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CASSAMDRE : 
A TVO-DMHSIONAL MULTIGROUP DIFFUSION CODE FOR REACTOR IRANSIENÏS ANALYSIS. 

CODE DESCRIPTION AND USER'S CHIDE 

Summary • CASSAMDRE Is a two-dimensional (»-y or r-z) f in i t e element neutronlcs code with 
tharaohydraullcs feedback for reactor dynaaics prior to the dlaaaaeably phaae. I t uses 
the aultlgroup neutron diffusion theory. Its w i n characterlsclcs are the uae of a 
generalized quaalatatlc model, the uae of a f lexible aultlgroup polnt-klnetlca algorithm 
allowing for spectral «atoning and the uae o f a f ln i ta element description. The code was 
conceived in order to be coupled with any thermohydreullet module, although rheraohrdraa-
Ilea feedback la only considered In r-x geeaaetry. In steady s tate e r l t l c a l l t y search Is 
possible either by control rod lneertlon or by hoaoganeoue poisoning of the coolant. This 
report describes the main characterist ics of that code structure and provides a l l :he 
Informations needed to uae the code. 

B. ARUM, J. DANIELS 
BLG 591 (December 19S6) 

CASSAMDRE : 
A IWD-DItCNSIONAL MDinGROUr DIFPUSIOH CODE FOR REACTOR TRANSIENTS ANALYSIS. 

CODE DESCRIPTION AND USER'S GUIDE 

Rénaaé - CASSAMDRE eat un code de neucronlque ana éléments f inis bldlaensloimels (x-y ou 
r-z) tenant ccapte d'effets rétroact i fs theraohydraullques e t destiné A la dynaalque de' 
réacteurs durant la phaae de prédésjsseablaga. LA code est baaé sur la théorie de diffu
sion aultlgroupas e t ses caractéristiques principales sont l ' u t l l ' s a t l o n d'un aodèla 
quaslatatlque généralisé et l ' eaplo l d'un algorlthaa souple de cinétique ponctuelle 
aultlgroupea permettant une reproduction du spectre (spectral matching). Le code est 
conçu de manière A pouvoir être couplé i n'Importe quel module thermohydraullque, quoique 
la rétroaction thermohydraullque so i t l imitée s la géométrie r-z. La recherche de l ' é ta t 
critiqua en régime statloiuialre aat possible soit par Insertion de barre de eontrSle, so i t 
par empoisonnement homogène du réfrigérant. La présent rapport décrit lea caractéris
tiques principales de la structure du code e t fournit toutes les informations néceasalres 
pocr l ' u t i l i s a t i o n du coda. 

1. ARID», J. DANIELS 
BLG 591 (December 1986) 

CASSAMDRE : 
A IWO-DIMENSIOMAL MULTICPOUF DIFFUSION CODE FOR REACTOR TRANSIENTS ANAL>JIS. 

CODE DESCRIPTION AND USER'S GUIDE 

Samenvatting - CASSAMDRE Is sen tweedlaenslonele (x-y of r-z) eindige elementen neutronen-
code mat theraohydraullsche terugkoppeling, die op punt gestald ward voor de dynamische 
studie van reactoren voor de ontmantellngsfase. Da coda steunt op da multlgroep neutro-
nendlffusletbeorle. Oe voornaamste karakteristieken van de code zijn het gebruik van een 
veralgemeend quaslstatlach aodal, het gebruik van een soepel aultlgroep puntklnatlsch 
algorithme dat "spectral matching" toelaat en hat gebruik van een eindige elementen 
beschrijving. Da code werd opgevat een einde aan ca het even valk theraohydraullsch aodel 
ce kunnen gekoppeld worden, alhoewel thanohydraullscha terugkoppeling beperkt werd tot da 
r-z geometrie. In statlonnalr regime i s het zoeken naar s> c r l e l c a l l t e i t mogelijk hetz i j 
door het Inbiengen van aan controlestaaf, hatzlj loor het homogeen vergiftigen var een 
koelaiddel. Onderhavig rapport beschrijft de voomismste karakteristieken van de code en 
geeft al de nodige Inlichtingen veor het codegebrulk. 
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T*te O: r-".ANDRE code is a two-dimensional neutronics code us'-.ng the 

üHil'i";'»- lP diffusion theory for transient analysis in nuclear reac-

tcrs fior to the disassembly phase. 

The t#-.;- .ature dependence of the neutronic cross-sections allows the 

.'JttrGûcji : tion of the temperature feedback effects by adjunction and 

coucl'.r••'.•' of a thermohydraulics module. 

Oiriginôiiy conceived and written for fast reactors, CASSANDRE however 

can be ised 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 spatial discretization in x-y or r-z geometries. The 

time integration of the unstationary equations is performed by means 

of the generalized quasistatic approach allocating a different ampli

tude function for each energy group. A flexible multigroup point-

kir.utics algorithm allows for spectral matching. 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 [l]; 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 ut.derstanding 

of these theoretical foundations. 

As it will be further precised, the CASS/J1DRE c&'a has been conceived 

to permit the introduction and coupling of many possible thermohy

draulics modules. 

Weutronics and thermohydraulics equations are 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./ 

S.C.K.-Mol. 
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The macroscopic neutron r:ross-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 the 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 appendix 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 language 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 
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2. 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 

ClL 

- 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 

(a+ + 6 || - 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 delayed neutron precursors are classified in families and are 

distinct 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. 
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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 labeled 

common block COMMON/DIM, as we shall see further. 

The code is constituted by 5 modules : 

4 neutronics modules : 1) input module 

2) preprocessing module 

3) static module 

4) dynamic module 

i thermohydrauli.es 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 being 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 thermohydraulicf module, provided 

that the physical model is compatible with the elementary assumptions 

on which CASSANDRE is based. 

http://thermohydrauli.es
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Figure 3.1 schematizes the interfaces between the various modules of 

the code. 

INPUT 

MODULE 

IDP 
+ COMMON/DIM-

PRE

PROCESSING! 

MODULE IPS 

IDS 
+ COMMON/DIM 

IDD 
COMMON/DIM 

STATIC > 

MODULE I" 

NCPÊS 

IPSM 
NFT 

/THERMO-\ 

HYDRAULICS' 
MODULE i 

1 DYNAMIC 

~i MODULE 

'NCPL 

Figure 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 
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code reads these properties on file IPS and begins directly the 

static calculations. Similarly different transients starting from 

the same steady state can he 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, IDS, IDD, 

respectively) and by the labeled common COMMON/DIM. This labeled 

common contains the array L (100), which collects the most 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, IDS, IDD, IPS, IPSM, NPT and NCPL are described in appen

dix 3. 

The calling sequences r>f these modules are defined in the MAIN and in 

subroutine MACAS, which are described in the following sections. 
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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 thermohydraulics 

module (conventionally called THEHMO) the power density distribution 

in the reactor, whereas THERMO in return furnishes the temperature 

and density distributions to neutroi.ics. This information exchange 

is repeated in an itéra Lve 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 allocation initia

lizations (see appendix 6); 

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

c) if NEXEC 4 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 iterative 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 

KCûNV, which is determined in the neutronics modules and which 

indicates the result of the convergence tests. 

In transient the iterative procedure between neutronics and thennohy-

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 iteration 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 1 he 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 probJem, 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 explanations of subroutine 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 

yes 

ITER = 1 

CALL MACAS 

ITER = ITER+1 

1 

no 

yes 

•*<r ITPLUX = no 

yes STOP 

CALL OPENMS 

NDYN = 1 

ISTART = 1 

ITER - 1 

CALL MACAS 

; 

ITER = ITER+1 
_ 

ISTART = 2 

no 

yes 

-*<: ITFLUX = 0 no 

CALL THERMO 

CALL THERMC 
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Nomenclature 

NEXEC : integer determining the 'level' of execution 

if NEXEC = C, 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 

NDYN : when NDYÏT = 0, 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 4 0, static calculations are followed by dynamic 

calculations 

ITFIX'X : integer related to the thermohydraulics coupling 

if ITFLUX = 0, no thermohydraulics coupling 

if ITTLUX i 0, neatronics 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 starting 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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5. 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 criti.cality search or thermohydraulics coupling in steady 

state and at each I'.ewton-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 SPACl., which is the main routine of 

the statics module, and the preprocessing results obtained in a 

previous run and stored on f'le 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, vnxch 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. 
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d) 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 program execution is pursued by the calling 

to SPACE or SHAPE according to the value of NDYN. 

e) 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. 

f) When the RESTART procedure is utilized (NREST ̂  0), the saving of 

vectors A and L is not sufficient and the contents of some ^iles 

(NTM, NCPL, NK>, NFX1, 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, NVO, NPX1, NADJNT? this 

reinitia 'lation is carried out by YSART, which is called when 

ISTART = 100 (the value 100 for ISTART indicates the first calling 

to MACAS for r. 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 
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ISIART - 100 

KCONV - 1 

CALL PRiNC2 

yes 

CALL PRINC1 

CALL SPACE 

Writing on NSAVE 

yes 

CALL YSART 

RETURN 

X 
Reading of NSAVE 

yes 

CALL SHAPE 

JSTARI - 10<L 

Tyes 

CALL YSART 

NDYN 

no 
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Nomenclature 

ÏSTART :ISTART = 1 at the first calling to MACAS in steady state and in 

transient 

> 1 at the next callings to MACAS 

NDYN : when NDYN = û, the code is executing static calculations 

when NLYN = 1, the code is executing dynamic calculations 

NEXEC : integer determining the 'level' of execution 

if NEXEC = û, 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. 



15 

6. THE INPUT MODULE 

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 INP5 and which calls to subroutine DATIN; 

- subroutine DATP'. which is the most important routine of the input 

module; the essential operations carried on by DATIN are : 

- reading of the data on file INP5 

- allocation of some variables appearing as arguments in labeled 

common blocks 

- distribution of the other data between 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 INF5 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 data 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 reading 

of the Input 

data of the 

equivalent 

preprocessing 

reading of 

the Input 

data of the 

equivalent 

preprocessing 

blind reading of 

the Input data 

of the prepro

cessing derived 

from MULCOS 

-*¥*-

reading of 

the Input 

data of the 

preprocessing 

derived from 

MULCOS 

XEC 

s ./end M \ . 

\ d a t a y ^ 

[no 

reading of the 

input data for 

statics 

blind reading of 

the input data 

for statics 

yes 

reading of the 

Input data for 

dynamics 

END 

file:///data
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7. THE PREPROCESSING MODULE 

Before executing a steady or unsteady state calculation, it is 

necessary to known the neutronic properties of the materials, like 

the macroscopic cross-sections, the fission spectra, etc. 

The determination of these properties is the matter of the preproces

sing module. 

First of all it can be useful to recall the important concept of 

mixture and composition, on which the physical model of the prepro

cessing of CASSANDRE is partially 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. UO -PuO , stainless steel, 

sodium,...); each of these mixtures is a constant and homogeneous 
235 238 

combination of isotopes (e.g. U , U , 0 for UO -PuO , Fe, C, Ni, 

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

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, 

Each 

ture 

mixture 

in each 
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isotopes 

a composition is a 

tion of mixtures 

is characterized by 
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homogeneous 

and homogen 

combination 

sous 

a type and it has a mean 

zone (or finite element). 

crmbina-

tempera-

of 

The temperature dependence of the macroscopic cross-sections of the 

mixtures (due to Doppler effect and density variation) is assumed to 

be given in each energy group by : 

T m m m 

Zm (T ) = im (T ) + r " l%3. +_*i2 +!|i£ ] d T (7.D 
x,g m x,g mo T L /T T T2 J 

mo 

where £ is the macroscopic cross-section of mixture m 

T is the mean temperature of mixture m in the zone 

T is a reference temperature 
mo 

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 : 

lC (t) - S f .(T .t) E ™ (T ) (7.2) 

x,g c m,C m x,g m 

where f 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 

E (T ) , a , b" and c in (7.1) for each mixture m, each 
x,g mo x,g x,g x,g 

energy group g and each physical process x. In addition it must give 

the prompt fission spectrum. More concretely the preprocessing 

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 [23 with the 

restriction that this module is only available for C.E.N./S.C.K.'s 

users ani not provided outside; 

2) use of the equivalent preprocessing module. 

- The preprocessing derived from MULCOS computes the values of-

E (T ) , a , b , c from a multigroup microscopic cross-
x,g mo x,g' x,g' x,g 

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 

effects and detailed in [2]. The values of E (T ) , a , b , 
x,g m x,g' x,g' 

c'' are then deduced by interpolation. 

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 file 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 IPS. 



22 

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 limit 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 4 C and neutronics is 

coupled with thermohydraulics if ITPLUX ? 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 en 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 nexc iterations (ITER > 1), the reactor k ,_ 
err 

value obtained at che previous iteration is first memorized in XKO 

and the contents of file IPSM are read (CALL FR46). 

When criticality search is asked and convergence for temperature 

feedback (if any) has been reached (KCONV = 0) , a ne\T poisoning of 

the reactor is determined in routine HIGNEW to sxght 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 PW46). 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/or thermohydraulics coupling are requested (CALL 

PRITER). 

- If ISWTCH 4 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 called anyway for a first determination 

of the 'thermal' lay-out of the reactor (see additional informa

tions for iile 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 k ,, value is 
eff 

put in XKEFF. 

-If criticality search and/or thermohydraulics coupling are re

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

the next step; as explained at the beginning of this 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 reactor k ,_ is not stabi-
eff 

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 4 0) , the power 

density distribution is stored on file NCPL for the thermohy-

draulics module (CALL ADPOW). 

- When the final steady state has 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 routine 

TRANOU, if a dynamic problem is foreseen afterwards (ISTEAD 4 0). 
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Adjoint fluxes are printed out if asked (IPRINT 4 0) and they are 

stored on file NPT for the dynamic calculations if necessary 

(ISTEAD t 0). 
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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-^ality 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 = 0, neutronics is dependent on thermohydraulics 

if ITFLUX ? 0, neutronics is coupled with a thermohydraulics 

module 

KCONV: if KCONV = -1, no convergence neither for criticality search nor 

for thennohydraulics feedback 

if KCONV = 0, convergence for thermohydraulics feedback has 

been reached, but not yet for criticality search 

if KCONV = 1, convergence has been reached both for criticality 

search and thennohydraulics feedback 

ISK : iteration number for the criticality search scheme (i.e., 

without taking into account the iterations on thermohydraulics 

coupling 

ISWTCH: if ISWTCH = 0, the reactor lay-out is not modified 

if ISWTCH = 1, the new control rod(s) insertion modifies the 

reactor lay-out (the bottom of a control rod 

passes from a finite element to another one) 

IADIR: if IADIR - 1, only thy direct problem has to be solved 

if IADIR = 2, the direct and adjoint problems are solved 
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ISTEAD: if ISTEAD = 0, the steady state will not be followed by tran

sient calculations 

if ISTEAD £ 0, a transient calculation will follow the steady 

state (either during the same run or during a 

next run) 

IPRINT: if IPRINT = 0, printing of neutron fluxes and power densities is 

not asked 

if IPRINT = 1, printing of neutron fluxes and power densities is 

required 

XKEFF: value of the reactor k „ obtained at the current iteration 
eff 

XKO : value of the reactor k obtained at the previous iteration 

EPSKC: convergence criterion for criticality search 

EPSKT: 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 (NPT). 

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 [l]. 

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 <p in each energy group as : 

<j> (r,t) = T (t) >P (?,t), 

where T (t) is a time dependent function called 'amplitude function', 

containing the major part of the time dependence of $ , and f (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 T ). 

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 method. 

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 
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each macro time step, the point-î'inetics equations are successively 
12 

solved n = — times. When temperature feedback *• .fects are taken into 
n 

account, the iterations en 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 zhe 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 k f f 

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 MACROt 

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 

Cl]). 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 (ITPLUX j 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 supplementary 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 tine step (CALL CROSS); these cross-sections ure 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 

appearing 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 SHACOE); 

- 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 4 0) and printing of the power and neutronic 

fluxes at the specified times in the macro time step (CALL 

PRIWAT). 

- in 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 reactivity is deter

mined in routine RETRO. 

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

cross-sections are divided by the k __ value of the reactor at time 
1 eff 

t=0 in order to insure a rigorous stationarity of the initial state. 
The value taken for k __ is not the value calculated by the static 

err 

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

routine RAU. 
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Nomenclature 

ISTART : ISTART = 1 at the first calling to SHAPE and at the beginning 

of the transient 

ISTART 5* 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 thermohydraulics 

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 

before starting the Newton-SOR process 

NEWMAX : maximum permitted number of Newton-SOR Iterations in the 

considered macro time step 

ICMAP : if ICMAP « 1, the macro time step length is controlled automa

tically by the code 

if ICMAP t 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 Inst Newton-SOR iteration 
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POWMl : total power of the reactor at the end of the current macro time 

step and at the previous Newton-SOR iteration 

RAU1 : 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 
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10. COUPLING WITH THERMOHYDRAULICS 

Por practical applications, it is necessary to take into account the 

feedback 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 

thennohydraulics 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 thennohydraulics 

module to the interface requirements, i.e. the numerical valves 

transfered from neutronics to thennohydraulics and reciprocally must 

be transmitted only through file NCPL in conformity to the specifica

tions detailed in appendix 3. The iterative processes between 

neutronics and thennohydraulics 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 thennohydraulics. It means that 

the thennohydraulics module must be completed - if necessary - by 

routine(s) performing the averaging. Let us clarify this aspect by 

means of the following figures. 

neutronic thermohydraulic 

FIGURE 10.1a FIGURE 10.1b 
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From the neutronic point of view, we may decompose the core in 

'neutronic' assemblies, each assembly being constituted by superposed 

elements as shown in figure 10.1a. 

Now from the thermohydraulic point of view, we may represent this 

'neutronic' assembly for example by one fuel rod channel or by one 

subassembly whose behaviour is supposed to reproduce the mean beha

viour of all the channels or subassemblies comprised in the 'neutro

nic ' assembly (see figure 10.1b). 

The temperature profiles 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 is supplied with a very simplifisd 

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 uiodify 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 4 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 out that, when NREST 5* 0, 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) TMAX : 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 only 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, RP0M : see card 310.0, if 

ICMAP = 1 

6) NEWMAX : maximum number of Newton-SOR iterations -i (see card 311.0) 

NMICI : number of micro time steps -I if ICMAP = + 1 

7) NR0D, PO, PI, F2, TS, TF : see card 320.1, if IROD > 0 

NC0M, IMDP, PO, PI, P2, TS, TF : see card 321.1, if IROD < 0 

EPSF : convergence criterion on the shape functions 

EPSP : convergence criterion on the total reactor power 

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 MULC0S 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 DAIA 

Card 

0.0 

Variables 

NEXEC 

NREAD 

NREST 

Format 

314 

Definition 

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 in the MULCOS preprocessing 
nodule, 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 is a reading variable 

* 0 : data are given for equivalent preproces
sing, and eventually static and dynamic 
calculations 

» 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 is a restart variable 

The value of NREST is only used for dynamic 
calculations 

• 0 : no possibility of RESTART 

• -1: a dynamic calculation is started from 
the initial time with possibility of 
restart for next runs 
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If NREAD - 0 
If NREAD - 1 
If NREAD - 2 
If NREAD - 3 

GO TO 
GO TO 
GO TO 
GO TO 

CARD 001.0 
CARD 100.0 
CARD 200.0 
CARD 300.0 

• 1 : a dynamic calculation Is restarted from 
the end of a previous run 

(see section 11) 

If NREST - 1, one must have NEXEC - 3. 
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EQUIVALENT PREPROCESSING DATA 

Card 

001.0 

002.0 

oo: 

003 

00' 

004 

>.l 

MT 

f.l 

MI 

005.0 

Variable(s) 

ML 

NGM 

NGU 

NGD 

TYPE(ML) 

NMELA(l) 

NMEL(1,I), 
I-1,NMELA(1) 

NMELA(MI) 

NMEL(MI,I) 
I-1,NMELA(MI) 

FRAC(1,I) 
I-1,NMELA(1) 

FRAC(MI,I), 
I-1,NMELA(MT) 

ITK(ML) 

Format 

514 

20A4 

2613 

2613 

6E12.4 

6E12.4 

1615 

Definition 

number of mixtures (1 £ ML £ 30) 

number of energy groups (1 £ NGM £ 40) 

maximum number of energy group jumps by up-
scattering 

maximum number of energy group jumps by down-
scattering 

(see comment 1) 

number of compositions (1 <_ MT £ 30) 

key-words describing the types of the mixtures 

- 'bCOM' for fuel 
- 'bCLD' for cladding 
• 'bSOD' for coolant 
- 'bSTR' for structure material 

number of mixtures in composition 1 

numbers of the NMELA(l) mixtures of composi
tion 1 

card 003.1 has to be repeated MT times, 

i.e. for each composition 

initial volume fractions of the NMELA(l) mix
tures of composition 1 

card 004.1 has to be repeated MI times, 
i.e. for each composition 

reference temperatures at which the macros
copic cross-sections are given for the ML mix
tures (°K) 



47 

006.1 

006. IHM 

0O6.IHM*4 

O06.IHM*4 

0O7.0 

008.0 

00.9 

010.0 

011.0 

CTOI(l,l,IG,l), 
IG-l.NGM 

CT0T(1,1,IG,IHM), 
IG-l.NGM 

CI0T(4,1,IG,IHM), 
IG-l.NGM 

CT0T(4,ML,IG,IHM) 
IG-l.NGM 

VELOC(NGM) 

CHI(NGM) 

NL 

NISONL(NL) 

END 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

14 

1014 

A4 

multigroup macroscopic cross-sect '.̂ ns of 
the mixtures (en ) 

(see comment 2) 

card 006.1 has to be repeated IHM times 

cards 0O6.1 •* 006.IHM have to be repeated 
4 tines 

cards 006.1 -*• 006.IHM*4 have to be repeated 
ML times 

velocities corresponding to the NGM energy 
groups (cm/sec) 

prompt fission spectrum in the NGM energy 
groups 

(see comment 3) 

number of fuel isotopes (or fuel mixtures) 

(see comment 4) 

numbers of the NL fuel isotopes (mixtures) 

- 'ENDP* 

If no data for steady state calculations GO TO CARD 32$.0 (see comment 5) 

If data for steady state calculations GO TO CARD 200.0 
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Card 

100.0 

101.1 

101.2 

101.3 

101.2+NIS 

• 

102.0 

103.0 

104.1 

MULCOS PREPROCESSING DATA 

Varlable(s) 

ML 

IPRINT 

ICROS 

TIT 

NMIX(l) 

ITKU.K) ,K-1,4 

TYPE(l) 

ms 

NAME(l) 1 

C(l) 

NAME(NIS) 

C(NIS) 

END 

MT 

NMELA(1)-NM 

Format 

314 

A8 

14 

418,A4,14 

8,4X,E12.4 

A8 

14 

14 

Definition 

number of mixtures (1 £ ML £ 30) 

- 0 i f no printing of intermediate preproces
sing results 

» 1 i f printing of intermediate preprocessing 
results 

- 0 i f no printing of the cross-sections 

• 1 i f printing of the cross-sections 

- 'bMIXTURE' 

number of the f irs t mixture 

4 base temperatures for the mixture (°K) 

(see comment 6) 

key-word describing the type of the mixture 

- 'bCOM' for fue l 
- 'bCLD' for cladding 
- 'bSOD' for coolant 
- 'bSTR* for structure material 

number of Isotopes in the mixture (<_ 30) 

name of the f irst isotope in the mixture 

(see below for the code names) 

atomic density of the f irs t Isotope In the 
mixture 

(10 at/cm') 

(card 101.3 has to be repeated NIS times, 
i . e . for each isotope in the mixture) 

(cards 101.1 > 101.2+NIS have to be repeated 
ML times, i . e . for each mixture) 

• 'ENDPMbbb' 

number of compositions (1 £ MT £ 30) 

number of mixtures in the f irst composition 
(£ 30) 
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104.2 

104.1+NM 

105.0 

106.0 

* 

107.0 

108.0 

NMEL(1,1) 

FRAC(l.l) 

NMEL(1,NM) 

FRAC(1,MM) 

END 

NL 

NISOHL(NL) 

TIT 

NGM 

I4.E12.4 

A8 

14 

1014 

3A8,I4 

number vf the f irs t nlxture in the composi
tion 

in i t ia l voluae fraction of the f i r s t mixture 
in the composition 

(card 104.2 has to be repeated NM t ines , i . e . 
for each mixture in the composition) 

(cards 104.1 -*• 104.1+NM have to be repeated 
NT t ines , I . e . for each composition) 

- 'ENDPCbbb* 

timber of fuel isotopes (cr fuel mixtures) 
to be considered separately (1 <_ ML £ 10) 

(see consent 7) 

numbers of the N fuel mixtures when the 
fuel isotopes have been separated 

- ,bI.iBRARYbKFK-MAP-26bCR.b, 

40 

if original 26 (or 40)-groups library i s 
used (option A) 

or 

« •bFEWGRbbbbbbbbbbbSCHEMEb' 

if collapsing i s asked (option B) 

number of energy groups (NGM £ 40) 

IF OPTION A GO TO CARD 117.0 

109.0 

110.0 

111.0 

112.0 

113.0 

NUfGR(l,IG),IG«l, 
HGM 

NUMGR(2,IG),IG-1, 

NGM 

TIT 

IDLIB 

NISL 

NAML(NISL) 

2014 

2014 

2A8,I4 

14 

8(A8,2X) 

numbers of the f irst fine groups 

numbers of the last fine groups 

(see comment 8) 

- 'UFK-NA-26bGR.bb' 

• 26 

total number of isotopes 

l i s t of the isotopes» (see below for the 
code names) 



5C 

114.0 

115.0 

116.0 

117.0 

NSPEC 

NUMSP(MT) 

FLUX(IG), 

IG-1,26 

END 

4X,I4 

2014 

6E12.4 

A4 

number of spectra to be associated to the 

compositions for the collapsing 

(see comment 9) 

numbers of the spectra to be associated to 

the MT composition. 

(NUMSP (NCOM) is the number of the spectrum 

associated to composition NCOM) 

first spectrum 

(card 116.0 has to be repeated NSPEC times, 

i.e. for each spectrum) 

- 'ENDP' 

If no data for steady state calculations GO TO CARD 322.0 (see comment 5) 

If 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 

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 

H 

D 

H E 

L I 

B E 

B 

B 

C 

C 

N 

0 

0 

N A 

N A 

M G 

A L 

S I 

K 

C A 

C L 

T I 

V 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

3 

5 

1 

2 

4 

6 

9 

0 

1 

2 

2 

4 

6 

6 

3 

3 

7 

8 

5 

1 

B 

B 

B 

L 

L 

L 

C 

C 

F 

P 

N 

N 

C 

Z 

N 

M 

E 

G 

H 

T 

P 

B 

T 

Ü 

U 

U 

U 

U 

R 

R 

E 

E 

I 

I 

ü 

R 

B 

0 

U 

D 

P 

A 

B 

I 

H 

0 

1 

2 

2 

2 

2 

2 

2 

2 

9 

8 

0 

3 

3 

3 

3 

3 

3 

3 

i 

9 

2 

3 

5 

5 

6 

8 

B 

B 

B 

B 

L 

L 

L 

L 

U 

P 

P 

P 

P 

P 

P 

X 

S 

u 
p 

N 

U 

U 

U 

U 

u 
p 

E 

M 

A 

P 

2 

2 

2 

2 

2 

2 

P 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 

U 

3 

4 

3 

3 

3 

8 B 

9 

9 B 

0 

1 

2 

9 

5 * 

9 * 

4 * 

3 

9 S 

L 

L 

* 

* 

* 

$ 

The second and third characters correspond to the usual symbol for the 

isotope. 

The 3 next characters correspond to the atomic mass of the isotope. 

For some isotopes the characters BL are added in positions 7 and 8 and 

they indicate that the cross-sections have been corrected to take into 

account the blanket spectrum. 
239 

PPPU9 is related to the fission products of Pu 



Partitioning of the 26 groups library 

Group number Energy range 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

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 keV 

200 - 100 keV 

100 - 46 .5 keV 

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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Card 

200.0 

201.0 

202.0 

203.0 

STEADY STATE DATA 

Varlable(s) 

TITLE(8) 

GENER 

1PR0B 

ICRIT 

IBTOT 

ISTMAX 

ITFLUX 

ISTEAD 

IADIR 

ICHEB 

Format 

8A8 

2A8 

713 

213 

Definition 

Title for steady state calculations 

« 'bSSbGENERALITTES' 

- 1 for independent source problem 
» 2 for eigenvalue problem 

(see comment 10) 

* 0 i f no c r i t l c a l l t y search 

> 0 for c r i t i c a l i t y search by control rod insertion 

< 0 for c r i t i c a l i t y search by homogeneous poisoning 
of the coolant with mixture |lCRIT| 

(see comment 11) 

number of control rods to be considered f^r the 
steady and/or unsteady state calculations (<_ 5) 

maximum number of iterations for cr i t i ca l i t y 
search and/or thermohydraulics coupling (put 0 i f 
no c r i t i c a l i t y search and no thermohydraulics 
coupling 

» 0 i f neutronics is not coupled with thermohy
draulics 

f 0 i f neutronics is coupled with a thermohy
draulics module and ITFLUX i s the number of 
compositions submitted to thermohydraulics 
feedback 

» 0 i f the steady state wi l l be followed by a 
transient 

i 0 i f not 
(see comment 12) 

• 1 only direct problem Is solved 

• 2 direct and adjoint problems are solved 
(see comment 13) 

- 0 i f no Chebychev acceleration for the power 
method 

- 1 i f power method i s accelerated by Chebychev 
scheme 

(put 0 i f IPR0B - 1) 



204.0 

205.0 

206.0 

207.0 

HEMAX 

GEOM 

NG 

NDG 

NR 

NZ 

ALBC,ARBC,ATBC, 

ABBC 

BLBC,BRBC,BTBC, 
BB8C 

2A8 

413 

4E12.4 

4E12.4 

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

(see comment 14) 

• •bSSbGEOMETRYbbbb' 

• 0 for rectangular geometry (x-y) 
« 1 for axisymmetric geometry (r-z) 

« 1 for bilinear basis functions 
- 2 for biquadratic basis functions 
» 3 for bicubic basis functions 

(see comment IS) 

|NR| » number of mesh nodes along the x(or r axis) 

J NZ| - number of mesh nodes along the y(or z axis) 

NR, NZ > 0 : uniform mesh grid 
NR, NZ < 0 : non-uniform grid 

boundary coefficients at the le f t s ide, the right 
s ide, the top and the bottom of the reactor res
pectively 

idem 

the boundary conditions are the Neumann-Dlrichlet 
conditions : 

a*(r ) + bD(R ) n .7*(r ) - 0 
e e e e 

with a = ALBC,ARBC,ATBC,ABBC 
b = BLBC,BRBC,BTBC,BBBC 

If MR, NZ > 0, GO TO CARD 210.0 

208.0 

209.0 

R(NR) 

Z(NZ) 

6E12.1 

6E12.4 

abscissa of the mesh nodes along the x(or r) axis 
(cm) 

abscissa of the mesh nodes along the y(or z) axis 
(cm) 

GO TO CARD 212.0 

210.0 

211.0 

212.0 

RMIN,RMAX 

ZMIN,ZMAX 

LAYOUT 

NMAX 

2E12.4 

2E12.4 

2A8.I3 

minimum and maximum abscissa of the uniform mesh 
grid along the x(or r) axis (cm) 

minimum and maximum abscissa of the uniform mesh 
grid along the y(or z) axis (cm) 

- 'bSSbLAYbOUTbbbbb' 

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



213.1 

213.NMAX 

NCOM, 

IR1,IR2,IZ1,IZ2 

513 

513 

composition number 

respectively left, right columns and bottom, top 

rows of the mesh grid enclosing the composition 

NCOM (each composition definition overrides a 

previous one if any) 

(see comment 16) 

IF ITFLOT - 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 

2] 

216 

L6.1 

1 

.IBTOT 

RODS 

MTABS 

RC1,IRC2,IZC1,IZC2 

IRZ8 

2A8 

613 

613 

- 'bSSbCONTR.bRODSb' 

number of the absorbing composition in the first 

control rod zone 

respectively left, right columns and bottom, top 

rows of the mesh grid enclosing the first control 

zone 

(see comment 18) 

= 0 if the control rod is not used for crltlcality 

search 

(see comment 19) 

- 1 if the control rod is used for critlcality 

search 

card 216.1 has to be repeated IBTOT times, i.e. 

for each control rod 

IF lLRIX > 0 CO TO CARD 220.0 

217.0 

218.0 

219.0 

220.0 

POIS 

MTFRA 

FRAMAX 

NCOPO(MTFRA) 

NUCLEA 

NPREC 

2A8 

!3,E12.4 

2413 

2A8,I3 

- 'bSSbPOISONbbbbbb' 

number of poisoned compositions 

maximum permitted dilution of poison in the coo

lant 

(see comment 20) 

numbers of the MTFRA poisoned compositions 

- 'bSSbNUCLEARbbbbb' 

• 0 If data are not given for delayed neutrons 

1* 0 if data are given for delayed neutrons 

(see comment 21) 
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221.0 NGM 

NGU 

NGD 

MT 

NL 

NI 

613 number of energy groups 

maximum number of group jumps by upscattering 
(put 0 If preprocessing derived from MJtCOS Is used) 

maximum number of group jumps by downscattering 
(put NGM-1 If preprocessing derived from MULCOS 
is used) 

number of compositions 

number of fuel Isotopes (I.e. fuel mixtures) 

number of precursor families If any 

(these data .mist be consistent with the prepro
cessing data) 

IF NPREC « 0 GO TO CARD 224.0 

222.1 

222.NL 

223.0 

224.0 

225.0 

226,0 

BETA(l.I), 
I-l.NI 

BETA(NL,I), 
I-1,NI 

CHID(NGM) 

CONVER 

EPSF 

EPSK 

EPSKI 

EPSKC 

ENERG 

EF1SS 

6E12.4 

6E12.4 

6E12.4 

2A8 

4E12.4 

!A8,E12.4 

delayed neutron fractions S~ for the first fuel 
mixture (i » 1) 

cara 222.1 has to be repeated NL times, i.e. for 
each fuel mixture 

d 
delayed neutron fission spectrum X 

g 

- •bSSbCONVERGENCEb' 

convergence criterion on the fluxes for source 
problems (IPROB » 1) 

convergence criterion on k for the power method 
(IPROB - V * 

convergence criterion on k for the neutronlcs-
thennohydraulics coupling iterations (put 0.0 if 
ITFLUX - 0) 

convergence criterion on k for criticallty 
search (put 0.0 if ICRIT » " ) 

(see comment 22) 

- 'bSSbENERCYbbbbbb' 

energy delivered per fission (joules) 

IF IPROB - 1 GO TO CARD 228.1 

227.0 POWNOM EU. I* nominal power of the reactor (watts) 

GO TO CARD 229.0 
- • - - - -
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228.1 

228.MT 

229.0 

230.0 

Q(1,IG),IG-1,NGM 

Q(MT,IG),IG-1,NGM 

EDIT 

ICROS 

IPRINT 

IFLUX 

NFR 

NFZ 

6E12.4 

6E12.4 

2A8 

513 

independent multigroup source In the first compo
sition (n/cm'.sec) 

card 228.1 has to be repeated MT times, I.e. for 
each composition 

- 'bSSbEDITTNGbbbbb' 

» 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 IFLUX " 0, the fluxes and power densities are 
printed out at points given on cards 231.0, 232.0 

if IFLUX j 0, the fluxes and power densities are 
printed out at IFLUX points per mesh in each 
direction (see comment 23) 

number of abscissa along the x (or r) axis where 
the fluxes and power densities are printed out 
(put 0 if IFLUX i» 0) 

number of abscissa along the y (or z) axis where 
the fluxes and power densities are printed out 
(put 0 if IFLUX f 0) 

IF IFLUX f 0 GO TO CARD 233.0 

231.0 

232.0 

233.0 

RR(NFR) 

ZZ(NFZ) 

END 

6E12.4 

6E12.4 

A8 

abscissa along the x (or r) axis where the fluxes 
and power densities are printed out (cm) 

abscissa along the y (or z) axis where the fluxes 
and power densities are printed out (cm) 

- 'bSSbENDb' 

IF no data for unsteady state calculation GO TO CARD 32$.0 
IF data for unsteady state calculation GO TO CARD 300.0 
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UNSTEADY STATE DATA 

Card 

300.0 

301.0 

302.0 

303.0 

304.0 

Variable(s) 

TITLE(8) 

GENER 

IROD 

ITFLUX 

TMAX 

TLOF 

INTEG 

INTERP 

IEXTR 

Format 

8A8 

2A8 

2I3.2E12.4 

2A8 

513 

Definition 

Title for unsteady state calculations 

- 'bUSbGENERALITIES' 

if IROD » 0, neither moving control rod nor varying 
mixture 

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

if IROD < 0, |IROD| mixtures are varying with the 
time 

» 0 if neutronics is not coupled with thermohy-
draulics 

5* 0 if neutronics is coupled with a thennohy-
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 
coolant mass flow rate : 
G - G e 

(sec ) (see comment 24) 

- 'bUSbTIMEblNTEGbb' 

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

INTERP « 2 : interpolation of the fundamental mode 
o.t 

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 

IFXTR » 1, Burlish-Stoer's extrapolation is used 
for the amplitude function calculation 
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ICER 

ICMP 

ICMAP 

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 i 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 macro time step length can vary 

and Is specified for each macro step 

ICMAP • 1 : automatical control of macro time step 

IP ICMAP - 0 GO 10 CARD 306.0 

IF ICMAP - 1 GO TO CARD 310.0 

305.0 FMAC E12.4 macro tine step length (constant) (sec) 

GO TO CARD 311.0 

306.0 

307.0 

308.0 

309.0 

MACMAX 

PMA(MACMAX) 

NMIC(MACMAX) 

NEWT(MACMAX) 

13 

6E12.4 

2413 

2413 

number of macro time steps used for the transient 

values of the macro time step length (sec) 

(see comment 27) 

number of micro time steps in the macro time steps 

at the first Newton-SOR iteration 

(see comment 28) 

maximum numbers of Newton-SOR iterations in the 

macro time steps 

GO TO * 

310.0 PMAC1 

PMAX 

PMIN 

FRMIN 

DPLIM 

6E12.4 value of the first macro time step (sec) 

maximum permitted value for the macro time steps 

(sec) 

minimum permitted value for the macro time steps 

(sec) 

minimum value of the reduction factor for the 

macro time steps 

maximum permitted value of the relative variation 

of the shape functions over a macro time step 
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311.0 

* IF INTER! 

312.0 

313.0 

314.0 

315.1 

• 

315.NL 

IF 10BETA 

316.1 

• 

316.NL 

GO TO CARD 

317.1 

• 

RPOM 

NEWMAX 

NMICI 

» i 1 GO TO CARD 31 

VP 

NUCLEA 

NGM 

NI 

NL 

IOBETA 

X L A M D A ( I , 1 ) , 
I-l.NI 

XLAMDA(I,NL), 
I-l .NI 

• 2 GO TO CARD 317 

BETA(I,1),I-1,NI 

BETA(I,NL),I-1,NI 

318.0 

XNBET(I,1,1), 
I-1,NI 

213 

L3.0 

El?.4 

2A8 

413 

6E12.4 

6E12.4 

.1 

6E12.4 

6E12.4 

6E12.4 

maximum permitted value of the power ratio between 
beginning and end of each macro time step 

(see comment 29) 

ma. n number of Nevton-SOR iterations in each 
macro time step 

number of micro time steps In each macro time step 
at the f i r s t Newton-SOR iteration 

(see comment 28) 

time constant of the second lnteroqlated mode for 
the amplitude functions, i . e . e (sec ) 

- 'bUSbNUCLEARbbbbb' 

number of energy groups 

number of precursor families 

number of fuel mixtures (isotopes) 

I 
i f IOBETA - 1, the values of 6. are given 
i f IOBETA » 2, the values of (v.0 ) are given 

x. i g 

(see comment 30) 

(the values of NGM, NI, NL musc be consistent with 
their values in steady state) 

i 
decay constants \ of the NI precursor families 
for the f i r s t fuel isotope (£-1) (sec ) 

card 314.1 has to be repeated NL times, 
I . e . for each fuel isotope 

JÎ, 
delayed neutron fractions 8 for the f i r s t fuel 
Isotope (A«l) 

card 315.1 has to be repeated NL times, i . e . for 
each fuel isotope 

values of the (v.B. ) ' T the f irst fuel Isotope 
and the f irs t energy group (£ • ! , g"l) 



317.NGM 

• 

317.NGM*NL 

318.0 

IF IROD -

319.0 

IF IROD < ( 

320.1 

320.IROD 

GO TO CAR] 

321.1 

321.1 IRODI 

XNBET(I,1,NGM), 

I-l.NI 

XNBET(I,NL,NGM), 
I-l.NI 

CHID(NGM) 

3 GO TO CARD 322 

ROD 

J GO TO CARD 321.] 

NROD 

FO 
Fl 
F2 
TS 
TF 

D 322.0 

NCOM 

IMDF 

FO 
Fl 
F2 

TS 
TF 

6E12.4 

6E12.4 

6E12.4 

card 316.1 has to be repeated NGM times, i.e. for 
each energy group 

cards 316.1 * 316.NGM have to be repeated NL times, 
I.e. for each fuel isotope 

d 
delayed neutron fission spectrum x 

0 

2A8 - 'bUSbCONTR.bRODSb' 

L 

I4.5E12.4 

I4.5E12.4 

number of the first movi. • control rod 

' coefficients characterizing the driving function 
related to control rod movement : 

the rod Insertion X is supposed to vary with the 
time T as : 

J X - X0 for T £ TS 

X - X0*(F0+F1*(T-TS)+F2*(T-TS)2) 
for TS £ T £ TF 

where X0 is the initial insertion 

card 319.1 has to be repeated IROD times, i.e. 
for each moving control rod 

2I4.5E12.4 

2I4.5E12.4 

number of the composition for which a mixture is 
submitted to a driving function number of the 

mixture submitted to the driving function 

-

coefficients characterizing the driving function 

the volume fraction V of mixture IMDF is supposed 
to vary with the time T as : 
V « V0 for T £ TS 

V - V0*(F0+Fl*(T-TS)+F2*(T-TS)a) 
for TS £ T < TF 

where V0 is the initial volume fraction 
(see comment 31) 

card 320.1 has to be repeated 1IR0D| tines, i.e. 
for each varying mixture 
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322.0 CONVER 2A8 - 'bUSbCONVERGENCEb' 

IF IEXTR - 0 GO TO CARD 324.0 

323.0 

324.0 

325.0 

326.0 

EPSA 

EPSF 

EPSP 

EPSR 

EDIT 

ICROS 

IPRINT 

NT 

E12.4 

3E12.4 

2A8 

313 

if ICER-O, EPSA is the maximum permitted relative 
error on the amplitude function- at 
the first micro time step in ec-.h macro 
time step 

if ICERi<0, EPSA is the maximum permitted relative 
error on the amplitude functions at the 
end of the transient 

(see comment 32) 

convergence criterion on the shape functions at 
each Newton-SOR iteration in each macro tiire step 

(see cessant 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) 

- •bUSbEDITINGbbbbb' 

« 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 (if IPRINT » 1) (NT >_ 2) 

if NT < 0, the power, fluxes and power densities 
are printed out at the times TPR given on card 
326.0 

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 

327.0 

328.0 

7PR(I),I»l,|NT| 

END 

6E12.4 

A4 

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

- 'ENDb' 
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Comments 

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

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

defined by Ig-g'l aud the maximum number of group jumps is the 

maximum value of |g-g'I. 

2) Any macroscopic cross-section of a mixture m at temperature T (see 

section 7) is given by 

_ m , m m 
T a b c 

Em (T ) = Em (T ) + / m [-ïi2 + -^3. + JEiî] d T 
x,g m x,g mo T ^ ^ T T 2 

where x refers to the physical process (fission, absorption,...) 

g refers to the energy group 

T is the reference temperature for mixture m (given by 

variable ITK) 

CTOT(K,NN,IG,IH) = £m (T ) for K = 1 
x,g mo 

= a for K = 2 
x,g 

= b for K = 3 
x,g 

= c for K = 4 
x,g 

NN is the mixture number 

IG is the energy group number 

IH is related to the cross-section type 

IH = 1 + absorption cross-section = E (capture + fission) 
a 

I'î = 2 + fission cross-section x number of neutrons generated 

per fission : v£ 

IH = 3 * removal cross-section = £ = £ + s £ . , 
t a gfe' ̂ g 

IH = 4 + inverse of diffusion coefficient in the x(or r) direc
tion : 1/D 

x 

IH = 5 + inverse of diffusion coefficient in the y(or z) direc

tion : 1/D 
y 

IH - 6 + fission cross-section = E, 



65 

IH = IHS-L ->• upscattering cross section from group IG+I. to group 

I G : E _.. 
g+i-̂ g 

(if g+fc>NGM, put 0.0 for the corresponding component of CTOT) 
IH = IHS -*• self scattering cross-section into group IG : E 

g->g 

IH = IHS+L + downscattering cross-section from group IG to group 

IG+L : E . 
g-fc+g 

(if g-£,<l, 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. 

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

the fissionable (fissile + fertile) isotopes. 

4) 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. 

5) 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 static calculations in next runs. 
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6) As explained in section 7, the preprocessing module derived from 

MULCOS computes the values of S (T ), a , b , c in law 
x,g mo x,g x,g' x,g 

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

type. These values are obtained by interpolation of the macroscopic 

cross-sections calculated at 4 temperatures. ITK(NN,K), K=l,4 are 

these 4 temperatures for mixture NN. Note that ITK(NN,1) corresponds 
to T . 

mo 

7) 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 

fuel mixtures : 
. fc , „235 016 

mixture 1 : U - 0 
. ^ „ „238 „016 

mixture 2 : U - 0 
. _ , „239 016 

mixture 3 : U - 0 

8) 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. 

9) The cross-sections are collapsed according to the following relation

ship : 

r. lEk 

k ' r= 
_ ty 

i£k x 
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where Z. is the macroscopic cross-section in the i group of the 

26-groups library 

E. is the macroscopic cross-section in the k collapsed group 

¥. is the spectrum value for the i group 

S denotes the sum on the groups of the 26-group library 
belonging to the k collapsed group 

This collapsing relationship is applied to each isotope in each 

composition. The collapsing spectrum f. then may differ from a 

composition 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 

reactor; criticality search (k = 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) If 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. 
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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 Cl] 

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 : 
„ 1 2 3 4 5 6 7 8_ .9 

1 

• 

3 

2 1 

3 

3 

The left-hand figure 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 : 

•Çt(i-»»,»î„*S.î*î:î>S(»if)j.v 

J* X» ' = Xo f°r any i/ i.e. if the prompt and delayed fission 

spectra are identical, the factor in brackets reduces to x« and 
x. ,g 

data on delayed neutrons are not necessary to calculate the fission 

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

the reactor k rr is not calculated (k „ has no physical sense in 
eff eff 

this case). Then put EPSK=EPSKT=EP£KC =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. 

At each power iteration, lower and upper bounds (k . , k ) for the 
ee min max 

reactor k are computed and the iterations are stopped when 
max(k „-k . , k -k ._) is less than EPSK. 

eff m m max eff 
The iterations on thermohydraulics feedback (if any) are stopped when 

the absolute variation (in modulus) of k ,. between 2 successive 
et/ 

iterations is less than EPSKT and the criticality search iterations 

(?f any) are stopped when |k f f-l| 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)2 printing 

points in each element. 

24)When neutronics is coupled with a thermohydraulics model (ITFLUX 4 

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 : 

G = G e-TL0F*t 
o 

where TLOF is 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. 



71 

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 

second 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 asked, the number of micro 

time steps at the second and next Newton-SOR iterations is the value 

taken at the first iteration. 

29)This criterion for the determination of the macro time step is u&M 

by the simplified point-kinetics model for the prediction of the 

power at the end of the macro time step. 

If P , P respectively denote the reactor power at the beginning and 

at the end of the macro time step, the ratio P./P- (if P, > P«) or 

the ratio P0/P, (if P, < PQ) must be less than RPOM. 

I I 
30)In some cases, instead of theB . values, the values of (v 8.) are 1 I x- l g 

furnished. The code computes then equivalent 8. values by means of 

the following formula : 

,P ,*. 
s£ ^ / , , . c t o r * S y g ' 0 ) % V g ' V V r ' 0 ) d r 

i_ Z Vreactor *g V~r'0) (V V g ' V ? ' ° , d ' 

g g' 

where V (r,0) is the shape function in group g at the initial time 

$*(r,0) is the steady state adjoint flux in group g 
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31)When 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 the 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 Cl]. 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 Mewton-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. 
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13. FILE SPECIFICATIONS 

Formatted files 

File number 

3 

50 

sequential-temporary 

sequential-temporary 

Utilization 

P S D 

P S D 

Record length (bytes) 

80 

80 
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Binary files 

Pile number 

2 

4 

13 

14 

15 

16 

17 

18 

19 

25 

29 

31 

32 

33 

37 

41 

42 

45 

46 

47 

ÏXES 

sequential-temporary 

sequential-temporary 

sequential-temporary 

sequential-temporary 

sequential-temporary 

sequential-temporary 

sequential-temporary 

sequential-temporary 

sequential-temporary 

sequentia1-temporary 

sequential-temporary 

sequential-temporary 

sequentia1-temporary 

(or permanent) 

direct access-temporary 

direct access-temporary 

direct access-temporary 

direct access-temporary 

sequential-permanent 

sequential-temporary 

sequentia1-temporiry 

(or permanent) 

Utilization 

S 

S 

s 
s 
s 
s 
s 

s 
s 

s 
s 

s 

s 

p 

s 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

S 

D 

D 

Record length (bytes) 

8*LBAHD*LBAND 

8*LBAND*LBAND 

8*NPAR 

8*LBAND 

8*MIN(LBAND,LCOMP) 

8*NPAR 

8*NPAR for static 

calculations 

8*NCP for dynamic 

calculations 

8*NPAR 

8*N?AR for static cal 

culations 

8MNCP+1) for dyna

mic calculations 

8*NDP 

8*NPAR for static 

calculations 

8*NCP for dynamic 

calculations 

8*MAX (52,NFR,NPZ, 

NDP,MT*NGM,MTT*ML) 

8*MAX(500,NCP,NDP) 

8*L0NG 

8*NPAR 

8*NPAR 

8«NPAR 

4*MAX(2*NGM,1+3*ML, 

22) 

idem 

idem 
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with LBAND = NDG*LR+NDG+1 

LR = 1+NDG*(NR-1) 

LZ = 1+NDG*(NZ-1) 

NPAR = LR*LZ 

LCOMP = (NDG+l)a + (NDG)a 

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

NCP = 1+NI*NL 

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

where NR is the number of mesh nodes along the x(or r) axis 

NZ is the number of mesh nodes along the y(or z) axis 

NDG is the degree of the interpolation basis functions (=1, 

2 or 3) 

NI is the number of precursor families 

NL is the number of fuel isotopes (mixtures) 

NFR is the number of abscissa along the x(or r) axis where 

the fluxes are to be edited 

NFZ is the number of abscissa along the y(or z) axis where 

the fluxes are to be edited 

MT is the number of compositions + IBTOT (< 35) 

MTT is the number of thermal compositions (< (NR-1)*(NZ-1)) 

ML is the number of mixtures (< 30) 

NGM is the number of energy groups 

IBTOT is the number 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 

with thermohydraulics 

- file NPT=31 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/O operations. 

- The other file specifications like the blocksizer the record 

format, the space, etc. can be freely defined by the user, pro

vided that the file specifications rules are respected, e.g. 

varia'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 acceoc files, it is necessary to update the para

meters of the FORTRAN 'OPEN* statements 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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/ /G0.FT03F001 DD UNIT=.>'YSDA,DISP=NEU,SPACE=(CYL, (2 ,1 ) ) , 
/ / DCB=(RECFM=FB,LRECL=80,BLKSIZE=80O,BUFNO=1) 
//GO.FTO4FO01 DD UNIT=SYSDA,DISP=(NEW,DELETE),SPACE=(CYL,(20,2) ), 
// DCB=<RECFM=VBS,LRECL=3528,BLKSIZE=14116,BUFN0=1) 
//G0.FT13F001 DD UNIT=SYSDA,DISP=(NEW,DELETE),SPACE=(CYL,(9,1)), 
// DCB=(RECFM=VBS,LRECL=936,BLKSIZE=5620,BUFN0=1) 
//G0.FT14F001 DD UNIT=SYSDA,DISP=(NEW,DELETE),SPACE=(CYL.(20,2) ), 
// DCB=< RECFM=VBS,LRECL=168,BLKSIZE=1012. BUFN0=1 ) 
//GO.FT15F001 DD UNIT=SYSDA,DISP= < NEU.DELETE),SPACE=(CYL,(20,2 ) ), 
// DCB=<RECFM=VBS,LRECL=104,BLKSIZE=628,BUFN0=1) 
//G0.FT16F001 DD UNIT=SYSDA,DISP= (NEW, DELETE),SPACE=(CYL,(20,2) ), 
// DCB=<RELFM^VBS,LRECL=936,BLKSIZE=5620,BUFN0=1) 
//G0.FT17F001 DD UNIT=SYSDA, DT.SP=(NEW, DELETE) ,SPACE= (CYL, (9,1)), 
// DCB= < RECFH=VBS,LRECL=936,BLKSIZE=5620,BUFN0=1) 
//G0.FT18F001 DD UNIT=SYSDA,DISP=(NEW,DELETE),SPACE=(CYL,(9,1)) , 
// DCB=< RECFM=VBS,LRECL=936,BLKSIZE=5Ó2©,BUFN0=1) 
//G0.FT19F001 DD UNIT=SYSDA,DISP=(NEW,DELETE),SPACE=(CYL,(9,1)), 
// DCB=<RECFM=VBS,LRECL=936,BLKSIZE=5620,BUFN0=1) 
//G0.FT25F001 DD UNIT=SYSDA,DISP=(NEW, DELETE) ,SPACE=;(CYL, (9,1 )), 
// DCB=<RECFM=VBS,LRECL=1736,BLKSIZE=1740,BUFN0=1 ) 
//GO.FT29F001 DD UNIT=SYSDA,DISP=(NEW,DELETE),SPACE=(CYL,(9,1 )), 
// DCB=<RECFM=VBi',LRECL=936, BLKSIZE=5620, BUFN0=1 ) 
//G0.FT31F001 DD DSN=L.TESTPF»BEN2D.SHAPA,DISP=(NEW,KEEP),UNIT=DISK50, 
// V0L=SER=TEST02,SPACE=(CYL, (1, 1) ), 
// DCB=(RECFH=VBS,LRECL=1728,BLKSIZE=1732) 
//GO.FT32F001 DD DSN=L.TESTPF.BEN2D.RESTA,DISP=(NEU, KEEP),UNIT=DISK50, 
// V0L=SER=TEST02,SPACE=(CYL,(9,1 )), 
// DCB=(RECFM=VBS,LRECL=40O0,BLKSIZE=8O04,BUFNO=1) 
//G0.FT33F001 DD UNIT=SYSDA,SPACE=(13000,190), 
// DCB=<DSORG=DA,RECFM=F,BLKSIZE=13O0O) 
//G0.FT37F001 DD UNIT=SYSDA,DISP=NEU,SPACL=(3344,(76,1> ) , 
// DCB=(RECFH=F,LRECL=936,BLKSIZE=5620,BUFN0=1) 
//G0.FT41F001 DD UNIT=SYSDA,DISP=NEW,SPACE=(3344,(36,1) ) , 
// DCB=<RECFM=F,LRECL=936,BLKSIZE=5620,BUFNO-1) 
//GO.FT42FO01 DD UNIT=SYSDA,DISP=NEW,SPACE=(3344,(20,1) ) , 
// DCB=<RECFM=F,LRECL=936,BLKSIZE=5620,BUFN0=1) 
//GO.FT45FO01 DD UNIT=DISK50,V0L=S£R=TEST02,DISP=(NEW,KEEP), 
// DSN=L.TESTPF.BEN2D.PREPA,SPACE=(CYL,(1,1)), 
/ / DCB=(RECFM=VBS,LRECL=96,BLKSIZE=10©> 
//GO.FT46FO01 DD UNIT=DISK50,VOL=SER=TEST02,DISP=(NEW,KEEP), 
/ / D5N=L.TESTPF.BEN2D.DYNAA,SPACE^(CYL,(1,1)), 
/ / DCB-(RECFM=VBS,LRECL=88,BLKSIZE=92) 
//GO.FT47F001 DD DSN=L.TESTPF.BEN2D.PRDYN,DISP=(NEW, KEEP),UNIT=DISK50, 
/ / V0L=SER=TEST02,SPACE=(CYL, ( 1 , 1 ) ) , 
/ / DCB=(RECFh=VBS,LRECL=88,BLKSIZE=92,BUFN0=1) 
//GO.FT50FO01 DD UNIT=SYSDA,DISP=NEU,SPACE=(CYL,(2,1)), 
/ / DCB=(RECFM=FB,LRECL=80,BLKSIZ1=800) 

Data set statements corresponding to the sample problem 
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//GCLFT07FO01 DD DSN=F.CNMOPF.KFKNAP.FILE07,DISP=SHR,DCB=BUFN0=1, 
// UNIT=DISK33,V0L=SER=CIEhüL 
//GO.FT08F001 DD DSN=F.CNMOPF.KFKNAP.FILE08,DISP=SHR,DCB=BUFN0=1, 
// UNIT=DISK33,V0L=SER=CIEM0L 
//GO.FT09F001 DD DSN=F.CNMOPF.KFKNAP.FILE09,DISP=SHR,DCB=BUFN0=1, 
// UNIT=DISK33,V0L=SER=CIEM0L 
//GO.FT10F001 DD DSN=F.CNMOPF.KFKNAP»FILE10,DirP=SHR,DCB=BUFNO=1( 
// UNIT=DISK33,V0L=SER=CIEM0L 
//GO.FT11F001 DD UNIT=SYSDA,DISP=NEW,SPACE=<3620,(160,1)), 
// DCB=(RECFM=F,LRECL=3620,BLKSIZE=3620,BUFN0=1) 
//GO.FT12F001 DD UNIT=SYSDA,DISP=NEW,SPACE=<604,(81,1)), 
// DCB==<RECFM=F,LRECL=604,BLKSIZE=604,BUFNO=1) 
//GO.FT22F001 DD UNIT=SYSDA,DISP=NEW,SPACE=(2000,(905,1)), 
// DCB=(RECFM=F,LRECL=2000,BLKSIZE=2000,BUFNO=1) 
//GO.FT28F001 DD UNIT^SYSDA, DISP=NEU,SPACE=(648, <960,1 ) ), 
// DCB=(RECFM=F,LRECL=648,BI_KSIZE=648,BUFN0=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 figure 

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. 
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ENTRY MAIN 
INSERT MAIN,FU46,M0VLEV,IDINIT 
INSERT OPENMS,UEXP,EXM,SMAP 
INSERT ICLOCK,CLOCK 
OVERLAY A 
INSERT THERMO,NEAH**,QPOW 
OVERLAY A 
INSERT INPUTD 
INSERT TRERR.DATIN.RW 
OVERLAY A 
INSERT MACAS 
OVERLAY B 
INSERT PRINC1,SBUCOM.SBURLI,INCOMP 
INSERT SAVGFL,SPICMI,SFACT,SMACR,SMACSI 
OVERLAY B 
INSERT PRINC2.F45 
OVERLAY B 
INSERT INTAB,CALCOF,SPLINT,SPL,GAUSS,TEFEED 
INSERT PVAR,SPLRZ,FEMAT3,PR0DT3,UTIT,ADPOW 
INSERT CHSKYB,BUFFER,CR0S2D,COMCRO,PRIC02,FLUX2D 
INSERT FR46,LAYNEU,SRID,CNP,WATT,YSART 
INSERT SHAPE,SPACE,EIGVAL,RNU, CALINT, XX 
INSERT IUDADI,CANDER,IUDAF,LAYO,LAYOU,PINT3 
INSERT PINT1,PINT2,KINC0E,RETRO,FINTER,TRANOU 
OVERLAY C 
INSERT PRITER,HIGNFU 
INSERT PRICOM.CRIPAl",SPACIN,INRZ 
OVERLAY C 
INSERT DISFLU,SOURCE,SOURMX,DRVING 
INSERT BLNCE,BFISS,BSCATT,BLEAK,BSOUR 
OVERLAY C 
INSERT KM,S2MNH,TS0UR,KINV,FORME,XLQ4 
OVERLAY C 
INSERT CROSS,RODNEW,MACON,PCWPRE,PRIWAT 
INSERT INTI,AINTER,SHACOE 
OVERLAY C 
INSERT SHAPIN.PR1,BETAIL,RAU.READ1 
OVERLAY C 
INSERT AMPLI,EXTRAS,VEPROD 
INSERT GETK,SEQFIL,FIJ,MICR0,RATH2 

TABLE 14.1. 
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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 reiroved 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 w.lth : 

- 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 nunber 

10 

Message text 

no correspondance of names In file 

IPS or IPSM 

no correspondance of ML,MT,NGM or 

IHM in file IPS or IPSM 

crlticallty search incompatible 

with source problem 

criticality search by control rod inser

tion and thennohydraulics 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 ! IADIR put equal to 1 

adjoint flux calculation is necessary 
for transient 

control rod(s) not defined for crlti
callty search 

thermal compositions not correctly 

defined 

poison not found for criticality search 

Diagnosis 

error of file IPS for steady state or 

error of file IPSM for transient 

idem 

the user has put simultaneously ICRITVO 

and IPR0B=1 in the input data 

the user has put simultaneously NG=0 

and 1CRIT>0 and (or) ITFLUXrO 

the user has put simultaneously 

ISTEAD^O 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 ISTEADyo in the Input data 

the user has put simultaneously ICRIT>0 
ind 1BTOT=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 

compositions to be poisoned 

Action 

check file IPS (in steady state) 

or file IPSM (in transient) 

idem 

put ICRIT-0 or IPR0B-2 

check the value of NG; if cartesian 

geometry (NG»0) is really used, then 

put ICRIT<0 and(or) ITFLUX-0 

check the value of IPROB; if source 

problem (IPROB-1) is really used, 

than put ISTEAD-0 

the code put automatically TADIR 

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^O; if not,change ICRIT 

check the numbers of the compositions 
coupled with thernohydraullcs 

check the number of poison mixture 

(«-ICRIT) or the numbers of the com

positions to be poisoned 

CD 



11 coolant not found In poisoned composition 

1? poison not homogeneous In the coolant 

13 more than ? compositions are found in a 
control rod zone 

14 control material not found In a control 

rod zone 

15 inverted control rod 

16 no moving control rod for criticality 

search 

17 criticality is not possible 

18 incorrect fuel mixture 

19 movement of control rod and thermo-

hydraullcs 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 composition defined as the control 

composition is not found in a control 

rod zone 

the control material are located in the 

lower region of the control rod zone(a) 

criticality search is not possible be

cause all the control rods are defined 

as fixed 

the control rod insertlon(s) or the dl 

lution fraction of poison 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^O 

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 rod 

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 

IROD and(or) ITFLUX-0 
œ 



20 

21 

22 

23 

24 

25 

26 

automatic micro time step control and 

error control for amplitude 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 pseudo-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^O 

the user has put simultaneously ICER^O 

and NEWMAX or NEWT(K)=1 

a control rod Is moved outside its zone 

convergence for power prediction with 

Kagonove's nethod is not reached after 

20 Iterations 

convergence for pseudo-eigenvalue with 

generalized Newton method is not reached 

after 30 iterations 

error in file NFO 

convergence for Initial estimate of domi

nant eigenvalue is aot reached after 50 

Iterations 

put IEXTR-0, ICER-ICMP-0 or 

IEXTR-1 and ICER and(or) ICMPr0 

put ICER-0 or increase the value of 

maximum number of Newton-SOR itera

tions (NEWMAX or NEWT(K), K-l, 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

tions in routine FORME (fixed to 30) or 

increase the convergence criterion on 

the snape functions at each Newton-SOR 

Iteration in each roacrostep (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 

estlaate of the fundamental eigenvalue 

(fixée to 50) in routine EIGVAL 

or Increase the convergence criterion 

(fixed to 10* ) in routine EIGVAL 

CD 
0> 



27 no convergence for calculation of 

dominant eigenvalue 

28 no convergence in function RNU 

29 GAUSS detected an 111 matrix 

30 non positive definite matrix for 

Cholesky's method 

31 asked record out of range In file NFO 

32 volume fraction out of range 

33 variable mixture not found 

34 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 is not reached after SO 

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 Is not correctly addressed 

the volume fraction of a variable mixture 

governed by a driving function is 

< 0 or > 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 SO) in rou

tine EIGVAL 

or Increase the convergence criterion 

(fixed to lo" ) in routine EIGVAL 

Increase the maximum number of iterations 

(fixed to 50) or increase the convergence 

criterion (fixed to lo" ) in function RNU 

many causes are possible : Investigate 

more deeply the reason of failure 

check the finite element mesh grid and 

the cross-section values 

check file NFO 

modify the corresponding driving function 

check the specifications of the variable 

mixtures 

Introduce fuel Isotopes 

CO 



101 card 'END' expected 

102 card 'ENDPM' expected 

103 card 'ENDPC'expected 

104 card 'FEWGRP' or 'LIBRARY' expected 

105 card 'ENDP' expected 

106 card 'SS GENERALITIES' expected 

107 card *SS GEOMETRY' expected 

108 card 'SS LAY OUT' expected 

109 card 'SS CONTR.RODS' expected 

110 card '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 ca.ds '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 if NREAD=1 

or error in input data of the equivalent 

preprocessing if 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 between cards 

•ENDPC' and 'FEWGRP' or 'LIBRARY' 

check the input data between cards 

•FEWGRP' or 'LIBRARY' and 'ENDP' if 

NREAD-1 

or check the input data of the equi

valent preprocessing if 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' 



card 'SS NUCLEAR* expected 

card 'SS CONVERGENCE' expected 

card 'SS ENERGY' expected 

card 'SS EDITING' expected 

115 card 'SS END' expected 

card 'US GENERALITIES' expected 

card 'US TIME INTEG' expected 

card 'US NUCLEAR' expected 

card 'US CONTR.RODS' expected 

card 'US CONVERGENCE' expected 

card 'US EDITING' expected 

error In Input data between cards 

•SS LAY OUT' or 'SS CONTR.RODS' or 

•SS NUCLEAR' 

error In Input data between 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' 



Error number Message text 

201 number of allocated components for 

vector 'XNAM' Is Illegal 

202 vector 'XNAM' yet created 

203 number of vector exceeds 'NIDX' with 

vector 'XNAM' 

204 number of allocated components In 

vector A exceeds "IL" with vector 'XNAM' 

205 number of deleted vectors is Illegal 

206 dynamic allocation vector Is empty; 
vector 'XNAM' does not exist 

207 vector 'XNAM' not yet created 

RELATED TO THE DYNAMIC ALLOCATION 

Diagnosis 

the number of components of vector 

XNAM is < 0 

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 Is created, the number 

of components allocated In the dynamic 

allocation vector A exceeds the dl,tension 

IL of vector A 

the number of deleted vectors in the dyna

mic allocation vector A is < 0 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 is 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 of the number of compo

nents N of vector XNAM in IDL0C (N.'XNAM') 

suppress the exceeding statement 

IDL0C(N, 'XNAM') 

Increase the value of NIDX la the dvnamlc 

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) 

si-ppress the exceeding statement 
IDKILL('XNAM') or IDCXNAM') 

suppress the exceeding statement 

IDKILL('XNAM') or ID('XNAM') or create 

at the right place vector XNAM by 

IDL0C(N, 'XNAM') 

vo 
O 



ERRORS RELATED TO THE PREPROCESSING DERIVED FROM MULCOS 

Error number Message text 

301 too many mixtures 

302 mixture title not found 

303 

304 

305 

306 

307 

308 

309 

310 

mixture number out of range 

mlxtui • n° NX was already defined 

too many isotopes In mixture n° NX 

mixture n° NX Is not defined 

error In mixture data 

too many compositions 

title 'xxxxxxxx' 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 thr- definition 

of mixture n° NX 

modify the mixture definition in order 

to respect the limitation of 30 iso

topes for each mixture 

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—f 107.0 

check the value of the number of energy 

groups or reduce It if necessary is 



311 number of Isotopes for multigroup 

library nay not exceed 40 

312 number of collapsing spectra out of 

range 

313 composition n° NX is not defined 

314 isotope 'xxxxxxxx' of composition n° NX 
not found in the library 

315 Isotope 'xxxxxxxx' of composition n° NX 
not found in the list of isotopes given 
for collapsing 

316 fixture n° NX not found 

317 mixture n° NX not correctly defined 

318 Isotope 'xxxxxxxx' of mixture n° NX 

not found in the library 

319 isotope 'xxxxxxxx1 is missing in 
composition n° NX 

the number of Isotopes Is > 40 check the value of the number of iso
topes or reduce it if necessary 

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 is 

incorrect 

mixture n° NX dees not exist in any 
composition 

error in the definition of mixture n° NX 

Isotope 'xxxxxxxx' does not exist in the 

library 

incompatibility between the definition 

of composition n° NX and the definition 

of the mixtures of composition n° NX 

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 list 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 o° NX and 

those ones related to the definition 

of the mixtures of composition n° NX 

to 
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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 = 1 : 3teady state problem with an independent multigroup 

source 

= 2 : eigenvalue value steady state problem, i.e. with 

calculation of k ,. 
eff 

- NG = 0 : cartesian geometry in the x-y plane 

= 1 : axisyiranetric geometry 

- ITPLUX = 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) 
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IBTOT = 0 : control rods are not considered 

> 0 : control rods are considered for steady state and/or 

transient calculations 

IADIR = 1 : only dire t steady state problem is required 

= 2 : direct and adjoint steady state problems are required 

ISTEAD = 0 : steady state calculations are not followed by tran

sient calculations 

= 1 : steady state calculations are followed by transient 

calculations 

IROD = 0 : transient is not induced by core material movement 

> 0 : transient is induced oy control rod movement 

< 0 : transient is induced by homogeneous variation of compo

sition (s) 

NPREC = 0 : delayed neutrons are not considered for steady state 

calculations 

/ 0 : delayed neutrons are taken into account in steady state 

I 
::OBETA = 1 : for transient calculation, the values of the 6. are 

l 

I 
= 2 : for transient calculation, the values of the (v„ 6.) 

X- 1 <5 

given for the delayed neutrons 

for transient calculation, the 

are given for the delayed neutrons 

- NGM : number of energy groups 

- NGU = 0 : no upscattering 

/ 0 : upscattering is considered 

- NEXEC = 0 : the execution begins by calculations with the equiva

lent preprocessing 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, NZ : 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 

- NDG = 1 : bilinear polynomials for the flux approximation 

= 2 : biquadratic polynomials for the flux approximation 

= 3 : bicubic polynomials for the flux approximation 

- ICHEB = 0 : the power method is used in steady state for the 

eigenvalue problem 

= 1 : the power method with Chebyshev acceleration is used in 

steady state for the eigenvalue problem 

- INTERP = 1 : interpolation of the fundamental mode and an arbitrary 

mode e for the amplitude functions 

interpolation of mode e " and e for the shape 

functions 

2 : interpolation of the fundamental mode and mode e 

for the amplitude functions 

double interpolation of mode e " for the shape 

functions 

3 : double interpolation of mode o * for the amplitude 

and shape functions 

IEXTR * 0 : no Burlish-Stoer extrapolation for the amplitude 

functions calculation 

= 1 : Burlish-Stoer extrapolation for the amplitude functions 

calculation is required 

ICER = 0 : no error control for the amplitude functions 

= 1 : error control for the amplitude functions is required 
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- ICMP = O : no automatical control of the micro time step size 

4 0 : automatical control of the micro time step size is 

required 

- ICMAP = 0 : 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 

- IPROl = 0 : no printing of intermediate results of the preproces

sing derived f'on MULCOS 

= 1 : printing of intermediate results of the preprocessing 

derived from MULCOS is required 

- IPR02 = 0 : no printing of final results of the preprocessing 

derived from MULCOS 

= 1 : printing of final results of the preprocessing derived 

from MULCOS is required 

- ICROS = ö : no printing of the cross-sections 

= 1 : printing of the cross-sections is required 

- IPRINT = 0 : 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 i.. given 

points 

4 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 ajlocation vector A (see appen

dix 6). 

where CM is the total core memory 

(CM) is the fixed contribution 

(CM) is the variable contribution 
v 

(CM) = 960 kbytes 

(CM) = (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. If 

IL is not large enough, an error message will be printed out and it 

is necessary then to increase its value. As indication 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 problem of section 19. 

CPU time for preprocessing + steady state : + 20 sec. 
„ , . (on IBM 370/168) 
CPU time for transient : + 50 sec. 

Hence CM = (CM). + (CM) 
f v 
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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 : 

r? « VD 7* - E t d> + Y _Ü>(l-6)vZ , <t> , + ^"*) Z , d> , 
vg 3t g vg g *g *9-^T 9 9 g T ^ 9 + 9 V 

+. TX1 \. C. 
—TKq 1 1 

1 

3Ci Q f 

jr= - h ci + 3 i ^ • 
9 

1 tr where D = ——- with Z = macroscopic transport cross-section 

g in group g 

The boundary conditions are : 

îîi i s ! 
3n 0.71 *g 

I. Temperature equation : 
3T ~ -

pc -JT£ - q (t) - q (o) 

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

7.347 IQ"12 f cal -
0.33S V ^ 2 g 'v +2

 v 2g *g d V [S^ ] 



3. Feedback equation : 

3ïg i 300 . . . . 
-—- = a -=- i = capture, fission 
3T g T 

Data 

1. Cross-sections [cm n 

f 
VEg 

c 
Eg 

f 
Eg 

^ g ' 

t 
Eg 

tr 
Eg 

group 

1 

2 

1 

2 

1 

2 

1-+2 

1 

2 

1 

2 

regions 1&2 

0.007457 

0.011069 

0.001484 

0.007939 

0.002520 

0.00384J 

0.002085 

0.006089 

0.011779 

0.1838 

0.3655 

region 3 

0.000835 

0.000328 

0.002355 

0.008551 

0.000303 

0.000135 

0.003598 

0.006256 

0.008686 

0.2399 

0.4157 

region 4 

0.0 

0.0 

0.004821 

0.028639 

0.0 

0.0 

0.003101 

0.007922 

0.028639 

0.1670 

0.3643 

region 5 

0.0 

0.0 

0.000013 

0.000101 

0.0 

0.0 

0.001294 

0.001307 

0.000101 

0.0646 

0.1212 

2 * 5êH££2D-SES££Eâ_âD§_DSïï££2S-YSi2^îïiS5 

group 

Xg 
i 

Xg 

1/v 

1 

1.0 

1.0 

1.851 10"9 

2 

0.0 

0.0 

1.088 10" B 

v[cm/s] 



3. Precursor garameters 

100 

Precursor 
family 

I 

2 

3 

4 

5 

6 

Bi 

0.81 10_lt 

6.87 10_lt 

6.12 lO"1* 

11.38 10_l1 

5.12 lO"4 

1.70 10-1» 

l 

0.0129 

0.0311 

0.134 

0.331 

1.26 

3.21 

4 . Data for_temgerature_calculat ion 

p = 9 .0 g/cm3 

C = 0.07 c a l / g °K 

T(t=0) = 1000 °K 

5. Peedback data 

Type 

capture 

fission 

Group 

1 

2 

1 

2 

i 
a 
g 

3.4376 10"8 

2.2759 10"6 

2.1677 10"9 

2.8906 10"7 
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6. Additional data 

The initial configuration is exactly critical, deviation from the 

exact value k = 1.0 is eliminated by dividing the fission 

cross-sections by k , and the initial precursor concentrations 

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 obviously 

THERMO, which was adapted accordingly. It is 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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1 

40
 

cm
 

—
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3 

i— 40 cm — * 

Figure 19.1. : Reactor configuration 



103 

Input data for the sample problem 



O'O 
O'O 
O'O 
O'O 
O'O 
O'O 
O'O 
O'O 
O'O 
O'O 
O'O 
O'O 
O'O 
O'O 
O'O 

io-tnéii O'O 
O'O 

TO-10WC 
IO-M*ff ' f 
•O-MOIO'T 
OO MOOO'O 
•M-MOlO't 
00 MOOO'O 
00 MOOO-O 
00 MOOO'O 
00 MOOO-O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 lOOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO-O 
00 MOOO'O 
00 MOOO'O 
fO-MIOT'f 
00 MOOO'O 
00 MOOO'O 
00 1*1*0'I 
00 MZéO't 
zo-Ktori 
00 MOOO'O 
ZO-MfOf'I 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 

00 lOOOO'O 
00 MOOO'O 
00 lOOOO'O 
00 lOOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 lUOOO'O 
00 MOOO'O 
00 MOOO'O 
00 lOOOO'O 
00 MOOO'O 
00 MOOO'O 
oo loooo r 
00 lOOOO'O 
ft MOOO'O 
I O - M l f é ' I 
lO-lOIM't 
f O-M/ ***l 
00 1004 i'O 
fO-MOOC't 
00 MOOO-O 
00 MOOO-O 
00 MOOO-O 
00 lOOOO'O 
00 MOOO-O 
00 MOOO-O 
00 MOOO'O 
00 MOOO'O 
l>0 MOOO'O 
JO TOOOO'O 
DO MOOO'O 
'JO lOOOO'O 
00 MOOO'O 
00 lOOOO'O 
00 lOOOO'O 
00 MOOO-O 
00 MOOO'O 
00 MOOO'O 
00 MOOO-O 
00 MOOO'O 
00 MOOO'O 
00 10000*0 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
TO-MOtO'f 
lO-MOlO'f 
SO-MZH'4 
no MOOO'O 
f * - M l » ' * 
00 lOOOO'O 
00 lOOOO'O 
00 MOOO'O 
00 MOOO-O 
00 MOOO'0 
00 MOOO'O 
00 lOOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO'0 
00 MOOO'O 

l'O 
O'O 
O'O 
l'O 

O'O 
TO 

00 MOOO'O 
00 MOOO'O 
00 MOOO'O 
00 MOOO ] 
00 MOOO'l' 
00 MOOO'O 
OU MOOO'O 
lo-ioatfi 
OO MOOO'0 
«0-MOSS'l 
00 112*7 I 
00 I U M ' ! 
fO-M*t*-t 
«O-MOM't 
I M O W I 

OO MOOO'O 
OO lOOOO'O 
00 MOOO'O 

'l'O 
O'O 
l'O 

O'O 
O'O 

«0-JOtiJ't 
00 30000*0 
OO MOOO'O 
•Mt-M«**'i 
*0-U*.~»'l 
*0-3t«*T< 
00 MOOO'O 
00 MOOO'O 
00 MOOO'O 

O'O 
0*0 

vo 
1*0 
1*0 

•M-M-NO'i 
o-o 

ft-MOM'( 
OO WHO t oo mto-t 
ZO-ÜZIT-I 
zo-Mtart 
zo-üurt 

0001 M 

00 MOOO'O 
00 MOOO'O 

i'O -

o 
00 MOOO'O 
00 MOOO'O 
00 M-tOOI 
00 Ml'OO'O 
00 MOOO'O 
00 MCOO'0 
00 MOOO'O 
00 MOOO'O 
00 10000-0 • 
00 MOOO'0 
00 MOOO'0 
*0-MOfO°f 

xo-toitxi 
10-104*1'l 
fO-M*7Z « 
W - N M t ' l 
tO-MOS*'Z 
00 MOOO'O 
OU MOOO'O 
M MOOO'O 
00 lOOOO'O 
00 MOOO'O 

'O 
'O 
'O 
•o 
'O 

£0-11X01-* 
00 30000*0 
00 30000*0 
f*0-3f«tO*t 
fO-3 f * t t ' t 

l 
'O 
'O 

l'O 

- ==--- " 
00 30000*0 
00 30000*0 

'O 
O 

'O 
f. 

SO-MOZS'Z 
10 -MMI' f 
t0-30»tS'f 
XO-IOMO** 
SO-XUSVi 
tO-MMM*» 
II 0001 0001 

't 
' I 
't 
't 

• 1 
C I 
Z I 
t t 

I US HOON» 
O Z * 
0 0 0 



o.ooooc oo o.o 
o.ooooc oo o.o 
O.OOOOC 00 0.0 
O.OOOOC 00 i.O 
O.OOOOC 00 O.O 
O.OOOOC 00 0.0 
O.OOOOC 00 0.0 
O.OOOOC 00 O.O 
O.OOOOC 00 0.0 

».«0IMSC«OOP.mi7*»«07 
1.0000! 00 O.OOOOC 00 
t 
1 i 

CM» 
w W S WOKCK > C I S 1 • STUDY STOTt «•* 

s s s o c M i m c s 
t O 1 I 1 1 2 
1 ZS 

SS OCOCTRV 
1 Z - i -7 

O.OOOOOC 00 1.00000C 00 1.000001 00 1.000001 00 
l.OOOOOC 00 2.U00M 00 Z.11000C 00 2.13000C 00 
O.OOOOOC 00 1.7M0K 01 2.M00K 01 7.UM0C 01 1.1517*1 01 
o.oooooc oo «.oooooc o i o.sooooi oi o.auooc oi t.uoooc 01 i.soooot *t 
1.70O00C OZ 
SS LAV OUT * 
t 1 1 1 7 
1 1 • z « 
s z s s t 
« Z i Z 1 
1 

ss c o m . ojQos 
3 Z I Z » 0 

SS NUCHA* 0 
2 0 1 » t 0 

SS CONVCMOCf. 
l.OOOOE-0* l.OOOM-0* l.OOOOC-OI O.OOOOC 00 

ss m w r I .07MC-U 
l.ooooe o« 

SS CDITINB 
t o o l s 
O.OOOOC 00 1.7000C 01 Z.MOSC 01 7.3J74C 01 1.1SS7C OZ 
O.OOOOC 00 «.OOOOC 01 S.SOOOC 01 1.500OC OZ 1.70001 OZ 

SS CM 
« M K H to n o u n i CASC i - T M N S U N T — 
us ccwiut rn ts 

1 1 l.ZOOOC-OZ 0.0 
US TTJC IMTCB. 
1 0 0 0 0 

15 
t.OOOOC-OS 2.00001-05 l.OOOOC-OS 1.10001-05 1.00001-05 l.OOOOC-OS 
l.OOOOC-OS l.OOOOC-OS l.OOOOC-OS l.OWOC-OS l.OOOOC-OS l.OOOOC-05 
2.00KC-03 «-OOOOC-OS ». OOOOC-03 

— • » » » « « • • * » « * • • * 
I S S S S S f f S I * * * * ! 

US NUCLCM 
t i l l 
l.ZWOE-OZ l.UOOC-OZ 1.3*001-01 S.J100C-01 1.IM0C OS S.tlOOC 00 
1.2*001-01 I.UOOC-OZ 1.M00C-01 1.31001-01 1.2M0C 00 3.21001 00 
S.100SC-01 ».»7WC-0» ». 1200C-O» 1.1M0C-03 1.1200C-O» 1.7000C-0* 
t.lOOOC-OS ». «7001-0* é. 1200C-*» 1.1SOOC-0S S.1200C-0» 1.7000C-0* 
l.OOOOC 00 O.OOOOC 00 

us c a m . nas 
. : l.OOOOC 00 -V.M07I 00 O.OOOOC 00 O.OOOOC 00 l.MOOC-OZ 

US COMMCJCC 
l.OOOOC-OS l.OOOK-OZ 1.00001-02 

ut c o m » 
0 0 1 
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Output results for the sample problem 
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mount t USE i - STEAIT STATE 

M W I I MOUIH i use i - mat STATE — 

STEM* STATE MOMJM IKOTIFICATION 

• IISCMVAU* n o t i m MTTMOUT CXXTICAUTY MARCH 

NOMMAI M M * » TM «ACTOR I l . M O O M W H 

* MUTSOWCS I S COUFllD « T H A TMEMOHYDRAUUCS M0OUU 

COHVEMEMCE CRITERION ON « F F FOR TMRHOHVDRAUUCS COUPLI» l.OOCOC-OJ 

TM FMFSOCfSSIM « S U I T S AM STtMO ON FILE AS 

N I M n OF TM COMPOSITION* l a r a T T I D TO THEMMVMAUl ies FEEMUCK I 1 
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• « • M M n •maint • ztat i - STUDY STATI 

• efOHjTncja. DATA • 

CYUMCOCAL « c n r m 

« r r n i s u i CONDITION I i 
•iswr U M U I CONDITION < z 

•OTTOM wucMin CONDITION > z 
TO» OOUBADY CONDITION ' Z 

0 > ZEM FLUC CONDITION 
1 — > WFLCcnvi CONDITION 
Z — > fXTMFOUTIO 'UK CONDITION 

MK* OF I 1X1 HOOfS IN») I t 
M M or z m NOMS IMZ I : 7 

«•» • 1x1 COOOOIHITES ton « 

0.0OOO0f*O0 1.700001*01 Z.MOOOf*01 7.337401*01 l.US74t*0Z 

• H z m coaauMUis 1011 •»» 

0.000001*00 4.000001*01 0.M000I*01 0.011001*01 *.1*0001*01 1. 300001*01 1.700001*02 

TYH Or TRf nNTTi f LtKZNTS POLYNOMIALS • DI0U40MTIC 

w o n or NODAL r/uuHnrx» : 117 

•AND HZDTM Of P.I.N. KATKICtS : Zl 

1 DON 2» MMDLOI > CAHt 1 CTfADY STATI 

MACTM LAY-OUT 
WM**mWNMHHHHMM* 

• • • • •MB** * * * * 
• z z z z z z z z z z z z t z z z z 
• Z Z Z 2 Z Z 2 Z Z Z Z Z 1 Z Z Z Z 
• ZZZ -. Z Z Z Z Z 2 2 2 2 Z Z Z Z 
• 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 2 Z 
• z z z z z z z z z z z z z z z z z 
• Z Z Z Z Z 2 Z Z Z Z Z Z Z Z Z Z Z 
• I Z Z Z Z Z Z Z 2 Z Z Z Z Z Z Z Z 
• Z Z Z Z Z Z 2 2 2 2 Z Z Z Z Z Z Z 
• 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
• z z z z z z z z z z z z t z z z z 
t i t t l l i l M t t l t l t t t 
• M l i ü l l l l ü l l l t t 
• 1 1 1 * 1 1 * 1 . 1 1 1 1 1 1 1 * 
• 1 1 1 * 3 S « 1 1 1 1 1 1 1 1 1 « 
i l l l i l l t l l l l l l U I * 
• 1 1 1 > 3 ! > I I 1 1 1 1 1 I H 
• 1 1 1 * 3 1 * 1 1 1 1 1 1 1 1 1 « 
• 1 1 1 > S I * 1 1 1 1 1 1 1 1 1 * 
» l l l * 3 3 * l l l l l l l l l * 
• i i i o i i i m i i i i i i 
• i i i * > > * i i i i i i i i i * 
• l i i ' i H i n i m i n 
• i i x n u n i i i i m 
• 1 1 1 * 3 3 * 1 1 1 1 1 1 1 1 1 * 
* 1 1 1 * 3 I * 1 1 1 1 1 1 1 1 1 * 
• l l K I H I l l l l l l l l i 
• 1 1 1 » 3 3 * 1 1 1 1 1 1 1 1 1 > 
• 1 1 1 » 3 3 * 1 1 1 1 1 1 1 1 1 * 
• 1 1 1 *••*••• l l l l l l l l l * 
• 1 1 1 * 4 4 * 1 1 1 1 1 1 1 1 1 « 
• 1 I 1 M M 1 I 1 1 1 1 1 1 I * 
• 1 1 1 « 4 4 * 1 1 1 1 1 1 1 1 1 * 
• 1 1 1 * 4 * * 1 1 1 1 1 1 1 1 1 > 
• l l l l i M l l l l l l l l l l 
* 1 1 1 » 4 4 * 1 1 1 1 1 1 1 1 1 * 
• i i i M t m i i i u n > 
• 1 1 1 * 4 « * 1 1 1 1 1 1 1 1 1 * 
• 1 1 1 * 4 4 * 1 1 1 1 1 1 1 1 1 * 
• 1 1 1 * * 4 * 1 1 1 1 1 1 1 1 1 * 
• 1 1 1 * 4 4 * 1 1 1 1 1 1 1 1 1 * 
• i i i i i K i n m i i i i 
• I I I M > I I I i l l i n n 
* 1 1 1 * 4 4 * 1 1 1 1 1 1 1 1 1 « 
• i i n n i n n i i i m 
• M i n n n i i m t i i 

i i n n n i n 
• i n n t n i n t n i i i 
• i t ü i i ü i n i i i m 
• ! i z ; i ; ; i ü i t i i i t l 
• t n ; i : : : M ! 1 M ! I 1 

• : n : : i : : ! I I 1 1 I I 1 1 

HI 
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* t t t t t i t i t i t t t t z t t t z z t i t z t i 

z üJJJl.l.lIJ.Lü.f.l.l.'J «ill.!.!, U.IJJ 
TM I U W B AM TM COMPOSITION M M t » 

TIC s n a o u s u* ommen TM U S I A L AMD AXIAL NDM POSITIONS 

NUHWR OF CONTSOL I 

> m m ï u c t m u n f m * • 17.00 en WD * • u . o s en 
HOVINE irncEM z • 40.00 01 AND z • uo.oc CH 
MTUl INSMtTiat : «f.00 Ot 
HUMCI OF TM ASSOSHNC COMPOSITION : i 
•or us» Fa* camcAimr suurat 

I CflHPOUTÏOMi 1MISUUUCSB ST TM CONTROL I 

M i i 

«M UH ZO PSOSLZM : CASI 1 - STIUT STATt 

• NEumcMC 0ATA 
• • • • • • • • • • • • • • • • • m 

turnt* OF D C M T saoups : z c NO UWCATTMIN» i 

M M V MUVIMK FM FISSION i I .07M«-U IJl 

FISSION SFKTM *************** 

I SPOUT I P*Óo>T "I~ MLAYtÖ I 
i MMS I SFCCTSUH j SPfCTRUN I 
• — — — « — - — _ — - . . . « _ — . . » — . . « 4 
I I I 1 M N K H i NOT OIVIN I 
I Z I O.MOOOCtM I NOT OIVtN I 
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• • • M M t» MCBUH > CAM 1 STEADY 3TATI 

> » • * • • • • * ! * * * < « * • « • • • « • • • • • • • • • • • » 

• • 
n • * 

o o o 
• • OL _ _ 
• • • t o 

m • • • 

o • • • 
n • 
• o • • !r t o o 

0 0 

• • 
>••*<« » > • * • » — • • » 

X T I R A T X O N H U H M I 

«5ÏÜÏ...5Ï!!*!!* 

coNvtRMNCt ctannioN ON « I F F > I . N O H - M 

cru T I W rod souci NATOX CALCULATION s o.o. sic 
Cru T IM: FOR F.E.M. MATRIX CALCULATION : 0 . 0 * « C 

JTIAATTO» NO a w t.M07tim>noi-oi «IFF COW. u n i.soiiots«*oo 4.7M71UU-0* < UFF < t.l3S1007U*0« 

on*» SIOMA isnrun : J.«««*SE-O» 
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TOTU PONM OF TW U C T H I NX I 1 . U 7 X I » » 

EMMY BLEAK OVl* TW MACaOSTEP iNJI 1 I.M40K0X 

na or Mcaosm 

S.tMZttOS 

TIM 
ISIC) IH 

t.OOOOOE-01 

t.xsooot-os 

f.MOOOE-OS 

«.7SOO0E-0S 

f.OOOOOE-OS 

tuns . 71 
xnrro.xa 
SUM*. M 

J 7 I t U . l t 

MMIS.Sf 

ccNvneoct otrrnxoM rm ram* • 
CONVMEfNCI CUTEUON F0* RCACnVTTV I 

l.OMNJC-Ot 
l.ooooe-ot 

OMVIIIOENCf «ATI FOR rai* 
CONVEMNCE (un m «EACTTVTTV 

7.f1771-0» 
t.0***f-0S 

INSERTED KAcnvTTY (»> s I .S«SK«OO 
FEEOOACK MACTIVrrY 1*1 > -«.«O27E-01 
TOTAL REACTIVITY 1*1 > «.SJ24C-01 

'II 
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* * * * * * * * * * * * * • •< 

• m a n Tim s n » m t 

*************** **************** 
* « H T O N - S S * m u n t * m i * ********************************** 

r u e sni> i 
n w STEP t 

• i i w m m w i M i M 
MEurmxc KSULTS 

• •« •« •«• • * • • • • •««• • 
ND) XMMST10M OF MB NI 1 • *.0t*MC*01 (CM) « m 

POWT-UMETICS P I U K T I B 

N S D K D S or m a n s r i r M I or mansTEP 

TOTAL MACTIVrrT (•> < 
EFFECTIVE DELATED NRfTWM FUCTKM • 
t c u n a t CCMIUTION ram i s t c i 

4.13241-41 
s.zoaot-es 

• .SS47E-01 
I.2O00E-OS 
t . n i N - O T 

OOHIMAMT EIKNVALUE l t t t - 1 ) 

n i e o n i m u n n H H M T M 

AMPLITUDE FUNCTIONS i S M U DntMPOLATION OF - FUNDAMENTAL K M 
- MM fXPI 0.0Of»0O»TI 

S U M FUNCTIONS 

-AMPLITUDE FUNCTIONS 

DOUDLE n n f a p o u n o N ar MOM EXPI O.OW«OO*T) 

•UKUJCN-STOEP EXTRAPOLATION PHCEOURX i s HOT ASKEO 
UTOWnCU HICII05TEPSI2X CONTMt IS NOT ASKED 
f «no» CONTROL FOR AMPLITUDE FUNCTIONS I S NOT « s u e 

MUMKi OF m a u s T t r s > » 
waCMBTEP VALUE ISfCI > Z.SSSOE-O» 

——«««#-. I HICROSTEP i «ROUP l 
I MUR I 

AHniTUDE 
VALUE 

I 1.IS72E«0Z 
I l.tSUEtOZ 

1.»0*«.02 
l.ZSMEtOZ 

I I . J JIM .01 
I 1.0S**E«0Z 

1.0S7*E*OZ 
ê.t*O*£*01 

AMPLITUDE VIUI IN 
AMPLITUDE VALUE IN 

DESMOND OF HJCROSTIP 

2.0S5zE«az 
l.MMWE'Ol 

OB OF mCWSTIF 

1 .057* «02 
t.Z*O*E»01 

SHAPE FUNCTIONS 

CONVtMENCI CUTtUON FOR SHAPE FUNCTION ITERATIONS 

ITCIUTION I CFU T M I TOTAL FOC* I COMVERSENCE I SROUP I PSEUDO- I POCR FUCTION 
MKR i i s i c ) i iHtrT) I uTt i mi* i EISEMVALUE I U > 

1 I O.M I l . S U 0 « f * l l I l .ME-02 I 1 I ».»**H-01 I " 7»"ÏÖ 
I I I I I I t.S**St»00 I 21.10 

— — » — « - - * — . - — « - • « » . . . - — — • — — • . . . — « . . . - — . « - — — — . . . . . . . . - « . „ — — „ — _ _ 
2 I 0.22 I l . S U t t f t l l I 7.JÎI-0* | 1 | ». «4*1-01 I 7(.tO 

I I I 1 2 1 ».»**5E.OO | 21.10 
. — „ — . « . . . . . . - • » — • « - . . * —*- - - • - - - . . . - — . -

m i W MLATIVt CHANBf OF TW SHAFf FUNCTIONS OVM THE HACROSTEP I 2.J715E-0Z 

TOTAL CFU n X USCO FOU SHAFf FUNCTION CALCULAT70N IN THIS NEMTOM-SOR ITERATION 

MSIfMIND OF F1ACROS7ÎP END OF HACROSTEP 

-TOTAL PONE* OF THE REACTOR I MX I I .M*2l«0f l.M*0E»0S 

ENEROY «LEASE OVER TM HACROSTEP IHJI 2.SJ22E<02 

II 
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M00SI-4I M M O . S * 

unsBt-s» isitfi.n 

TWmONVOSAULIC « S U I T S 

• i.ooow-at [«ci 

TDVfMTUK Ht TMi CO«t • l .UtfStfOS IStS. Kl 
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• «MT0N-90R m U T W ND t » 

T I » STEF t «.OOME-OI ISfCI 
TH* STEF • l.tOOOt-tt IKC) 

FDXMT-UMJTICS FARAHETUS 

MEDWINS OF HACHOSTEF DB OF matant 

TUTU. «ACTIVITY 1*1 
EFFECTIVE MUTED NEUTOM FRACTION : 
NEUTRON SENERATION TIME ISCC) 

V.SSME-Ol 
I.IOOOi-OS 
« . ! I M - < 7 

7.M7M-91 
I.ZO00E-OI 
*.Z«0E-«7 

DOMINANT EISENVALUE ISCC-11 *.*OUt«0S 

TBS DfTlRFOLATIOI FARAHATÏRS 

AHFUTUDE FUNCTIONS > SDOLC INTtSFOLATION OF - FUNDAMENTAL NOM 
- «ODE EXFI O.OKtOONT) 

SHAM FUNCTIONS > DOUBLE INTERPOLATION OF NODE EXFI 0.0OE«OO»Tl 

AMPLITUDE FUNCTIONS 

DURLISCH-STOM EXTRAFOVATION PROCEDURE IS NOT ASKED 
AUTOMATICAL NXCROSrEPSIZX CONTROL IS NOT ASXEO 
ERROR CONTROL FOI AMPLITUDE FUNCTIONS IS NOT ASUO 

HUHKR OF KtCROSTEPS 
KI005TEF VALUE I SEC) 

i • 
t t. 

MCMSTIP I 8R0UF I ANFUTUDE 

1 NSEN 

1 1 

1 t 

1 I 

1 * 

! 1 
• i 
i t 

: ; 

i ! 

1 VALUE 1 

1 l .*»K«OZ | 
1 1.*II1E«0Z 1 

1 1. « 4 S I «02 1 
1 l.lUOEtOZ I 

1 1.1BSS140Z 1 
1 «.ZIMttOl 1 
I S.SWM.01 I 
1 t . t H U « l 1 

AMPLITUDE VALUE IN 
AMPLITUDE VALUE IN 

KSIHKM OF HACROSTEP 

Z.OSSZEtOZ 
1.A0NEOZ 

END OF HACaOSTEF 

• .UWC «01 
t.tWIZtOI 

SHAFE FUNCTIONS 

CONVEMENCE CRITERION FOR SNAFE FUNCTION ITERATIONS > l.OOOOI-Ol 

ITERATION 
NMR 

CPU TINE | 
ISCCI 1 

1 1 ° W 1 
Z o.zs i 

i 

TOTAL FONER 
INATT) 

1 . S 5 2 1 5 I . i l 

l .SSZ9SE«U 

i 

1 
1 

CONVERGENCE 
RATE 

9.071-OS 

l . L H - O » 

• R O U P I 
rOEA 1 

l l 
t 1 

l 1 
t i 

PSCUOO-
EIBENVALUE 

1.000SE*00 
t.éOSMtOO 

l.OOOSE.OO 
2.»0fttf<00 

FONER FRACTION 
I Z I 

7 S . M 
21.0» 

7».n 
21.04 

NAXINUN RELATIVE CHANSE OF THE SNAFE FUNCTIONS OVER THE HACAOSTEF : 1.270*1-Ot 

TOTAL CFU TINE USED FOR SHAFE FUNCTION CALCULATION IN THIS NEHTON-30* ITERATION 

SESINNINB OF NACROSTE» 

TOTAL FONI* OF TNI REACTOR IWI J »»»21«0* 

-ENER8V RELEASE OVER THE HACROSTIF IHJJ 2.A7tal»0Z 

END OF MACROSTEF 

1 . S 3 2 W 0 S 

III 

http://S5215I.il


m* MOT 152 
•ate) two 

MMd.J* 

unu.o 
zrtzn.m 
f lUU.77 

iMun.m 

COWTMOCC ODTTnON R » M*«« 
COMMUCI canMxoN mi «ucnvm • 

i.ooooi-o; 
i .» 

CIMMSflCE U T I RH K M * 
C O M K O C Z nn ran *ucnvmr 

I.SOIQE-41 
7.0t77t-«t 

1.0000f-Ot IMC) 

TOKMTUK » TW OME : 1.M11U«S (MR. Kl 

MJBY K L U » IN TM COC > t.5*MZf«0* I J l 
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« NDOOM-SO* i m t n c N 

H a n t a * ar nton TBC S I D • 
os ar Nktao ram sn» i 

« . M O O E - U i s c i 
l.OOOOf-*» I S t C I 

H v r m c «SUITS 

M w r - u i m a M u u r a n » 

•f S&MNB er HAOUSTEP n a or tMcaosnr 

TOTAL «UCTtVITY 1*1 > 
EFFECTIVE M U T E D WUTKM ntcnm > 
tCUTMN OENUATIOM TDK tSICt I 

f.SSME-tt 
I.20001-OS 
«.ttME-ar 

t . i t s t t - o i 
J.20OOE-0S 
« . m o t - « 7 

DOMINANT i n m t U I I t K - l l l.tMIItCO 

TDK OntUMUTION MMHATtltt 

AMPLITUDE ruNcnaM • s o u mrLvaunoM or - FUNDAMENTAL MDN 
- K M (WI O.MftOOaT) 

SHAF* FUNCTIONS > SOUDIS mrarcjiTnn or i 

AMPLITUDE FUNCTIONS 

: DO>l S.00O00«T> 

•URUSCM-4T0M EXTUPOLATION PMCIDUH I S WT A3XID 
W n W T K A L MKSOSTEFSIZI CONTROL IS HOT ASKED 
ESROR CONTROL r o t AMPLITUDE F U C T I O N S I S NOT ASKED 

MJNSER Of WCPOSTEPS ' « 
ncaosTcr VALUE isto • t. 

I mCROSTEP | MOUT I AMPLITUDE 

I men i 

l i l i i i.a*o««ox l 
1 I I I 1 . « S M *0t 1 
1 t i l ) l . * M H « O Z 1 
i 1 t 1 i.to*i£«ez 1 
1 S 1 1 1 1.2244E«02 1 
1 1 2 1 • . M * « « 0 2 1 

1 4 1 1 1 *.1USE«01 1 
1 1 2 1 7.109M401 1 

AMPLITUDE mur. m avoir 
AMPLITUDE VALUE IN OROUP 

•f BBMns ar maornr 
t,0U2fCt 
1.MMOK02 

Da or rwcaosTir 
V.USMtOl 
r . i o M i t o i 

SHAH FUNCTIONS 

OOMVERSENCE CRITERION FM SHAPE FUNCTION ITERATIONS > 1 .000M-0S 

1 ITERATION I CPU TIME I 
1 NKR 1 ISICI 1 

1 l I 'n I 
1 2 1 0.21 1 
1 1 1 

TOT/IL roe* 
IN»TTI 

l . é Z S S S E t l l 

ï .tzassKU 

1 C0NVER9ENCE 
1 RATI 

| 2.77E-OS 

1 1 . 7 * 1 - 0 » 

OROUP i 
NMR i 

2 1 

2 ! 

PSEUOO-
EISENVALUE 

1.000*1.00 
I.S*SM«OO 

l.OOOM.OO 
I.OTOM.OO 

1 POHSR FRACTION | 
1 1X1 1 

! 7 S . « l 
I 2 1 . 0 * 1 

1 7S .»1 | 
1 2 1 . 0 » 1 

MAXIM* RELATIVE CHANBE OF TM SHAPE FUNCTIONS OVER TM HACROSTEP : 2 . W I E - 0 2 

TOTAL CTU TIM UMI FOR SHAPE FUNCTION CALCULATION IN THIS MHTON-tOR ITERATION < 

MS1MNJNB OF MACROSTEP END OF MACROSTEP 

TOTAL rOMM OF TM MACTO* (FMI ; J.éttZI'Of l.*2SM»05 

-ENERST «LEASE OVER TM HACROSTEP IFUI > 2.7202E*02 

III 
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9.M009t-tS 

*.tMO0t-05 

V.HOM-01 

O.THOaC-i'I 

x.oonM-ct 

S M * a . « * 

snnt.w 
I7U1I .7 I 

tlMCS.41 

i M W . a 

CaMVEIJOCC aUTMXON FOI M M * 
«Nvt «nee a m n a i FO* «ncnvrr» • 

UTE PW K M I 
«*it ren KkCTXvrrr 

i.onu-ot 
1.14*71 -01 

THEIMMrnUUUC BSW.TS 

l.MOM-Ot ( « C l 

tDPCMTUM IN TIK COW > l . *M*t f«01 IBM. 

DCWT mUtU» IN TM COM > t.MTXU«0t IJ ) 

III 
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TIM STIF i * .SOMC-tt IStC) 
TIM STIF : 1.0MOE-M ( S K I 

MUTMNIC «SUITS 

PUNTHUMTICS m w i m 
MSXNMMOF HACROSTEP END OF HttCROBTt* 

TOTAL REACTIVITY i»i 
EFFECTIVE MUTED NEUTRON 
NEUTRON «NEUTIOM TIM CMC) 

« . D M E - O l 
x.tgoot-oi 
• . I W f - 0 7 

t .U*3E-« l 
I.tOOOC-OS 
».»«a-«7 

DOKIHAHT EIOENVALUE CSEC-ll V.40UE4O* 

T I M INTERPOLATION PARAMATE» 

AMPLITUDE FUNCTIONS • 

SHAPE FUNCTIONS I 

AWUTUK FUCTTONS 

INTERPOLATION or 

INTERPOLATION OT WOE EXPI O.OOE4O0MT: 

FUNDAMENTAL HOBE 
NCDE EXPI O.OOC400«T> 

SURLISCH-STDER EXTRAPOLATION PROCtOURC IS NOT ASKED 
AUTOMATICAL n C K B T E P S i a CONTROL IS NOT ASKED 
IBM» CONTROL FOR AMPLITUDE FUMCTiatt I S NOT ASKED 

(USER OF H1CROSTEPJ I * 
MCROST'P VALUE ISECI > i . 

1 «CROSTER I «ROUP I «t>UTUM 

I NKR I 

I l.UWC«OI 
I I.«MW«OZ 

l . S 4 ! U « 0 t 
1.1MOE402 

i . i :*At»ot 
V.«MIE 401 
i .*MM»01 
A.TW2E401 

AMPLITUDE VALUE IN 
AMPLITUDE VALUE IN 

t f UNNXNg or HACRORTEP 

t.0MZE«Ot 
1.M80E402 • .W0H4O1 

SHAPE FUNCTIONS 

CONVERMNCE CRITIRICN FOR SHAM UNCTION ITERATIONS ' l.OOME-OS 

• — . 4 4 . . . . « . . „ 4 4 _ — . . . „ _ _ . . . . _ . « . . . r * 
I ITERATION I CPU TIM I TOTAL POM» I CONVEROENCl I (ROUP I PSCUOO- I FOMER FRACTION I 
I MM* I ISEC) I CMATT1 I RATI I NKR I E1MNVAIUE I (Z> I 
4 . . . 4 . . . . . . . . 4 . - . 4 - — . . . 4 » 4 - 4 
I 1 I 1 . 0 9 | l . * 0 1 J J € * l l I 5 . 1 * 1 - 0 * | 1 | 1.MXMC400 j 78 .M I 
I I I I I I I 1.HAOE.00 I 2 1 . 0 * | 
4 4 4 4 4 4 4 4 

MAXIMUM RELATIVE CHANOt OF TNI SHAPE FUNCTIONS OVER THE HACROSTEP ' S.OSlOf-02 

TOTAL CPU TIM UMD FOR SHAPE FUCTION CALCULATION IN THIS NtHTON-JOR ITERATION ' 1 . 0 * ISEC) 

MSINNUS OF NACROSTfP 

TOTAL POME! OF THE REACTOR INN) > t.Uttt*0% 

(NEROY RELIAS! OVI* THE HACROSTIP IFUI ! t .707*E40t 

END OP HACROSTEP 

1.A01IE40S 

HI 
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isfci inti 

9.00MM-4S SttMS.i* 

t.aomc-ai tn i t t .u 

t . 7 M M f - U U * » « . » 0 

1.00000f-«I 1 M U I . U 

COWfMBCt CUTMIGN F N F M * i l.OOOM-at CWVIHOCt UTt FOK FOM i l . t r a t - U 
c a w o n cuTiuoN FOB «âcnvrrv i i.ooooc-az cawtwcc u n rm «ACTIVITY . I.OIKC-OI 

TMRHMVOIUUUC «SUITS 

TUC • i.noof-oz <stc> 

TDWUTUB IN TW COB ' l.MK*f*OS (DU. Kl 

MUST M U M » IN TM COM > M I H t f i N IJ) 

III 



• macro*, mr NO » • 
M M » « ****** » * * » » * * » * * l l * * * * * * * » * » 
»••••••••*••»•»•*»•*»•••*•••* * »•* * 
* MDtTOM-SOR ITERATION M) t • 
» •« • • • •+—••« • • • • • • • • • • •» • • • • • •» • • 

I1M1 STEP 
TIH1 SUP 

•.OO0OE-OS l l tCI 
t.ooaoE-ox (Sic i 

NEUTRONIC RESULTS 
• • • • • • • • • • • • « « « • • • a 

•eiMT-KDCTICS P U M T I B 

•eazwoNS OF NACRCSTEP 

TUTU. REACTIVITY < * l 
EFFECTIVE OELATED fCUTRON FRACTION 
NEUTRON SENEUTION TDfl ( S C O 

t.BWj-n 
S.2O00E-OS 
«.mu-or 

• .unt-oi 
s.nwoEH» 
* . t * t t t - 0 7 

DONDUMT tlOENVALUE ISEC-1) t • .«OUEtOO 

n m INTERPOLATION PARAHATMS 

«•PLXTtM F U N C T I O N S > SXNBLE INTERPOLATION OF - FUNDAMENTAL HOOE 

- NODE EXPI 0.0OE*0O*T> 

SHAPE FUNCTIONS > DOUBLE INTERPOLATION OF MOK DO>l S.OOtMKMTI 

AMPLITUDE FUNCTIONS 

•URUSCH-STOER EXTKAP01ATI0N PROCEDURE I S NDT A S R » 
AUTOMATICAL NICROSTEFSUZ CONTROL I S NOT ASKEO 
ERROR CONTROL FOE AMPLITUDE FUNCTUS I S NDT ASUD 

M I M R OF HICROSTEPS : * 
FQXRuSTEP VALUE I SEC) s E. 

I HXCSOSTW I B W 

1 MM» 

1 1 

1 2 

1 S 

1 « 

1 

! 

i 
i 
i 

MM* 

1 
E 

1 
t 
1 
t 
I 
t 

1 
-•— 

1 
1 

1 
1 

1 

VALUE 1 

l.AIKCH» 1 
l.*S7«E*0i 1 

1.5*ME*0! 1 
l.tOSSE«Ot 1 

l.ZMlftOt 1 
*.**1K«01 1 

•.02»tE*01 I 
7.0ZMO01 1 

AMPLITUDE VALUE IN 
AMPLITUDE VALUE IN 

•EBDMNBOF HACROETE» 

Z.OSSEEtOE 
l.AMOftOZ 

END OF KACHOSTIP 

• . 0 f * Z E * 0 1 
7 . 0 Z » E * 0 1 

SHAPE FUNCTIONS 

CONVERSENCE CRITERION FOI SHAPE fUNCTION ITERATIONS i 1.00OOE-OS 

ITEUriON I CPU TIHI I TOTAL PONE* I CONVERGENCE i «ROUP I PSEUOO- I PONER FRACTION I 
MIER I I H C ) I IHATT) I «Alt I NMR I IISENVALUI I 1X1. I 

I 
l.tOTOOOll 

I 
4.71E-0S I 1 I l.O0O»E»OO I 78.Tl I 

I I I Z.07ME«00 I Î1.0" | 

MAXIMUM RELATIVE CHAMJE OF THE SHAPE FUNCTIONS OVER THE RACROSTEP : J . 0 5 7 7 1 - 0 1 

TOTAL CPU TINE USED FOR SHAPE FUNCTION CALCULATION IH THIS NEHTOH-SO* ITERATION 

WOIMUMB OF HACROSTEP 

TOTAL PONER OF THE REACTOR (MM) J . t » t Z I * O S 

EMERSV RELEASE OVER THE HACROSTIP IHJ) I I . 7 1 1 « t O Z 

END OF HACROSTEP 

l .MtOEtOS 

III 
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M44ZS.lt 

HM**.*» 

Z7IM0.4* 

Z17277.U 

COWI—MLE « m n e N FM ram* < 1.1 
CCMWIKKHCC CUTEUM FOU «EACTÏVm • l.OOOOC-Ot 

U T t FM rot* 
U T t FM M1CTIVTTY 

A.TtAAt-al 
1.7O4W-05 

DBCCTIB «ACTIVITY I t ) : 1.7tStf«00 
mixta REACTIVITY it) : -t.sotoc-ai 
TOTAL «ACTIVITY I t ) : t . l l K E - t l 

N I H M A C H O T I M E » T E F 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • F 

• E S I N N I H S OF A 

« • • • • • • • • • • • • • • • • • « • • • • • • • • • • 1 P » » F • • • • • • • • • • • • • 

«LECTION rase rm HACKS TIME *n* i TUC *TW FTWD til TME USE» 

iwcao TUC STCF VALW > i.ooow-o> ISEO 

VAUr.S FMPICTED »V THE KACAHDVE ICTHOO i 

(SnHATtO FCME» AT TM END OF THE NEM HACWSTIF > •.TJÎ4E.0» IFMI 
ESTIMATED EMM6Y MLEAU OUUNB THE N1N MACHOSTIF : t.H4ÎE«01 IHJI 

III 
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T I C M M r S U U U C MSULTS 

TIM s I.IOOOE-O: ISK) 

TDMMTUM Dl ' • t l . U n i H O T IMS. K) 

; COS > *.MtI0C««7 U I 

« MACHO TXIC STIP ND 7 « 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

• NEKTON-SOP. ITIIUnON NO 1 

K S D M t N O Or WCK) W M STIP : 1.0000E-Ot ( S f C ) 
END OT MCXO TIME STEP i 1.10OOE-01 ISCCI 

NEUTKiaC MSULTS 

POXMTHIXNETJCS PUUMTEKS 

NEH INKftTJOM Of «00 ND i s » . 0 U J W « 1 ICH) MM 

MBINMINB or M A M M S T T » END or M C M S T E P 

TOT»l « E M T m T Y (»P 
E f n c T i v E D i i»Y i r Ï U T H O N r u c T i O N 
NEUTRON BENIlunON ilHE ( « C I 

a.izeze-oi 
S.ZOOOE-OS 
*.2*22E-07 

•.7(711-01 
J.ZOOOE-OI 
4.2920E-07 

00HSUNT flWNVALUE I H C - 1 ) 

TINE INTIWOUTIOM PaUIUTEM 

M P L X n n c r u c n o s 

SHAPE FUNCTIONS 

—«HPllTUOt PUNCTI0N1 

SINM.E INTEaPOLATION Or - PUMDUCNTtL HOOI 
- NOOE IXPI 0.00E«0O»T> 

DOUBLE INTEEPOUinON Of MOOI I>3>< O.OOt.OO«T) 

•UILISCH-STOCP. EXTtAPOUTION PROCtDUM tS NOT tSXEO 
urronmeti NJCMBTIPSIZI CONTROL IS NOT «SUED 
ERROR CONTROL FOK AMPLITUDE FUNCTIONS I» NOT ASKED 

_ * * • € « or mcposTiPs < * 
•MICROSTEP VALUE ISEC) l t . KOOI -O» 

>ll 



mat I 
1 
1 

1 
1 
1 

1 

1 1 

t 1 

I 1 

* 1 

1 1 ».1U*E*S1 
t 1 S.tWMtOl 
1 1 «.1*071.01 
t I S.*k«5E*01 

1 1 S .MUKOl 
t 1 I.OUXEtOl 

1 1 S . l tMftOl 
t i t.*7ItC*01 

1 

1 
1 
1 

1 

« t i m i K VALUE IN 
AMPLITUDE VALUE IN 

•cemaNB or MACWSTCP 
•-ottzt«oi 
T.oxsaftoi 

CM or inciaRr 
LUASEtOl 
X.4712E «01 

SHAPE FUNCTIONS 

: CRITERION rat SHAPE FUNCTION m n n a e • l.oooof-os 

l m i u T i o t 
1 NKR 
i l 

1 i 

cm T U C 
IMC) 
O.M 

0.21 

1 
1 

1 
1 
1 

TOTAL ram* I 
<H»TT) I 

f .»7*7K»10 I 

S.*7*StE«10 1 
1 

c m v u m u d I 
(ATI 1 

S.UE-OZ 1 

i . O B - M 1 
1 

NKR 

1 
> 
1 « 

1 

1 
1 
1 

PSEUDD-
nsCNVALUi 

1.00011*00 

1.0OOOK00 
- » . t w « « o o 

1 
1 

1 
1 
1 

MNI* FMCTIM 1 
IZ) 1 

T*.*S 1 
«1.07 | 

t l . 0 7 I 

HAXINUH RELATIVE CNANSi OF TW SHAPE FUNCTIONS OVE* THE MCROSTEP • Z.SU3E-0> 

TOTAL CPU T H USE0 FOP. SHAPE FUNCTION CALCULATION IN THIS NEMTTM-«I ITEUTIGN 

HSntONB 0? HACROSTEP 

-TOTAL PONE» OF THE REACTOR INN) I l.M«OE*OS 

EMERSY RELEA4E OVER rHE HACROSTEP IHJ1 I t.SMOKOl 

END OF HICROSTEP 

S . * 7 M E * 0 * 

TINE 
ISEC) 

' 
1.00000E-«t 

l.OZSOOE-Ot 

l.osoooE-at 

l.OTSOOUt 

1.10000E-M 

POMER 
INN) 

——— 
IMS**.** 

l U N i . H 

• • I 20.51 

W U . N 

U741.2J 

III 



Ill 

nie • i.uatt-ti lacci 

TfflPEUTUK IM TIC CM» 

EMEUS* M L E l S t » TW O 

• l . t U T I E t O S < K 0 . «,) 

> * . U S Z Z f « 0 7 I J I 

• MACHO TIME STEP MO 7 » 
«••••••••••••• •••«•«••••••••••••* 

• MEKTW-JOK ITERATION MO I 

• C O H K I M OF HACK* T i t » STIP > l . O M M - o t ISECI 
(NO OF MACK) TIME STEP > 1 . 1 0 M C - M I SEC) 

MEUTIKNIC HSULTS 

POIMT-UMITIC3 M M t C T E B 

I f EIMMXM» OF MACMSTIP END Of HACKBTf P 

TOTAL «ACTIVITY l » l 
erFEcnvi MLAVIO MEUTKM FEACTION 
MEUTE» eCNEUTIOM TIM I MCI 

• .12S2E-01 
I.20D0Ë-0J 
* .2«22£-07 

• . « H E - 0 1 
J.2000E-OI 
«.2SF7E-07 

DOMINANT EICCMVALUE I S E C - I I 

m IMTMPOLATION FAEAMATIES 

AMPLITUDE FUCTIONS 

SHAPE FUNCTIONS 

AMPLITUDE FUNCTIONS 

SINOU INTEEPOLATION OF - FUNOAMiMTAl MDOt 
- MODE EXPI O.OOEOOoT) 

DOUBLE INTERPOLATION OF MDOE EXPt O.OOE'OOiTI 

•UUISCH-STOE» EXTKAPOLATICM mCCEOUPE IS NOT AWED 
AUTOMATICAL «CPOSTEPSIZI CONTROL IS NOT ASKED 
E M M CONTROL FM AMPLITUDE FUNCTIONS IS NOT ASKED 

MUMMR 0 ' HKROSTEPS 
KZCMSTEP VALUE I SEC) 

I 4 
' 2.SO0OË-9» 

I WCROSTEP I MOUP I AMPLITUDE I 



v s u c 

1 1 1 1 1 t.MOZKOl 1 
1 i t i S.UZOf*! 1 

1 t i l l *.MME«01 1 
1 1 t 1 ! .HmKl 1 
1 1 i 1 1 S.tMK«01 1 
1 1 t 1 S.OMOE«01 1 

1 « 1 I I I.ZZ*JE«01 I 
I i t 1 Z.MSZKCl I 
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i m m n VALUE m 
AMPLITUDE VALUE m 

M s u n n s or mcaosriR 

*.OZtZE»01 
7.0Z3*E«01 

S . t M K r t l 
z . m u t o i 

SHAPE FUNCTIONS 

CONVERSENCE CRITERION FOI SHAPE FUNCTION ITERATIONS : 1 . 0 0 0 0 f - O J 

1 m n i m 
i « n 

1 V 

1 z 
l 

CPU TSC i 
(SIC) 1 

. .« j 
o.zz 1 

1 

TOTAL FOC* 
(H»TT) 

f .7*4tH«10 

i . 7 * * n i « i o 

1 CONVERGENCE 
1 M T f 

1 1.1K-0S 
1 
1 5.KE-4» 
1 

i t a » 

i i 
1 t 

l i 
i t 

1 
i 

1 
l 
i 

PSEUDO-
CISENVAIUE 

1 . 0 0 O M » 0 0 
- l . t Z M E M M 

1.00ME*OS 

-i.ttofte 

1 M l FRACTION 1 
1 1X1. 1 

1 nfi ! 
1 Z1.07 I 
1 7 1 . » | 
i a . » 7 i 

NUCOtM RELATIVE CHAMSC OF TW W F I FUNCTIONS OVER TW ItACRDSTIF i Z.011ZE-OZ 

TOTAL o u r u e IBID FOI SHAPE FUNCTION CALCUUTION m n o s MENTCH-SOH ITERATION • 

K6DMNB OF HACROSTEP 

TOTAL FOB* OF TW REACTOR (MO I l.MMOttOC 

—CHEROY RELEASE OVER TW NACROSTEP i n j ) ' t.MOTEXU 

Bt) or IUCROSTEP 

S.7**4E»M 

TIK 
(SIC) 

——-
l.OOOOOf-Ot 

î.ozsooE-et 
1.0MOOE-0Z 

1.07MSC-OZ 

1.10OOOC-Ot 

row» 
IHNI 

—— 
I M S * * . * * 

1U9E7.AO 

•tcoo.sa 
AMZI.7» 

S744I.M 

OMVHOENCI CRITERION FOR POMR < 1 . 0 0 0 0 E - 0 Î 
CONVERHMCE CRITERION FOR «ACTIVITY I l . M M f - S Z 

ONVERCENCE RATE FOR POCR 
COKVEROENCf RATE FOR REACTIVITY 

i . z i**f -ez 
« . • ioet -03 

III 
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T9C • l . iaœt-flt ISK! 

Tiwtunai m ntc i 
ommt mxitaa m i 

• i . t u t x x i i m . m 
• •.l»U7l»07 IJ) 

• • • • • • • » • • • • • • • • • • • • • • • • • • • • • • • • * • 
• meao i m STIP NO r . 
4**4****************************** 

• NMTOM-SO». mUTlOM • 1 • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4 * • • 

KciMQNB or m e n TIME STEP I i.ooo«-oi m e i 
CND or m e n m e STEP •• i.iooof-02 i s t o 

xfurarac nsuiTs 

mMr-UMmes PUUICTOS 

KSIWOM OF mCHOSTIP OB OF MCMBTtP 

TOTAl M4CTTVITY K l 
EFFECTIVE OEUTED NEVTKCM FUcnON 
NEUTIWN ctNfiunoN n i e 1 wc 1 

B.UUt-Ol 
J.2000I-OJ 
• .J«2E-07 

S.2000E-OJ 
*.M»M-07 

oomNwrr EISCNVIUJI isfc-11 

nia iNTi>M»noN FUUHATTPS 

SINM.E INTfUFOUnON Of - fUNO«FCNr«l HOOf 
- MODE EXPI O.OOE'OOTI 

•FFIXTUK FUNTIONS : 

H U M n f c n a m : M U L E INTMPOUTION OF MODE EWI o.ooe»oo«T) 

IMPUTUBE FUCTION* 

•UILISCH-STOE» exnuFounoN HOCEOUM is MOT ASKtb 
«urowneu HIC»OSTEPSI2| CONTKOL I S NOT UXEO 
EMOP. CONTKOl FOU MFUTU» FUNCTIONS IS NOT iSKEO 

NUHM* OF «CIKST1PS 
KICKBTIf VM.UE CSICI 

KKKBTIF I OKOUP I «VLITUDf 



1 

1 
1 

1 
1 
1 

1 

M U 

1 

t 

1 

* 

1 

1 
1 

1 
1 ! 

1 

M l 1 

1 
1 

1 
1 
1 

1 

VALUE 

».H47t««l 
S.lSltEttt 

*.tt*JI*01 

i . m i t n 

S.*1HE«1 

s.o*in«i 
s ttaoïtoi 
Z.4f**f«01 

1 

1 
l 

1 
i 
1 

104 

«RPUTUM VALUE IN 
W U I W VALUE IN 

MSDWINB OF « m i » 

*.oz4tf*ei 
T.ozJaz«ei 

EMS OF m o u n t » 

S.ZtOOftOl 
t . t m i M i 

SHAPE FUNCTIONS 

C O W B D C I cunuoN rai SMWC FUNCTION ITERATIONS > i.ooooc-os 

I ITERATION I CPU TIM I TOTAL POM* I 
I m i n I (SECI I (NATTI I (ATE 

I 0ROUP I PSEUDO- I N M I FUCTIOH I 
I MM* I (IKNVAUC I 17.1 | 

*.7J70M»10 1.O0O4C-O0 
-1.7»H€»O0 n.ra 

f 1 . 0 7 

MJGMJM RELATIVE CHAWC OF TM SHAPE FUCTI0J6 OVER TNC MCaOSTEP ' Z . 0 U 7 E H W 

TOTAL CPU T I M USCO FOR SHAPE rUCTZON CALCULATION Of THIS NENTOM-SOR ITERATION I 0 . H ISZCI 

KBTMONS OF HACROSTEP 

TOTAL POMR OF THE REACTOR INN) I . M t O E t O S 

EMRST «LEASE OVER TM NACROSTEP ( « J I * . M 7 X * 0 1 

ENS OF MCRBBTEP 

l . 7 S 7 S E « 0 » 

TIM 
«SECI 

1 .00000E-4Z 

1.0ZS0OE-0Z 

1 . 0 M 0 O E - 0 t 

1 .07MOE-0Z 

» .100OOF-0i 

CONVERSfNCE CRITERION FOR POMR I 
CONVERGENCE CRITERION FOR KACTIVTTY S 

l . M O M - O Z 
i.eoooc-02 

coNVERortcE u n FOI P O M R 
COMVERCEHCE RATI FOR RCACTTVXTV 

l .SUtE-03 
S . U M f - 0 * 

INSERTED RfACTIVITr («I ' l . M M t i M 
FEEDSACX RflCTIVITV ( » l : -l.OMJE'OO 
TOTAL RE1CTIVITY 1*1 : I . S 2 M E - 0 1 
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• ( • i N N i a a o r a N C M m n o T I M I « r i r 

scLECTION K M roa wean m c n o > roc *rw roco av TMI mat 

m a n TOC s n r vaut • i.ooMt-«3 < 

VUJUES MUICTTD BT TIB US1HDVC ICTMOD : 
rsTowTn rcrc» n m m or m m WCMKTCF • *.Mtu*o» imi 
CSTOUTtD OCWT «LEASE CUCDS TMt MW MCaOSTE» > ».7>*U«01 IMJI 

TMRMHYMUULIC «SILTS 

î .nooc-ot este) 

TDMMTUOT Dt THE COM : 1.M1ME<0J (M«. HI 
tmwrr «LEASED IM THE con • «.«7siw»07 u i 

II 
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T M STIP t l . l M i - t ! ISICI 
nm sTV ' i .mti-o> m i 

Mn DonmOH OF DOS » t > 

mMT-UMTTICS MUMTIB 
HtMow orwcaomr om or mcmmr 

TOTAL ««cnvmr u t 
irricnvc «ELAVIS wurm 
w i m n oDCurtoH m a ISKI 

t .anit-oi 
S.ZOOOE-OS 
t . O M 4 7 

l.OMtEtOS 
J.IOOOt-OJ 
*.t»m-97 

7 . H M W 

Tn« nnrarouTitM u u u i n n 

« r u r a l FUNCTIONS i srasu w n r o u n n or - ruwAPKHru. m e 
- mot BOM o-ooKooiri 

< onau « i M u i m or NON DO» o.Mttooari 

—«HPUTUK FUCTZONt 

•UIUSCM-STOCI txnuajcnm mociouw i s NOT «SUD 
AUTOMATICAL KtCMBTEPSZZE COMTMN. I S HOT ASKEO 
aam co/mot m ANPUTUM FUCTIONS IS NOT ASUO 

_Mifs« OF locarstm 
-raesosn» vaut i xc i • t . 

1 fUtMSFlP 
l min 

l * 
i 

» — — . - . 
I * 

1 O M 
1 NHS 

1 1 
1 l 

1 1 
1 t 

1 1 
1 t 

TT 

i 
i 

i 
i 

i 
t 

• • -

i 

AMPLITUDE 1 
VALUE 1 

1.74041*01 1 
t.iuutn i 
>.S77M»01 1 
l .«4«JE«01 I 

I.S27SE401 | 
l .MOSEtOl 1 

1.01*21*01 1 

AHPLITUM VALUE IN 
AMPLITUDE VALUE m 

KBIIMXNB OF HACaOSTtP 

S.ZtOOf*01 
2 .*«t4E«01 

no or monsTir 
I.4H4H01 
t.O]4ZE«01 

SHAPE FUCTIOMS 

CONVflWJCf eWTEIIION PO* StUPf FUCTION ITIIUTIONS 

1 i n u n o N i cru n u i TOTAL POWP. I C O W K B E N C I i « t o u r i PSEUOO- I POME* FrutcncH l 
1 MM» 1 ISIC) 1 IKATTI 1 u n 1 MUR 1 EISENVALUE 1 IZI I 

1 1 i o n i » 47îî4t<îô i T .MC-ÔÎ i I i ï ü i i i - ó ï i n.'<ü i 
1 1 1 1 l i l -7.17WC.00 | tl.OS I 
1 t 1 0 . » 1 4,.*7tSéE«10 | t.lJI-O» | 1 | «.«««Hi-Ol | 7». n 1 
1 1 1 1 I I I -7.17Mt.0C 1 21.05 1 

NAKIHUM tELATIVE CMAMDE OP TW SNAK FUMC 1CMS OV» TIC NACMSTEP ! l.O0tU-Ot 

TOTAL CPU TIM UMO 'O* SHAPI FUNCTION CALCULATION IK THIS NCKTON-SO* ITEUnCW : 

fisimiME or r u n o s n p 
-TOTAL r o e i or rui WACTOH IHMI tmonot 

EMtMV KILEASE 0Vt« IHt HACnOJTEF INJI * .A172t>01 

Ere or FIAMOSTTP 

A.47E4E.0» 

'M 

http://-7.17WC.00
http://-7.17Mt.0C


TIM 
ISfCI 

1 .10001 91 

i.iuoet-M 
l .UOOM-et 

1.17M0f-«Z 

i.nooof-ot 

fOMR 
IKMI 

— 
m n . a 
wm.77 
«f OM. 07 

«M17.M 

« 4 K S . » 
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TMERMOMYMUUUC MSUI.TS 

l.IOOOC-Oi I S f C I 

T f H W U T U I f I N T M COM < l . é C l * U « O J COfS. KI 

fNMSY « L U H O IN THE CORE > * . t M 1 4 f » 0 7 I J ) 

III 
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• mem ra* mr m • • 
t M I H H M W W t H M H m t t W W 

I » « ! • • • • » • • • • • • • • • • • • • • • • • • » » • • — • 
• MB»n»t-so« n r o n m N» t • 
• • * • • • • « * • • • • • • * • • • • • * » • « • • • • • • • • • 

i iM STEP 
roe STEP 

î . u o o f - o t m c i 
1.1000I-U ISECI 

NEUTHMIC H3ULTS 

raurr-uwTtcs PAMMETEB 

M B D M D S or HACJKBTIP D B or MACSOSTEP 

TOTAL KAcnvrrr i»> 
EFFECTIVE DELATED NEUTMN FRACTION • 
H U T M N OENEMTOM T D C ( S I C ) 

• . * t t « - 0 1 
I.ZOOOt-0] 
* .»ME-«7 

l.DOSOEtOO 
i . tooot-os 
•.ZS7K-07 

DOONANT EIOENVAU» tSfC-lt 

T O E INTERPOLATION PARAMTEIB 

AMPLITUDE FUNCTION* i «HOLE WTtKPOLATIW OF - FUaAMENTAL HOM 
- moe DOM g.MC«oo>r> 

SHAPE FUNCTIONS 

AMPLITUDE FUNCTIONS 

DOUDLE w n a n u T i a i or root ixri o.ooEtwwn 

DUHUSCH-STOE» ExnuroLATiON PROCEDURE I S « T ASUO 
AUTOHATICAL KICMBTEFSI2I CONTROL IS NDT « 1 9 
EMM CONTROL FOK AMPLITUDE FUCnONS IS NOT UUO 

NUHKI OF NZCHOSTEPS 
KUROSTEP VALUE ISECI 

I « 
I I , 

HICROSTtP I «ROUP 

III 

1 

I 
i 
! 

1 HMR 

L 1 I 
1 t 

t 1 1 
1 t 

1 1 1 
1 t 

> 1 l 

1 
••— 

1 

1 
1 
1 

• • -

1 

VALUE I 

t.7tt*E«01 1 
t . l iSGE»! 1 

Z.S7tlE«01 1 
l.MMXtOl | 

t . i tSM'Ol 1 
l.MUE«01 1 

t . i m w i 
f.OS10E<Ol 1 

AMPLITUDE VALUE IN «KOLT 
M F U T U K VALUE IN I 

•EOINHDR) OF HACMSTEP 

1 .2*001«01 
t .**MEM>l 

Of) OF HACROSTEP 

I . A1ME «01 
Z.OllOEtOl 

SHAPE FUNCTIOMS 

COHVERBENCE CRITERION FOP. SHAPE FUNCTION ITERATIONS : 1 .00001-03 

i r t u n o N l cru n n c i TOTAL foutu i CONVEHOENCE I BROUP I PSEUOO- I POME* FRACTION 
NMR I I U C ) | CIUTTI I UTE I NMP I CI0CW1LUC I {Zr 

i i o . n I *.iéss7E<io i z.zM-oi i i i i .ooomoo i " n'.n 
I I I I I I -Z.05»M«£K> | 21.OS 

. . . . . . . . . . . . . . . . . . — - _ * . - . . — . . — _ . . — « — . . . — - . . . - - * - - . . — . . « . . - . . — . . . . . . . . « . . . . _ . . „ - . _ _ . . 
z l o . i2 i ».MM«*u> l i M I - O » i i i ï .oooi i .oo i n . n 

I I I 1 2 1 -2.05451-00 | 21.01 
— — — 4 • ---- • - - — • * — . - • 

luoaitm RELATIVE CHANOI OF THE SHAPE FUNCTIONS OVEF. THE HACROSTÏP •• I . O » * E - O Z 

TOTAL CPU TIME USED FOR SHAPE FUNCTION CtLCULATION IN THIS NEKTON-UK ITIUTION 1 

M S I N N I » OF HMR0STEP 

TOTAL POHEP OF THE REACTOR I W I I » . f3701 «0» 

-ENtRSY RELEASE OVER THE HACROSF.» IMJl i « S l M E t O l 

END OF HACmsTEP 

* . M * M « 0 » 

II 



TIM 
IStCI 

169 
IH 

1. 

1. 

l . U N N « 

1.I7S0W-M 

l.IOOw... J l 

tnn.tt 
M 7 U . U 

4M07.1S 

OQNVEMCMCt CKJTIF.ION FC* PWE» 
CCWVEBEUCC CKITfUCM FOB tucnv iTY i 

CCMVEMENCE «ATI FOK H>«l 
CONVERGENCE RATE FOI REACTIVITY 

1.««SIC-01 
1.004AE-0» 

INSERTED «ACTIVITY I») i t.O*HE<00 
FEEDBACK REACTIVITY i » i : - I . O W S E M » 
TOTAL «ACTIVITY I » ) I l . N K C t M 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • I I 

• I S I N N I N S O F A M I N N A C t O T I M E W I P 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • i • • • • • • • • • • • • • • • • • • • • ••••••••••••••M 

SELECTION K M FOR HACK) TIM STEP" i TIM STIP FDCfO iY TM UMI 

MACRO TIM STIP VALUE • l.OOOOf-OJ I t i C ' 

VALUES PREOICTEO «v TM KASAMOVE MTHOO : 

ESTIHATID POK» AT TM CM) OF THI MN MACMBTEP t t . 7»JE«M IHMI 
ESTIMATED EMRSY RELEASE 0UUN6 THE «II HACMSTCP : t . lU«E«01 IHJI 

III 
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TDrtuTWf n na i 
H H KLUS» M 1 

• l.MUOfMS <Dt«. K> 

• l .MOMfXT IJl 

• • • • • • • • • • • • • • • • • • • • • « • * . . r******** 
• mtmm-soK ITEMTION K> I • 

MOTNMXHB or w c M nm tnr > 1.10001-02 I S I C I 
DS OT MOW TIM «Tl» s 1.5000É-02 ISECI 

• « • • • • • • • • • • • • • • • • s 

NEVTMNXC «SUITS 

MINT-KINETICS PUUMTHS 

ND< DOEIirZON Of «00 NO 1 S.»Séé«E<01 ICMI 

ueotam or (ttcmsTtr ENT or HwaosTir 

Toril mncTivrrY u i 
fffECTTVI MLIVED NEUTMN FMCTIOH 
NEUTIHM GENilUTION H * ISICI 

1.00101*00 
J.Z0OCK-0Î 
».2S7«-07 

1.11021*00 
J.ZOOOE-OJ 
» .Z«7tE-07 

MHVitHT EJSfNVALUI I S I C - l l 

TINE IHTOWOLMTON M1UIUTKS 

«WLITUM r u c n a m 

SHtn FiMcnoN> 

—uvuwm FUNCTIONS 

SINKf INTIIVOUITION Of - nfOWCNTlL NOOE 
- moe curi o.ooi»oo«ri 

M u u wrmrounoN or no» ixn O.OOE«OO«TI 

MMLiscH-sroE» E x n u n u n o N ructoun i s nrr anit 
•UT0H»nC*L MICMSTEPSIS CONTDOl IS NOT «SM0 
EMC* CONTMX. TM «PUTUDE rUNcnONS IS NOT «SKID 

„KUIMIt Of HICHOSTtfS I * 
•HICKBTtP V»LUS IMCI : Z.IOOM-M 



1 I U W W 1 wam 1 M F U T U M 1 
1 w n 1 Mia 1 w i n 1 

1 X 1 1 1 t .fSMIH)! I 
i I I I t .ttS4f«01 1 
! t i l l t.ZSMOOl 1 
1 I I I t . t t t t f * 0 1 I 

I X 1 1 1 I.«7*M*«1 1 
i i t i i .ooj«f«oi i 

1 « 1 1 1 *.M1*C*01 1 
1 1 I i 7XZMX1 1 
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«MPUTUOC VM.UI IN 
«HFUTUK VALUI IN 

M e m o s OF mcmoartr 
t.tiw«oi 
l.taiBftox 

D B OF mcMsrcp 
*.eti*c«oi 
3.7IZZI *01 

SIWC FUNCTIONS 

cowt i soc i atrmuoH FOÜ SMPC FUNCTION m u n i » > i.ooooc-o* 

I . n u n o N 
1 MM» 

1 l 

1 t 
i 

CPU TDC 
IKCI 
o . « 

o.zz 

1 TOTAL POPCR 
I IMkTT) 

1 I . H t M i t l l 

1 ( .HZMK10 
1 

1 cawERaocf 1 
1 «ATI | 

1 
1 
1 

Z.SZE-03 | 

a . o a - o » i 
1 

mo* l 
«BUI | 

1 1 
t 1 

1 1 
Z 1 

P S U D D -
CIBtMVAlU» 

• . * * 7 Z l - « 
l.M*Zf«M 

• . W U - 0 1 
i . « 4 z r « o a 

1 

1 
1 

1 
1 

FOM «ACTION 1 

7t.»7 1 
11.01 i 

7 i . t r | 
11.03 1 

HAXDUI H U T I V I CWNK OF TIC SMAPt FUNCTIONS OVM TW HACMSTEP > Z.04CIE-4IZ 
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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, PRINC1, SAVGFL, SBUCOM, SBURLI, SPACT, 

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 

Calls to 

Called from : PRIWAT, SPACE 

Objective : Calculation of the power density 
di stributions. 

Routine name : AINTER 

Calls to : EXM, UEXP 

Called from : 

Objective Computation of the values of the in
terpolation functions within a microtime 
st-?n for a given time. 

3» 

IVJ 



Routine name : AMPLI 

Calls to EXTRAB, MOVLEV, UEXP 

Called from 

Object iv/e Management 
amplitude 
step. 

of the cc 
functions 

Iculat 
over a 

ion of 
macro 

the 
time-

Rout ine name : BETAIL 

Calls to IWDAF (entry IRDAF), PINT1 

Called from SHAPIN 

Objective : 
I 

Computation of the 0^ values when the 
(\Jn &j)a values are given as input data. 



Routine name : BFISS 

Cal Is to : None 

Called from : BLNCE, DISFLU 

Objective Computation of the fission contribu
tion to the neutronic bilan in steady 
state. 

Routine name : BLEAK 

Calls to 

Called from : 

Objective Computation of the leakage contribu
tion to the neutronic bilan in steady 
state. 

—A 
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Routine name : BLNCE 

Calls to : BFISS, BLEAK, BSCATT, BSOUR 

Called from : DISFLU 

Objective Collection of the various contributions 
to the neu'cronic bilan in steady state. 

Routine name BSCATT 

Calls to : 

Called from 

Objective Computation of the scattering contri
bution to the neutronic bilan in 
steady state. 

* 



Routine name : BSOUR 

Calls to : None 

CaLled from : BLNCE 

Objective : Computation of the source contribution 
to the neutronic bilan in steady state. 

Routine name : BUFFER 

Calls to : 

Called from : CANDER, 
FEMAT3 
PR0DT3 
CANDER, 

FORME 
(entry 
(entry 

WDA) 
RDA) 

KM, S2MNH (entry CLOSE) 

Objective : Management of reading and writing 
operations on direct access device 
NFS. 



Routine name : CALCOF 

Calls to : 

Called from 

Objective Determination of coefficients needed to 
define the basis interpolation functions 
used in the FEM formalism. 

Routine name CALINT 

Calls to UEXP, XX 

Called from : PRIWAT, SHACOE 

Objective Computation of some integrals of 
products of time interpolation basis 
polynomials. 

• 



Routine name CANDER 

Calls to BUFFER 
IWDADI 
IWDADC) 
PR0DT3, 

(+ entry 
(+ entry 
, IWDAF 
UEXP 

CLOSE), 
IRDAD, 
(+ entry 

FEMAT3 
IROADI, 
IRDAF), 

IWDAD, 

Called from SHAPE, SHAPIN 

Objective Calculation of the precursor concen
trations 
reinit ia 
the next 

at the end 
Lization of 
macrostep. 

of a macrostep 
files NFO, NTM 

and 
for 

Routine name : CHSKYB 

Calls to : 

Called from : ADJNT,DISFLU, FORME, KINV 

Objective Solution of the FEM systems by the 
Cholesky method. 

3» 
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Routine name : CNP 

Calls to : None 

Called from : ADJNT, DISFLU 

Objective Calculation of the value of the 
Chebyshev polynomial of degree n at 
any point. 

Routine name COMCRO 

Calls to : 

Called from CR0S2D 

Objective : Calculation of the cross-sections and 
diffusion lengths for a given compo
sition. 

• 



Routine name : CRIPAT 

Calls to : FR46, FW46, LAVO 

Called from SPACIN 

Objective : Initialization of the layout and 
preparative calculations for criti-
cality search and for thermohydraulic 
coupling. 

Routine name CROSS 

Calls to : CR0S2D, FR46, FW46, LAYNEW, RODNEW, 
TEFEED 

Called from : 

Objective Determination of the cross-sections and 
diffusion lengths in unsteady state at 
each Newton-SOR iteration. 



Routine name : CR0S2D 

Calls to COMCRO, PRIC02 

Called from CROSS, RETRO, SHAPIN, SPACE 

Objective : Determination 
and diffusion 
positions. 

of the 
lengths 

cross-sections 
of all the com-

Rout ine name DATIN 

C a l l s t o RW, TRERR 

C a l l e d f rom : INPUTD 

O b j e c t i v e Reading of i npu t data and c r e a t i o n o f 
f i l e s IDP, IDS, IDD. 



Routine name : DISFLU 

Calls to BFISS, BLNCE, CHSKYB, CNP, DRVING, 
FEMAT3, SOURCE, SOURMX 

Called from : 

Objective Determination of the direct and adjoint 
fluxes for fixed neutronic and thermal 
configurations of the reactor in 
steady state. 

Routine name : DRVIN6 

Calls to : 

Called from DISFLU 

Objective Calculation of the driving factors in 
steady state. 



Routine name EIGVAL 

Calls to 

Called from : SHAPE, SHAPIN 

Objective Calculation of the fundamental eigen
value of the multigroup point-kinetics 
equations. 

Routine name : EXM 

Calls to 

Called from AINTER, FINTER 

Objective Calculation of 

w 



Routine name : EXTRAB 

Calls to : FIJ, MICRO, RATH2, SEQFIL 

Called from AMPLI 

Objective Calculation of the amplitude functions 
over a microstep with Burlish-Stoer 
extrapolation algorithm if desired. 

Routine name FEMAT3 

Calls to BUFFER (entry WDA) 

Called from ADJNT, CANDER, DISFLU, KM, 
SOURMX, S2MNH 

Objective : Calculation of the finite element 
matrices and vectors for a given 
energy group. 



Routine name : FIJ 

Calls to : 

Called from : EXTRAB 

Objective : Calculât 
elements 
quence. 

ion 
of 

of the 
a Burl 

product 
ish-Stoei 

of 
"' S 

the 
se-

Routine name FINTER 

Calls to 

Called from : INTI, MICRO 

Objective : Calculation of the values of the intei— 
polation functions within a macrostep. 



Routine name : FLUX2D 

Call s to : SPLRZ 

Called from PRIWAT, SPACE 

Object ive Editing of the fluxes and power den
sities. 

Routine name FORME 

Calls to : BUFFER, CHSKYB, IRDADI, 
IWDAF (+ entry IRDAF), KINV, KM, 
PR0DT3, S2MNH, TSOUR, WATT, XLQ4 

Called from 

Objective Management of the shape functions 
determination at each Newton-SOR 
iteration. 



Routine name : FR46 

Calls to : 

Called from : CRIPAT CROSS, RETRO, SHAPIN, SPACE 

Objective Reading of the neutronic properties and 
characteristics of the materials. 

Routine name : rW46 

Calls to 

Called from 

Objective : Writing of the neutronic properties 
and characteristics of the materials. 



Routine name : / f-45 

Calls tc 

Called from : PRINC2 

Objective : Creation of a file containing 
neutronic properties 
tics of the material. 
configuration of the 

the 
and characteris-
5 in the 
reactor. 

initial 

Routine name : GAUSS 

Calls to : 

C a l l e d from : j DRYING, KINV, MICRO 

Objective : Solution of linear algebraic system 
by Gauss elimination. 

oo 



Routine name : GETK Routine name : HIGNEW 

Calls to : Calls to : 

Called from : Called from 

Objective Calculation of coefficients used for 
the amplitude functions determination. 

Oojective Calculation of the new control 
positions or the new (joisoning 
criticality search process, anc 
fication of the related volume 

rod 
in the 
modi-
fTactions. 



Routine name INPUTO 

Calls to : DATIN, TRERR 

Called from 

Objective : Copy of the input data on file INF5 
and calling to OATIN. 

Routine name : INRZ 

Calîs to : 

Called from SPACIN 

Objective : Creation of the spatial mesh grid. 

o 



Routine name : INTAB 

Calls to : CALCOF, SPLINT 

Called from : SHAPIN, SPACIN 

Objective Tabu 
for 
ment 

lation of elementary 
the setting up of the 
matrices and vectors 

integrals 
finite el 

us 
e-
ed 

Routine name INTI ] 
Calls to : 

Called from PRIWAT 

Objective Calculation of the time interpolation 
functions for the power. 



Routine name IWDADI 

Calls to : 

Called from CANDER (+ entry IWDAD, IWDADC, IROADI, 
IRDAD), FORME (entry IRDADI, IRDAD), 
KM (entry IWDAD, IRDAD), PRIWAT (entry 
IRDAD) 

Objective Reading and writing on 
contains informations 
to the 
of '.he 

shape functions 

fi 
and 
at 

considered macro t 

le NFO, 
values 
the beg 
imestep. 

which 
relatée 
inning 

Routine name IUIDAF 

Calls to : 

Called from BETAI1 (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) 

Objective : Reading anri writing on file NFX1, which 
contains tne sha'e functions values in 
unsteady state for each energy group. 

ro 



Routine name : KINCOE 

Calls to IWDAF (entry IRDAF), PINT1, PINT2 

Called from : RETRO, SHAPE, SHAPIN 

Objective Calculation of the multigroup point-
kinetics parameters. 

Routine name KINV 

Calls to CHSKYB, GAUSS, IWDAF (entry IRDAF), 
PINT1, PR0DT3, TSOUR 

Called from 

Objective Calculation of the initial values of 
the Dseudo-eigenvalues used for the 
shape functions determination. 

04 



Routine name : KM 

Calls to BUFFER (entry CLOSE), FEMAT3, IWDADI 
(entiy IRDAD), IWDAF (entry IRDAF) 

Called from FORME 

Objective : Calculation of the source vectors of 
the mul+igroup shape functions equa
tions. 

Routine name : LAYNEW 

Calls to 

Called from : CROSS, SPACE 

Objective Construction of the thermal lay-out 
and modification of the material 
lay-out. 



Routine name 

Cal Is to : 

Crilled from 

: LAYO 

LAYOU 

CRIPAT, PR1 

Objective : OeLermination of some parameters used 
by LAYOU and calling to LAYOU 

Routine name LAYOU 

Calls to : 

Called from : 

Objective Printing of geometrical characteristics 



Routine name : MACAS 

Calls to : PRINC1, PRINC2, SHAPE, SPACE, YSART 

Called from 

Objective Constitutes the main of CA5" WORE 

Routine name MACON 

Calls to 

Called from : 

Objective : Determination of the uacro-time step 
value when automatical macrostep 
control is required. 

0> 



Routine name MICRO 

Calls to : FINTER, GAUSS, GETK, MOVLEV, VEPROO 

Called from : EXTRAB 

Objective : Calculation of the amplitude functions 
at a given micro-time step. 

Routine name : MOVLEV 

Calls to : 

Called from : AMPLI, MICRO, SHACOE, SHAPE, SHAPIN 

Objective : Transfer of a vector tp another one. 



Routine name F-INT1 

Calls to : None 

Called from BETAIL, KINCOE, KINV, RAU, XLQ4 

Objective Computation of 

for any energy 
section E . 

I«*l 
group 

1) I VlK,t)dÂ. 

and for any cross-

Routine name PINT2 

Calls to 

Called from : KINCOE, RAU 

Objective Computat 

h 
Tor any 

on of 

*;wc-
energy 

V.P(*|73 

group g. 

\K,t)dK 

oo 



Routine name : PINT3 

Calls to SPLRZ 

Called from HIGNEU, RODNEW 

Objective 
Computation of the factor - A defined 

in appendix 1 of C1D. 

Routine name POWPRE 

Calls to IWDAF <+ entry IRDAF) 

Called from 

Objective Reactor power prediction and flux shape 
extrapolation by means of a simplified 
point-kinetics model when thermohydraulic 
coupling exists. 

<0 



Routine name : PRICOH 

Calls to : 

Called from : SPACIN 

Objective Reading and printing of neutronic data. 

Routine name : PRIC02 

Calls to : 

Called from CR0S2D 

Objective : Printing of cross-sections and diffusion 
length^. 

o 



Routine name PRINC2 

Calls to : 

Called from : 

Objective Main of the simplified preprocessing 
module. 

Routine name PRITER 

Calls to 

Called from 

Objective Printing of iteration number in steady 
state and of the control material values, 

—» 
« 



Routine name PRIMAT 

Calls to : ADPOW, CALINT, IWDADI (entry IRDAD), 
IWDAF (+ entry IRDAF), FLUX2D, INTI, 
UEXP. 

Called from : SHAPE 

Objective Calculation and printing of the reactor 
power and power density distribution at 
given times. 

Routine name PR0DT3 

Calls to : BUFFER (entry RDA) 

Called from CANDER, FORME, KINV, KM, SOURCE, 
TSOUR 

Objective Calculation of the product of a FEM 
matrix by a vector. 



Routine name : PRI 

Calls to : IWDAF, LAYO 

Called from : SHAPIN 

Objective Initialization of some variables for 
transient calculations and from steady 
state results. 

Routine name : PVAR 

Calls to : 

Called from : FEMAT3 

Objective : Computation of 
a neighbouring 
finite element 
node i. 

the total contribution of 
node j of node i in the 
equation related to 



Routine name : RATH2 

Calls to 

Called from EXTRAB 

Objective : Set up a new line of the Burlisch and 
Stoer's extrapolation table. 

Routine name RAU 

Calls to : IWDAF (+ entry IRDAF), P1NT1, PINT2, 
WATT. 

Called from SHAPIN 

Objective : Computation of the initial k 
normalization of the adjoint 
initialization of 
tude functions for 

the shape 
transient 

eff value, 
fluxes and 
and 
cal 

ampli-
culations 



Routine name : READ1 

Calls to : 

Called from SHAPIN 

Objective : Reading of some nuclear characteristics 
and of the driving functions on tile 
IDD. 

Routine name RETRO 

Calls to CR0S2D, FR46, KINCOE 

Called from : SHAPE, SHAPIN 

Object ive : Calculat ion of the feedback r e a c t i v i t y 
in transient. 



Routine name RNU 

Calls to None 

Called from EIGVAL 

Objective : Computation of the fundamental eigen
value of F2_1 F1, where F1, F2 are 
specified matrices. 

Routine name RODNEW 

Calls to IWDAF (entry IRDAF), PINT3 

Called from 

Objective Calculation of tht new rod insertion in 
transient and modification of the relatée 
volume fractions. 

CK 



Routine name : RW 

Calls to 

Called from 

Object i ve Reading of input data on file INF5 and 
writing on file IPS, IDS or IDD, ac
cording to the case. 

Routine name SEQFIL 

Calls to : 

Called from EXTRAB 

Objective : Determination of a Burlisch-Stoer 
sequence. 

OJ 



Routine name SHACOE Routine name SHAPE 

Calls to : CALINT, MOVLEV, UEXP, XX Calls to : AMPLI, CANDER, CROSS, EJGVAL, FORME, 
KINCOE, MACON, MOVLEV, POWPRE, PRIWAT, 
RETRO, SHACOE, SHAPIN, SMAP. 

Called from : Called from 

Objective : Computation 
coefficients 
equations. 

of 
in 
the 
the 

shape 
shape 

function 
^unction 

Objective Constitutes the MAIN of the transient 
mod'ile - management of the unsteady 
sta\e calculations. 



Routine name SHAPIN 

Calls to BETAIL, CANDER, CR0S2D, EIGVAL, FR46, 
FU46, INTAB, KINCOE, MOVLEV, OPENMS, 
PR1, RAU, REA01, RETRO, SMAP, WTIT. 

Called from SHAPE 

Objective : Management of the initialization 
operations in unsteady state. 

Routine name : SMAP 

Calls to 

Called from : SHAPE, SHAPIN 

Objective Allocation of some parameters related 
to the time integration. 



Routine name : ! SOURCE 

Calls to PR00T3 

Called from : DISFLU 

Objective Assembling c 
to the total 
sion source 
nal source) 
rect and adj 

f the various contributions 
source in 

+ scatteri 
in steady 
oint probl 

each group 
ng source + 
state 
ems. 

for th 

(fis-
exter-
e di-

Routine name : SOURMX 

Calls to FEMAT3 

Called from DISFLU 

Objective : Organisation of th 
storage of the 
sources and of 

pro 
the 

each energy group 
the direct and adj 

e calculation and 
mpt and delayed fissior 
scattering source 

in steady state 
oint problems. 

for 
in 

•r-
o 



Routine name SPACE 

Calls to : ADPOU, CR0S2D, DISFLU, FLUX2D, FR46, 
FW46, HI6NEW, LAYNEW, PRITER, SPACIN, 
TEFEED, TRANOU (+ entry TRANFL), WTIT 

Called from 

Objective : Constitutes the MAIN of the steady 
state module-management of the steady 
state calculations. 

Routine name SPACIN 

Calls to : CRIPAT, INRZ, INTAB, PRICOM, WTIT 

Called from : SPACIN 

Objective : Management of the initializations in 
steady state. 



Routine name S PL 

Calls to : 

Called from : 

Objective : Cornputat ion of the values of the basis 
Lagrange functions at any point in a 
given element. 

Routine name : SPLINT 

Calls to 

Called from 

Objective Calculation of elementary integrals of 
the basis Lagrange functions. 

(V 



Routine name SPLRZ 

Calls to : 

Called from : FLUX2D, PINT3 

Objective : Computation of the flux at any point 
in the reactor. 

Routine name : SRID 

Calls to : 

Called from LAYNEW 

Objective Allocation of a given component of an 
integer array to a given value. 

U4 



Routine name S2MNH 

Calls to BUFFER (entry CLOSE), PR0DT3 

Called from : 

Objective Set up of the coefficient matrix of the 
linear system for the flux shape func
tions calculation. 

Routine name TEFEED 

Calls to : 

Called from CROSS, SPACE 

Objective Allocation of the mixture temperatures 
and densities in each composition from 
the thermohydraulic results. 



Routine name : THERMO 

CaUs to Thermohydraulic routines 

Called from : 

Objective Constitutes the main of the thermo
hydraulic module. 

Routine name : TRANOU 

Calls to : 

Called from : SPACE (+ entry TRANFl.) 

Objective : Writing of steady state results on 
file NFT for transient calculations. 

VI 



Routine name TRERR 

Calls to 

Called from : DATIN, INPUTO 

Objective : Printing of error messages for the 
input data. 

Routine name TSOUR 

Calls to IWDAF (entry IRDAF), PR0DT3 

Called from FORME, KINV 

Objective Calculation of the prompt and delayed 
fission sources in transient. 

o* 



Routine name UEXP 

Calls to : 

Called from : A1NTER, AMPLI, CALINT, CANDER, GETK, 
PRIMAT, SHACOE 

Objective Computation e for any x by putting 

e = 0 if x < negative bound. 

Routine name : VEPROD 

Calls to : 

Called from : 

Objective Computation of the product of a matrix 
by a vector. 

* » 
^ i 



Routine name : WATT 

Calls to : 

Called from : FORME, RAU 

Jbjective Computation of the reactor power in a 
given energy group. 

Routine name WTIT 

Calls to : 

Called from SHAPIN, SPACE, SPACIN 

Objective : Printing of titles. 

oo 



Routine name : XLQ4 

Calls 

Called from : 

Objective : Computation of the pseudo-eigenvalues 
used for the flux shape functions cal
culation. 

Routine name XX 

Calls to : 

Called from CAUNT, SHACOE 

Objective e~* - 1 
Calculation of and its 3 first 

derivatives. 

>n 



Routine name YSART 

Calls to • IUDADI, IWDAF (+ entry IRDAF) 

Called from : 

Objective : Reading and writing on NSAVE of the 
contents of files NCPL, NTM, NFX1, 
NADJNT, NFO. 

Routine name : 

Calls to : 

Called from : 

Objective 

o 
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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 = 1,(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 INF5 = 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 consents and the role is given 

for each 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 : DAT IN 

Type : sequential-temporary 

Object : the nodal flux Cor 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 NFTRIA). 

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, PRINC2, 

READ1, c3UCOM, SBURLI, SHAPIN, SPACTN 
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FILE NUM3ER 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 - NFBl; 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 
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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 : CK3KYB 

FILE NUMBER 15 

Name(s) : NFS 

L component(s) : 31 

Routine of number definition : DATIN 

Type : sequential-temporary 

Object : storage of the 'source' finite element matrices ifission + scatte

ring g' -*• g) in steady state. The matrices are stored group after 

group. 

Writing routines : FEMAT3 

Reading routines : PR0DT3 
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FILE NUMBER 16 

Name (s) : NFSF 

L component(s) : 33 

Routine of number definition : DATIN r* 

Type : sequential-temporary 

Object : storage of the independent source finite element vectors in steady 

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, NTM1, NTM2 

L component (s) : 26, 28, 29, 49, 66, 68 (26 -> NFB1 ; 28 ->• NFX1 ; 29 - NFX2; 

49 -> NFB3; 66 - NIM1 ; 68 •> NTM2) 

Routines of number 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, BFIS?, BLEAK, BSCATT, 

DIRECT, FLUX2D, HIGNEW, SOURCE, SRCADJ, TRANOU ,ADPOW 
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FILE NUMBER 18 

Name(s) : NFX1, NFXZ, NFB1, NFB3, NFKM 

L component(s) : 26, 28, 29, 40, 49 (26 * NFB1; 28 - NFX1; 29 - NFX2; 

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 function 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, HICNEW, SOURCE, SRCADJ, TRANOU , ADPOW 

I FILE NUMBER 19 

Name(s) : NFB2, NTM 

L component(s) : 27, 65 (27 - NFB2; 65 - NTM) 

Routines of number def ini t ion : DATIN, SHAPIN 

Ty_pe_ : sequential-temporary 

Object : in steady s ta te : contains the f i ss ion source f i n i t e element v e c 
to r s z F . J . (group after group) 

g' g g 

in unsteady s ta te : contains informations and values concerning 

the calcula t ion of the amplitude functions (with or without 

BURLISCH-STOER extrapolation) 

Writing rout ines : AMPLI, GANDER, SHAPIN, SOURCE, SRCADJ, YSART 

Reading routines : AMPLI, CANDER, POWPRT;, SOURCE, SRCADJ, YSART 



FILE NUMBER 25 

Name(s) : NCPL 

L component(s) : 60 

Routine of number definition : DATIN 

Type : sequential-temporary 

Object : storage of the thermohydraulic results (temperature and density 

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, THERM), TRANOU , ADPOW, YSART 

FILE NUMBER 29 
, 

Name(s) : NFX1, NFX2, NFB1, NFB3, NTM1, NTM2 

L component(s) : 26, 28, 29, 49, 66, 68 (26 •* NFB1; 28 - MFX1; 29 - NFX2; 

49 -> NFB3; 66 •* NTM1 ; 68 •* NTM2) 

Routines of number def ini t ion : DATIN, SHAPIN 

Type : sequential-temporary 

Object : in steady s ta te : ident ical to f i l e 13 

in unsteady s t a t e : contains the amplitude functions values a t 

each microstep in the considered macrostep, a l t e rna t ive ly at the 

l a s t and previous Newton-SOR i t e r a t i o n s . 

Writing routines : ADJNT, AMPLI, DIRECT, POWPRE 

Reading routines : ADJNT, AMPLI, BFISS, BLEAK, BSCATT, DIRECT, FLLTX2D, 

HIGNEW, PRIWAT, SHACOE, SOURCE, SRCADJ, TRANOU, ADPOW 



FILE NUMBER 31 

Name (s) : NFT 

L component(5) : 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 unsteady 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 
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FILE NUMBER 33 

Name (s) : NFS 

L component(s) : ol 

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 PR0DT3) 

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 : IWDADI (entry IWDAD, IWDADC) (called by CANDER), YSART 

Reading routines : IWDADI (entry IRDADI, IRDAD) (called by CANDER, FORME, 

KM, PRIWAT), YSART 
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FILE 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 NUMBTR 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. 



nrrr 

F i l e IDP 

A) Case of preprocessing derived from MULCOS (NEXEC = 1) 

Varlable(s) Format Def in i t ion 

_» record 

record 

record 

record 

ML,IPR01,IPR02 

record . . . . . . 

record 

record 

TTT,NMIX(1) 

IIK1,ITK2,ITK3, 
IIK^,TYPE,NIS 

NAME,C 

t h i s l a s t record 
has to be repeated 
NIS t imes , I . e . for 
each Isotope of the 
mixture 

the records for the 
f i r s t mixture have 
to be repeated ML 
t imes, I . e . for each 
mixture 

TIT 

NMELA 

NMEL.FRAC 

314 ML = number of mixtures 

IPR01»0 : no p r i n t i n g of intermediate 
r e s u l t s for preprocess ing 

=1 : print ing o f intermediate 
r e s u l t s for preprocess ing 

IPR02=0 : no p r i n t i n g of the c r o s s -
sec t ions 

=1 : print ing o f the c r o s s - s e c t i o n s 

A8.I4 TIT = 'bMIXTURE' 

NMIX = number of the f i r s t mixture 

418,A4,14 ITK1,ITK2,ITK3,ITK4 : 4 bas i s tempera
tures for the mixture (°K) 

TYPE = key word descr ibing the mixture 

type ( see input data) 
NIS = number of i so topes in the mixture 

A8,4X,E12.4 i NAME = name of the f i r s t i sotope in the 
I mixture (see Input data) 
! C =• atomic density of t h i s Isotope In 

j the mixture (10 at /cm 3 ) 

A8 

14 

I4 ,E12.4 

TIT 'bENDbbbb' 

I 

number of mixtures in the f i r s t 
composition 

NMEL » number of the f i r s t mixture 
in the composition 

FRAC =• volume fract ion of t h i s 
mixture in the composition 
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NL 
~*° * -

record 

». record 

Option 
.record 

record 

record 

record . . . . . . 

record 

record 

record 

f 
record 

/ End of \ 

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 

ffl! times, i.e. for 

each composition 

NIS0NL(IL),IL=1,NL 

NLIB.NGM 

1014 

3A8,I4 

NUMGR(1,IG),IG=1,NGM 2014 

NUMGR(2,IG),IG=1,MGM | 2014 

TITLIB.IDLIB 

NISI. 

NAML(I),I-1,NISL 

2A8.I4 

14 

8(A8,2X) 

N3PEC 

NUMSP(I),I«1,OT 

FtUX(ir,),IC-l,26 

this record has to 

be repeated NSPEC 

times,i.e. for each 

spectrum 

14 

2014 

6E12.4 

numbers of the fuel mixtures 

NLIB = 'bLIBRARYbKFK-NAP-:6bGR.b' 
or 40 

option A 
or 

NLIB = 'bFEWGRbbbbbbbbbbbSCHEMEb' 

option B 

NGM » number of energy groups 

numbers of the f irst groups for the 
collapsing 

numbers of the last fine groups for 
the collapsing 
(see input data) 

TITLIB =» ,bKFK-NAP-26bGR.b' 

IDLIB - 26 

total of isotopes 

list of the Isotopes (see Input data 

for code names) 

number of spectra to be associated to 

the compositions for the collapsing 

numbers of the spectra to be associated 

to the MT compositions 

(see input data) 

first spectrum 
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B) Case of equivalent preprocessing 

Variable(s) 

•• record 

? 
record 

• 
record 

? 

record 

record 

ML,NGM,IHM,MT 

TYPE(I),1=1,ML 

NMELA(l), 
NMEL(l,J),j=l,NMELA(l) 

this record is repeated 
MX times,i.e. for each 
composition 

FRAC(1,J),J-1,NMELA(1) 

th is record i s repeated 
MI t i m e s , i . e . for each 
composition 

ITK(I),I-1,ML 

record 

1 

1 
record 

1 

i 
record 

CT0T(1,1,IG,1), 
IG-l.NGM 

• 

CT0T(1,1,IG,IHM), 
IG-l.NGM 

• 

CT0T(2,1,IG,1), 
IC-l.NGM 

Format 

414 

Z0A4 

2613 

6E12.4 

I 

1615 

6E12.4 

6E12.4 

6E12.4 

Definition 

ML = number of mixtures 
NGM = number of energy groups 
IHM = number of cross-section 

types 
MI » number of compositions 

key words for the ML mixtures 
= 'bCOM' for fuel 
- 'bCLD' for cladding 
= 'bSOD' for coolant 
= 'bSTR' for structure material 

NMELA(l) =• number of mixtures in 
the f i r s t composition 

NMEL(1,J) -number of the J mix
ture in the f i r s t com
posit ion 

I FRAC(1,J) - i n i t i a l volume fraction 
] of the J mixture in 

the f i r s t composition 

base temperatures at which the 
cross-sect ions are determined for 
each mixture (°K) 

cross-sect ions for mixture 1 

(see Input data for equivalent 
preprocessing : CTOT is defined 
likewise) 



record 

i 
record 

. . . . . . 

record 

record 

I 
record ...... 

j 

• 
record 

record 

record 

CT0T(2,1,IG,IHM), 

IOl.NGM 

CT0T(4,1,IG,IHM), 

IG-l.NGM 

CT0T(1,2,IG,1), 

IG-l.NGM 

CT0T(4,2,IG,IHM), 

IG=1,NGM 

CT0T(1,ML,IG,1), 

IG»1,NGM 

CT0T(4,ML,IG,IHM), 

IG=1,NGM 

VELOC(IG),IG-l,NGM 

CHI(IG),IG=1,NGM 

NL 

NLS0NI(L)-1,NL 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

6E1.2.4 

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 fission spe-.trum 

number of fissile mixtures 

numbers of the fissile mixtures 
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F i l e IDS 

record 

JIT" 
NR > 0 

NO 
record 

YES 

^ J 
- » record 

NZ > 0 
NO 

record 

YES 

y •> < 1 

- • record 
. . . . . . 

- » record 

ITFLUX 
- 0 

YES 

NO 
. record 

ÏBT0T 
- 0 

YES 

NO 
, record 

ICRIT 
< 0 

NO 

YES 
• record 

• 
record 

Var iable ( s ) 

TITLE 

R ( I ) , I - 1 , |NR| 

RMIN.RMAX 

Z(J),J=I, |NZ| 

ZMIN.ZMAX 

NCOMP,IRl,IR2, 
IZ1.IZ2 

NMAX records 

IOTH(I) 
1-1,ITFLUX 

MTABS,IRC1,IRC2, 
IZC1,IZC2,IRZ8 

Format Def in i t ion 

IBTOT records 

WTFRA.FRAMAX 

NCOPO(I) , I -

1,MTFRA 

10A8 

6E12.4 

2E12.4 

6E12.4 

2E12.4 

513 

t i t l e for steady s t a t e 

a b s c i s s a of the mesh nodes along the 
x ( r ) ax i s 

iiinimum and maximum absc i s sa of the 
uniform mesh gr id along the x ( r ) ax i s 

a b s c i s s a of the mesh nodes along the 
y ( z ) ax i s 

minimum and maximum absc i s sa of the 
uniform mesh grid along the y ( z ) ax i s 

see input data for reactor lay-out 

2613 

613 

I3.E12.4 

2413 

number of the compositions to be coupled 

with thermohydraulics 

Mx'ABS » number of the absorbing composi

tion in the control rod 

IRC1,IRC2,IZC1,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 

- O 

NO 

YES 

record 

record 

V 
record 

BETA(1,I) 
I =» l.NI 

BETA(NL,I) 
I - 1,NL 

CHID(IG) 
IG =» l.NGM 

IPROB •record j Q(1,IG) 
IG - l.NGM 

record 

IFLUX 
= 0 

NO 

YES 
record 
. . . . . . 

record 

I 

/ END \ 

Q(MT,IG) 
IG = 1,NGM 

RR(I),I=a,NRF 

ZZ(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 Ni 
fuel isotopes 

<<> 

delayed neutron f ission spectrum X 
g 

independent raultigroup source in the 
MT compositions 

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 

record . . . . . . 

record 

ICMAP 

» 0 

YES 

NO 

record . . „ . . 

record 

record 

record 

l*record 

TITLE 

IEXTR,ICER,ICMP, 
ICMAP 

10A8 

413 

MACMAX 

PMA(K),K-1, 

MACMAX 

NMIC(K),K»1, 

MACMAX 

NEWT(K),K-1, 

MACMAX 

PMAC1,PMAX,PMIN, 

FRMIN,DPLIM.RPOM 

13 

6E12.4 

2413 

2413 

6E12.4 

title for transient 

IEXTR = 0 no Burlish-Stoer extrapolation 

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 

f 0 automatical control of micro

timestep (=» maximum r.-miber of 

microsteps) 

ICMAP = 0 no automatical control of 

macrotimestep 

• 1 automatical control of raacro

timestep 

number of macrotimesteps 

macrotimestep lengths 

number of raicrotimesteps in each macro

timestep at the first Newton-SOR iteration 

maximum numbers of Newton-SOR iterations 

for each macrotimestep 

PMAC1 » first macrotimestep length 

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 

a macrotimestep 
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record 

* 
record 

record 

record 

— I " 1 BETJU » IOBETA| » record 

record 

record 

.record 

record 

record 

-»• record 

, -C 
IROD 

a •> 

> 0 
record 

< 0 

NEWMAX,NMIC 

XLAMDA(I,1), 

1=1,NI 

XLAMDA(I,2), 

1=1,NI 

XLAMDA(I,NL) 

1=1,UI 

BETA(I,1), 

1=1,NI 

BE1A(I,2), 

1=1,NI 

BETA(I,NL), 

1=1,NI 

XNBET(I,1,1), 

1=1,NI 

XNBET(I,1,NGM), 

1=1, NI 

XNBET(I,NL,NGM), 

1=1,NI 

CHID(IG),IG=1,NGM 

NR0D,F0,F1,F2, 

TS.TF 

213 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

6E12.4 

5E12.4 

RPOM = maximum permitted value of the 

power ratio between beginning 

and end of a raacrotimestep 

NEWMAX = maximum number of Newton-SOR 

iterations in each macrotimestep 

NMIC = number of microtimesteps in each 

macrotimestfep at the first 

Newton-SOR iteration 

decay constants of the NI precursor 

families for the NL fuel isotopes 

ttj) 

delayed neutron fractions of the NI 

precursor families for the NL fuel 

isotopes 

values of the (v .8 . ) 
l i g 

delayed neutron fission spectrum x 
g 

NROD = number of the f i r s t moving control 

rod 

F0,F1,F2,TS,TF = coeff icients of the driving 

function for control rod NROD: 
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* 
record 

JU" 

IEXTR 
= O 

NO 
,record 

YES 

NR0D,F0,F1,F2, 
TS.TF 

NCOM,IMDF,FO, 
F1,F2,TS,TF 

NCOM,IMDF,FO, 
F1,F2,TS,TF 

EPSA 

»record EPSF,EPSP,EPSR 

NT 

< 0 

_l£ÇS record 

NO 

/ END \ 

TPR(D,I-I,|NT| 

13, 

5E12.4 

213, 

5E12.4 

213, 

5E12.4 

E12.4 

F = F0+F1*(T-TS)+F2*(T-TS)2 

for TS £ T <_ TF 
= 1 for 0 < 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 

F0,F1,F2,TS,TF = coefficients of the driving 

function for mixture IMDF 

F = F0+F1*(T-TS)+F2*(T-TS)2 

for TS £ T £ TF 

= 1 for 0 £ T < TS 

Idem but for the l a s t composition to be modified 
(F is the r a t io of the volume fraction of mixture 
IMDF at time T by i t s i n i t i a l volume fraction) 

i f ICüR = 0, EPSA is the maximum permitted 
r e l a t ive error on the amplitude functions 
at the f i r s t raicrotimestep in each macro-
time step 

i f ICER i 0, EPSA is the maximum permitted 
re la t ive error on the amplitude functions 
a t the end of the t ransient 

3E12.4 EPSF = convergence c r i t e r ion on the shape 
functions at each Newton-SOR i t e r a 
tion in each macrotimestep 

EPSP • convergence c r i t e r ion on the to ta l 
reactor power at the end of each 
macrotimestep 

EPSR - convergence c r i t e r ion on the reactor 
reac t iv i ty at the end of each macro-
time step 

6E12.4 times at which the power, fluxes and power 

densities are to be edited 
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F i l e IPS 

Record 

1 

2 

3+MT 

4+MT 

4+MT+I 

A+MT+IHM 

4+MT+IHM 

+1 

^+MI+2*IHM 

4+WT+WHM 

/ • + K I + 4 * I H M 

+1 

i+MT+8*IHM 

Varlable(s) 

XNAM 

ML,NGM,IHM,MT 

TYPE(I),1=1,ML 

Definition 

NMELA(l), 

NMEL(1,J),J-1,NMELA(1), 

FRAC(1,J),J=1,NMELA(1) 

NMELA(MT) 

NMEL(MT,J),J=1,NMELA(MX) , 

FRAC(MT,J),J=1,NMELA(MT) 

ITK(I),I=1,ML 

CTOT(l,l,IG,l), 

IG=1,NGM 

CT0T(1,1,IG,IHM), 

IC-l.NCM 

CT0T(2,1,IG,1), 
IG=1,NGM 

CT0T(2,1,IG,IHM), 

TG«1,NGM 

CT0T(4,1,IG,IHM), 

IG-1,NGK 

CT0T(1,2,IG,1), 

IG»l,NGM 

CTOT(4,2,IG,IHM), 

1G»1,NGM 

XNAM 'CROSSECT' 

ML = number of mixtures 

NGM » number of energy groups 

IHM =» number of rows in the cross-section 

matrices CTOT 

MT • number of compositions 

mixture types 

= 'bCOM' for fuel mixtures 

= 'bCLD' Jor clad mixtures 

= 'bSOD' iror coolant mixtures 

» 'bSTK' for structure mixtures 

NMELA(l) = number of mixtures in composition 1 
th 

NMELAdjJ) = number of the J mixture in com
position 1 

FRAC(l.J) = initial volume fraction of the J 
mixture in composition 1 

NM^'A(MT) » number of mixtures in composition MT 

NMELA(MT,J) » number of the J mixture In com

position MT 

FRAC(MT,J) = initial volume fraction in the J 

mixture in composition MT 

th 

ITK(I) = reference temperature of mixture I at 

which the cross-sections are determined (°K) 

cross-sections for mixture 1 

(see input data for equivalent preprocessing 

CTOT is defined likewise) 

cross-sections for mixture 2 
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4+MT+<f*(ML-l)*IHM 

+1 

4+MT+4*ML*IHM 

5+MT+4*ML*lHM 

6+MT+4*ML*IHM 

7+WI+4*ML*IHM 

8+MT+4*MI«IHM 

CT0T(1,ML,IG,1), 
IG=1,NGM 

CT0T(4,ML,IG,IHM), 
IG=1,NGM 

VELOC(IG), 
IG-l.NGM 

CHI(IG), 
IG=1,NGM 

NL 

NISONL(L), 
L»1,NL 

cross-sections for mixture ML 

VELOC(IG) = neutron velocity in energy 
group IG 

prompt fission spectrum 

number of fuel isotopes (mixtures) 

NISONL(L) = number of the L fuel isotope 
(mixture) 

File IPS is created at the end of the preprocessing and before starting 
the steady state calculations. 
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Pile IPSM 

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 IPS. 
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Variable(s) 

L.NDG.NPT, 
NFR.NFZ 

POWNOM.XKEFF, 

EFISS 

ABBC.BBBC.ATBC, 
BTBC,ALBC,BLBC, 
ARBC,BRBC 

R(I),I=1,NR 

Z(I),I=1,NZ 

NC(I,J), 

I*1,NR+1 

J»1,NZ+1 

NCT(I,J), 

I-l.NR+1 

J-l.NZ+1 

Q(NCOM,IG) 

NC0M-1.MT 

IG»1,NGM 

RR(I),I=1,NFR 

ZZ(I),I-1,NFZ 

ITYP(I),I-1,MT 

De finit, .nm 

L • vector of dimension 100 collecting the most important 

integers 

NDC =• 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 k of the reactor 
eff 

EFISS = energy delivered per fission 

values of the coefficients for the boundary conditions 

(see input 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 M e reactor 

matrix of the "thermal" lay-out of the reactor 

Q(NC0M,IG) is 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-

hydraullcs 

if ITYP(I) - 1, composition I is coupled with thermo-

hydraulics 
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12 

13 

14 

15 

16 

17 

18 

19 

17+NGM 

17+NGM+l 

17+NGM+2 

17+2NGM 

IRZ(IROD,K), 

IROD =1,5 

K-1,8 

HIG(IROD), 

IROD=l,5 

TMP(NCOT,NN), 

NCOT-l,MTT 

NN=1,ML 

RO(NCOT,NN), 

NCOT=l,MTT 

NN=1,ML 

DPOW(K,L,I,J) 

K=1,NPT 

L=1,NPT 

I=1,NR-1 

J=1,NZ-1 

TTHE(I,J,K) 

I-1,NR-1 

J-l.NZ-1 

K=l,4 

RIHE(I,J,K) 

I=1,NR-1 

J-1,NZ-1 

K=l,4 

X(I),I=1,NPAR 

X(I),1=1,NPAR 

X(I),I=1,NPAR 

X(I),I=1,NPAR 

X(I),I-1,NPAR 

X(I),I=»1,NPAR 

characteristics of the control 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 NCOI in steady state 

power density distribution in the reactor in steady state 

average temperature distribution in steady state (°C) 

K=l * fuel material; K=2 •* clad material 

K=3 * coolant material; K*A + structure material 

average density ratio distribution in steady state 

K=l -»• 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 NCM 

adjoint flux distribution for energy group 1 

adjoint flux distribution for energy group 2 

adjoint flux distribution for energy group NCM 
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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. 

MTT 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 .̂lso- by the 

mean temperatures of the mixtures of this composition; 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 temperatures; 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 

0 

0 
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0 

- 2 

1 

1 

1 

- 2 

0 
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- 2 

1 

1 

1 

- 2 

0 

0 

- 2 

- 2 

- 2 

- 2 
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0 

0 

0 

0 

0 

0 

0 

0 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

2 

10 

7 

1 

2 

- 1 

- 1 

2 

3 

3 

4 

2 

- 1 

- 1 

2 

11 

8 

5 

2 

- 1 

- 1 

2 

12 
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2 

- 1 

- 1 

2 

2 

2 

2 

2 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

NC NCT 
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NR = 6 

NZ = 6 

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 witn 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 elermt 

I,J is coupled with thermohydraulics 

if NCOM < 0, it means that composition |NCOM| in element 

I,J is not coupled with thermohydraulics 

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 

numbered. 

* Variables IRZ and HIG are variables characterizing the contro] rods. 

We consider a maximum number of 5 control rods. 
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HIG(IROD) = insertion of rod number IROD 
= z — z 

max bet 

where : z, ^ is the level of the bottom of the rod in the reactor 
bot 
z is the maximum possible value of z, ^. 
max bot 

= respectively the left, right columns and bottom, top 

rows of the mesh grid enclosing the control rod number 

IROD 

IRZ(IR0D,1) 

IRZ(IR0D,2) 

IRZ(IR0D,3) 

IRZ(IR0D,4) 

IRZ(IR0D,5) = number of the row immediately below the bottom of 

control rod IROD 

IRZ(IR0D,7) = composition number of control rod IROD 

IRZ(IR0D,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 

VariaDle(s) Definition 

NR,NZ,NPT 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 

R(I),I"1,NR abscissa of the mesh nodes along the x(or r) axis 

Z(I),I=1,NZ abscissa of the mesh nodes along the y(or z) axis 

DPOW(K,L,I,J) 

K-l.NPT 

L=1,NPT 

I-1,NR-1 

J-l.NZ-1 

DPOW(K,L,I,J) 

K=1,NPT 

L»1,NPT 

I=1,NR-1 

J«1,NZ-1 

DPOW(K,L,I,J) 

K-l.NPT 

L=1,NPT 

I-l.NR-1 

J-l.NZ-1 

TTHE(I,J,K) 

I-l.NR-1 

J-l.NZ-1 

K-1,4 

RTHE(I,J,K) 

I-1,NR-1 

J»1,NZ-1 

K-1,4 

NT » number of tines 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 density distribution at time Tl 

average temperature distribution at time Tl (°C) 

K-l * fuel material; K=2 -• clad material 

K=3 •*" coolant material; K=4 "*" structure material 

average density ratio distribution at time Tl (°C) 

K»l "*• 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-l 

j=2 

j=l 

i=l i=2 i=3 i=NR-l 

Each element is marked by its indices i,j and the power density p 

within is approximated by : 

(i,j) 

NPT NET 
p(i'j)(x,y) (or p(i'j)(r,z)) = T. I p'j'j) ir (p)ir (ç) 

k=l £=1 kl k Z 

x-x. r-r 
where p = 

x. , -x. 
i+l l 

(or = 
r. ..-r. 
l+l i 

ç = !Zi y : + r y : 
z-z . 

(or = 2 — ) 
z.^-z. 

According to the degree NDG chosen for the approximating polynomials 

(NDG = 1,2 or 3), we have : 

«.=2 » 

«.=! 

for NDG = 1 (NPT = 2) 

TT (X) = 1-X 

ff2 (x) = x 

k=l 
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«,=3 

1=2 

£=1 

• • O 
I 
r 
I 
» 

i 
i 
i 

o i .» 

f o r NDG = 2 (NPT = 3) 

TT1 (x) = 2 ( x - | ) ( x - 1 ) 

TT (X) = - 4 X ( X - 1 ) 

7T3 (X) = 2X(X- | ) 

k=l k=2 k=3 

«.=4 

i=3 «c 

£=2 

«.=1 

• « • • 
i i 

i | 

»• » f " 
i , 
i i 
I ! 

,, | «. O 

I ' 
i ! 
i ; 

<i * • è 

f o r NDG = 3 (NPT = 4) 

VX) = " I (X" 1] (x" 1] (x_1) 

27 2 
i r 2 ( X ) = 2~ X ( X ~ 35 ( X _ 1 ) 

27 1 
TT3(X) = x ( x - - ) (x-1) 

9 1 2 
TT4(X) = - X ( x - T ) ( X - ) 

k=l k=2 k=3 k=4 

?, . ' i s t he va lue of t h e power d e n s i t y a t t h e p o i n t marked by t h e 

i n d i c e s k , I on t h e f i g u r e s hereabove 

We have the cor respondance DPOW ( K , L , I , J ) ?k£ 

* The power density distribution is provided at each micro time step 

over a whole macro time step, i.e. NT times where NT-l 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 <jf the 

macro time step. 

Prom 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 temperattre and density distributions 

are averaged over each element and furnished for each type of mate

rial, i.e. for the fuel type (K=l) , the clad type (K=2) , the coolant 

type (K=3) and the structure material type (K=4). 
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* Instead 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. 



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. 
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Variables 

IL,IDX,LAWA 

ABBC,BBBC,ATBC,BTBC,ALBC,BLBC, 

ARBC.BRBC 

EPSK,EPSF,EPSKT,EPSKC 

DR,DZ,S 

DRZ,RDZ,RZ 

EPSF,EPSP,EPSR,EPSA 

Definition 

IL = dimension of the dynamic allocation vector A 

IPX = 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<|> + bDn»V$ = 0 

ABBC 

BBBC 

AXBC 

BTBC 

ALBC 

BLBC 

ARBC 

BRBC 

} coefficients a, b at the bottom of the reactor 

} coefficients a, b at the top of the reactor 

} coefficients a, b at tne left side of the reactor 

} coefficients a, b at the right side of the reactor 

EPSK = convergence criterion on the k value in 
eff 

the power method in steady state 

EPSF = convergence criterion on the fluxes in case 

of source problem in steady stare 

EPSKT = convergence criterion on the k ,, value in 
eff 

the neutronics-therraohydraulics coupling 

iterations 

EPSKC = convergence criterion on the k , value for 
eff 

criticality search 

DR 

DZ 

values of the diffusion coefficients respecti

vely in the x(r) and y(z) directions in the 
J 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 
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DEGREE 

DIM 

DIVERS 

DRVF 

NDG.NPT 

1(100),TITLE(10) 

RAU1,BETA1,XLA1,RAUM1,RAU0,BETA0, 

XLAO,RAUFO,RAUIN 

F0(10) 

Fl(IO) 

F2(10) 

TS(IO) 

TF(10) 

NROD(10t 

IMDF(IO) 

EPSR = convergence criterion on the reactor reacti

vity at the end of each macro time step 

EPSA = maximum permitted relative error on the am

plitude functions (see input data) 

NDG = degree of the interpolation functions for the 

fluxes in each direction (= 1,2 or 3) 

NPT = NDG+1 

L : array containing the most important integers 

(see appendix 5) 

TITLE : general title 

RAÜ1 : reactor reactivity at the end of the macro 

time step 

BETAl : delayed neutron fraction at the end of the 

macro time step 

XLA1 : neutron generation time at the end of the 

macro time step 

RAUM1 : reactor reactivity at the end of the macro 

time step and at the previous Newton-SOR 

iteration 

RAUO : reactor reactivity at the beginning of the 

macro time step 

BETAO : delayed neutron fraction at the beginning 

of the macro time step 

XLAO : neutron generation time at the beginning 

of the macro time step 

RAUFO : feedback reactivity at the initial time 

RAUIN : inserted reactivity 

coefficients characterizing the driving functions 

(see input data) 

number of the moving control rods (if IROD > 0) or 

numbers of the compositions for which a mixture is 

submitted to a driving function (if IROD < 0) 

numbers of the mixtures submitted to a driving 

function 
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FLUDY 

IBBS 

NFR.NFZ 

N1D,LD,LU,NJV(15) 

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 

N1D = first value of the Burlish-Stoer's sequence 

LD+1 = number of columns of the extrapolation table 

at the previous Newton-SOR iteration 

LU+1 » number of columns of the extrapolation table 

at the last Newton-SOR iteration 

NJV : values of the Burlish-Stoer's sequence 

INTABL ZZ(4,4),DZDZ(4,4),RR(4,4,2), 

DRDR(4,4,2),ZF(4),RF(4,2), 

SPR(4,4),SPZ(4,4) 

IPO IPOINT 

LAYN HIG(5),RBC(5),XK1,XK2,CMQ1, 

CMQ2,DILMAX,DIL,MTFRA, 

IRZ(5,8),IMTCR(3,30) 

Table of constant values used for the set-up of the 

finite element matrices in function of the degree 

of the interpolation 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 k obtained at the first and second 
ef f 

poisonings of the reactor for criticality search 

XK2 : value of k obtained at the third poisoning of 
ef f 

the reactor tor 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 .it the third 

poisoning of the reactor for criticality search 

DTLMAX : maximum permitted dilution of poison in the 

coolant 

DIL : value of the dilution of poison in the coolant 

MTFRA : number of poisoned compositions for critica

lity search 

IRZ(K,1) i numbers of the radial mesh nodes enclosing 

IRZ(K,2) control rod number K respectively at the 

left and right sides 
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MICMAC FRMIN,PMAX,PM1N,DPLIM, 
RP0M,PMAC1,NMTCI 

PARAM TWTERP 

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 

IMTCR(1,I), I=1,MTFRA : numbers of the compositions 

poisoned for criticality search by 

poisoning of the coolant 

IMTCR(2,I) = NMP is the NMP mixture of composi

tion I corresponding to the poison mixture 

IMTCR(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 in each macro 

time step at the first Newton-SOR iterations 

INTERP = 1 : Interpolation of the fundamental mode 

and another mode for the amplitude functions 

INTERP = 2 : interpolation of the fundamental mode 

and the mode e ' for the amplitude functions 
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PCROS 

PKREAL 

ECROS 

PMIC,PMAC,FR,DPSIM 

PKTSHP V?,0Ml,OM2,OMll,OM22 

PO POWNOM,XKEFF.EFISS 

POINTD 

POPR 

NADR 

T1,T2,RA1,RA2,RAI1,RAI2, 

RAF1,RAF2,DQ1,DQ2 

PRIWA 

Q1NT 

K1,K2 

o.t 
INTERP = 3 : double interpolation of the mode e 

for the amplitude functions 

if ECROS - .TRUE, printing of the cross-sections 

if ECROS = .FALSE, no printing of the cross-sections 

PMIC = micro time step 

PMAC = macro time step 

FR = reduction factor for the macro time step 

DPSIK = 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 

0M1 - Ortll when INTERP - 1 or 2, 0.0 otherwise 

0M2 = 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 

OM22 = 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. 
e 

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 

RAH,RAI2 : inserted reactivities at times Tl, T2 

RAF1,RAF2 : feedback reactivities at times Tl, T2 

DQ1,D02 : energies accumulated in the reactor core 

during the 2 last macro time steps 

T(K1), T(Kl+l),...,I(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 

eff 
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RBBS 

TEMPS 

XLOF 

XPO 

XPT 

XRES 

FRP,FRPMAX 

TIME.TMAX 

TLOF 

POWERl,POWM1,POWERO 

KPMIN.KPMAX 

NREST 

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 How rate decrease in 

case of loss of flow 

POWERl = reactor power at the end of the considered 

macro tine step 

P0WM1 = reactor power at the end of the considered 

macro time step and at the previous 

Newton-SOR iteration 

POWERO = reactor power at the beginning of the 

considered macro time step 

represent the minimum and maximum record numbers 

for a set of records on 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 possibility 

of RESTART afterwards 

XRGEOM 

ZMAC 

C1,C2 

1CMAP2 

NEWM2 

i if NREST = 1, the code restarts a transient problem 

! stopped in a previous run 

CI = 1.0 in x-y geometry 

C2 » 0.0 

CI • r , in r-z geometry 

C2 = &r = r - r , 
max min 

r , r are the minimum and maximum rad i i res-
min, max, . , , . , . , 

pectively in the considered f in i te element 

if ICMAP2 = - 1 , the macro time step length is constant 

if ICMAP2 = 0, the macro time step length can vary and 

is specified for each macro step 

if ICMAP2 = 1, automatical control of macro time step 

maximum number of Newton-SOR i te ra t ions when 

ICMAP2 f 0 
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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 

a]1 the equivalences and the significances for each component. 



A5.2 

STE> ..Y STATE TRANSIENT 

Equivalent 

variable 

name(s) 

ITEMAX 

IPROB 

IADIR 

not used 

NZ 

IFLÜX 

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=l •»• source problem 

IPR0B=2 + eigenvalue pro

blem 

IADIR=1 : only direct 

problem 

IADIR=2 : direct + ad

joint problems 

not used 

not used 

not used 

NG 

NR 

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 

IFLUX-0 : the fluxes are 

to be edited at given 

points 

IFLUX^O : the fluxes are 

to be edited at IFLUX 

points per mesh in each 

direction 

Equivalent 

variable 

name(s) 

not used 

Definition 

not used 

ICMAP ICMAP = 0 : no automatical Con

or « -1 trol of macro time step 

! size 

ICMAP = 1 : automatical control 

of macro time step 

size 

MACMAX 

not used 

not used 

NG 

NR 

NZ 

IFLUX 

maximum numtar of macro time 

sr^ps 

idem 

idem 

idem 

idem 
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12 not used 

13 

14 ! 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

NIL 

NGM 

IHM 

IHS 

IHT 

MI 

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

sitions 

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 

adjoint 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) 

IROD 

NIL 

NGM 

IHh 

IHS 

IHT 

IROD > 0 : IROD control rods 

are moving 

IROD < 0 : |IROD| mixtures are 

changing with t 

idem 

idem 

idem 

idem 

idem 

MT ! idem 

NEWMAX 

LR 

LZ 

NPAR 

LBAND 

not used 

not used 

not used 

maximum numoer of Newton SOR 

iterations at each macro time 

step 

idem 

idem 

idem 

idem 

not used 
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28 NFX1 

29 NFX2,NFX 

30 

31 

32 

NFEMAT 

NFS 

NSAVE 

33 

34 

35 

36 

NFSF 

NFWORK 

NFTRIA 

NFR 

37 

38 

39 

W 

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 'source' 

finite element matrices 

number of the file on 

which the neutronics data 

and results are stored 

before entring in the 

i-hermohydraulics module 

number of the file con

taining the independent 

source finite element 

vectors 

number or 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 ave to be edited 

NFX1 

not used 

NFEMAT 

NFS 

NSAVE 

number of the direct-access 

file containing the flux 

shape functions (group after 

group) 

not used 

NF2 

NF3 

NFO 

NAD.JNT 

no used 

not used 

NFKM 

idem 

number of the direct access 

file containing the 'source' 

finite elements matrices 

idem 

idem 

idem 

nunmer of tv_ direct-access 

file containing informations 

and values ated to the 

shape function it the begin

ning of each a. -o time step 

number of the ii.' ; 
files containing 

fluxes 

' :t-access 

he adjoint 

number of the file con' "'ing 

the right members of the 1! ^ar 

algebraic systems for thv cal

culation of the shape functions 
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NI 

NL 

not used 

not used 

not used 

number of the file con

taining the steady state 

data and results 

ISTEADO, static calcula

tions are not followed by 

dynamic calculations 

ISTEAD=0, static calcula

tions are followed by dy

namic calculations 

number of mixtures 

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 

NPREOO, data are not 

given for delayed neu

trons in steady state 

NPREC^O, data are given 

for delayed neutrons in 

steady state 

number of precursor fa

milies 

number of fuel mixtures 

(isotopes) 

NFT 

not used 

NEWTON 

ML 

IOBETA 

not used 

not used 

not used 

not used 

idem 

Newton-SOR iteration number 

idem 

I 
I0BETA=1, the p values are 

given 

I0BETA=2, the (y 6 ) values are 

given 

NI 

NL 

LCOMP 

not used 

not used 

idem 

idem 

size of the virtual blocks 

in file NFS 
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IDP 

not used 

not used 

not used 

NCPL 

not used 

not used 

not used I 

i 
i 
i 

i 
not used ! 

i 
not used i 

not used 

not used 

not used 

number of the Interface 

file between neutronics 

and thermohydraulics 

IDS 

not used 

NEXEC 

not used 

not used 

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 3tatic 

module 

index giving the level of 

execution 

not used 

MACRO 

not used 

NCPL 

not used 

not used 

macro time step number 

idem 

NT ! I NT I = r.'imber of times at 
i ! which printing of power and 

i fluxes is asked 

not used 

NTM 

NTM1 

not used 

NTM2 

not used 

not used 

IbD 

NEXEC 

not used 

not used 

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 

idem 
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NMAX 

ITFLUX 

IBTOT 

ICRTT 

IPRINT 

MTI 

ITMAX 

not used 

not used 

number of data cards to j 

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-J 

sertion 

ICRIT < 0, criticality 

search by homogeneous 

poisoning of the coolant 

IPRINT = 0, no printing 

of fluxes and power den

sities 

IPRINT i 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 

KTT 

not used 

IEXTR 

ICER 

idem 

idem 

idem 

idem 

IEXTR = 0, Burlish-Scoer's 

extrapolation is not used 

IEXTR =• 1, Burlish-Stoer's 

extrapolation is used 

ICER =» 0, no error control 

for the amplitude functions 

calculation 

ICER = 1, error control for 

the amplitude functions 

calculation 
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not used 

not used 

IPS 

IPSM 

not used 

not used 

not used 

INF5 

INF3 

not used 

not used 

not used 

not used 

not used 

not used 

not used 

number of the file con

taining the output of the 

preprocessing correspond

ing to the initial confi

guration of the reactor 

number of the file con

taining the output of the 

preprocessing correspond

ing to the final steady 

state configuration of 

the reactor 

number of the file where 

a copy of the input data 

cards is made 

- IDP,IDS,IDD according 

to the case 

ICMP ICMP = 0, no automatical 

micro time step control 

ICMP f 0, automatical micro 
time step control 

not used 

not used 

IPSM 

IPS!) 

not used 

not used 

INF5 

INF3 

not 

N 

not 

not 

not 

not 

used 

,NN 

<K 

used 

used 

used 

used 

idem 

number of the file containing 

the output of the preprocessing 

corresponding to the configura

tion of the reactor during the 

transient 

idem 

idem 

number of micro time steps in 

each macro time step 

micro time step number 
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APPENDIX 6 : DYNAMIC ALLOCATION 

The aim of the dynamic allocation is to store the major part of the 

dimensioned variables in one common vector A. 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 other variables. The several possibilities 

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 = l.NIDX 

IW(I) = 0, I=1,NIDX 

Initialization of 2 working vectors (W and 

IW), containing respectively the variable 

names and the corresponding first addres

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). 

?he function assumes that IL (maximum number of 8-bytes words in the 

common vector A) , IDX and LAWA are located 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) 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 

2) IB = IDKILL (XNAM) 

XNAM = ' ' : vector name (6 characters) 

IDKILL deletes the vector named XNAM in vector A; a compressed 

vector takes place. 

3) IB = ID (XNAM) 

XNAM = ' ' : vector name (6 characters) 

ID provides the address of the first component of vector named XNAM 

in vector A. 

4) IB = IDIDX (LL,J,K) 

IDIDX gives in return IB 

LL 

J 

K 

5) IB = IDSHOR(M) 

IDSHOR deletes the M last vectors in vector A 

IDX (number of vectors located in A) 

1 

LAWA (index of the last used word in A) 

1 
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6) CALL STAT 

Prints out the status of vector A 

7) CALL IBYTE 

Prints out the maxi um core storage (in bytes) used in vector A 

8) IB = IDWRIT (NSAVE) 

The following variables are written on file NSAVE without format. 

l S t record : IL,IDX,LAWA,LENGTH,NIDX 

2 n d record : (W(I),I=1,IDX), (IW(I),I=1,IDX) 

3 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 I vector in A 

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 is stored in NREC records, where NREC is the smallest 

integer >_ LAWA/500. 

A REWIND operation has to ho done before any calling to this entry. 

9) 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) 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. 

2) 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 with 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 one-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 mean;, of heat transfer 

coefficients. 

The resulting equations are : 

3Tf Jef 3Tf 
Pf cf — = div (kf grad Tf) + qf = — — (r — ) + qf in the fuel 

$ . = $ . = $ . = • in the cladding 
rod fe ci ce 

3T 3T 
s s P 1 

p c — — + p c v - — = ~ 4 J = T * . in the coolant Ks s 3t ^s s 3z S *rod S rod 

$ = 0 at r = 0 

A = h (T, - T .) in the fuel-clad gap 
g fe ci 

* = h (T - T ) at the clad-coolant interface 
s ce s 
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ions are : T (z = 0,t) = T „(t) in the coolant, 
s su 

where T „(t) is a 
sO 

given function 

T(z, t = 0) = solution of the steady state 

problem everywhere 

c_,c are the specific heats of the fuel 
f s 

and coolant respectively 

p ,p are the densities of the fuel and 

coolant respectively 

Jc_. is the thermal conductivity of the fuel 
coolant f 

q is the heat source in the fuel (function 

of z) 

v is the flow velocity 

S is the cross-sectional area of the fluid 

in the channel 

I 

I 

T denotes the temperature and $ denotes the 

linear power 

T' ,T are the local temperatures in the 
r s 

fuel and the coolant respectively 

is the heat flux released by the rod 

rod 

fuel rod 

and * , is the linear power of the 
rod 

h is the heat transfer coeffie Lent in the 
g 

fuel-clad gap 
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h is the transfer coefficient at the 
s 
clad-coolant interface 

Subscript fe refers to the outer surface of the fuel. 

Subscripts ci, ce refer to the inner and outer surfaces of the cladding 

respectively. 

Integrating the fuel equation, we obtain : 

3Tf * 
Pf C = — + q, 

3f nr. 
fe 

^ ^ Tf d S 
with T = - : mean fuel temperature 

nr_ 
fe 

3T i 
*, = - 211 r, k_ T— : linear power of the fuel rod 
f fe f Jj'r. 

fe 

rod 

The linearity of the temperature profile in the cladding leads to : 

e 
T . - T = — ;— * , with e = r - r . 
ci ce 2ft r k rod c ce ci 

c c 

r = \ (r . + r ) 
c 2 ci ce 

k = thermal conductivity of the 
clad 

With the assumption of quadratic shape function for the fuel, it can be 

easily shown that : 

T — T = $ 
f f e 8IÎ k rod 

Moreover we have : 

T c - T . = -rrf r—• 4> with r = - ( r . + r .) 
fe c i 211 r h rod q 2 fe c i 

g g 
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X — x = $ 
ce s 211 r h rod 

ce s 

Consequently we yield : 

T^ - T = A * , 
f s rod 

wi th 

e 
c + _ L _ + i ^ _ + i 

211 r k 811 k,, 21 r h 211 r h 
c c f g g ce s 

To summarize, we have finally to solve : 

3*f 1 
P. c_ + 5 (T - T ) = q (A7.1) 
r r 3t n rc A E S 

fe 

3T 3T 
P c — + p c v — = |T- (T. - T ) (A7.2) 
s s 9t s s 3z SA f s 

with 

211 r k 8n k r 211 r h 21 r h 
c c f g g ce s 

p = r - r . c ce c i 

r = \ (r . + r ) c 2 c i ce 

r = \ ( r , + r .) g 2 fe c i 

T (z=0,t) = T (t) s so 

Equations (A7.1) and (A7.2) are integrated by means of a classical 

implicit finite difference scheme. 

In steady state, we obtain : 

n ri 
_:+l _] ̂  fe , ]+l TJ = TJ + izcq

J 

e er ri n ir C p ^ 's s p c v S f 
S S 

j « 1,2,. 
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TÎ+1 = T j + 1 + H r| X q^+1 

f s fe f 

with 

T3 = T (z.) 
s s j 

TJ = T (z.) 

qj = qf (Zj) 

Az = z. - z. 

In transient : 

n + Ylt + _ A t ^ . ] TJ+l ( n + 1 ) _ _ A t $j+l ( n + 1 ) . Tj+l ( n ) + vAt j 
Az p c SA J s o c SX f s Az s 

s s s s 

n = 0,1,... 

with 

T (n) = T (t ) 
s s n 

Tf(n) = Tf(tn) 

qf(n) , qf(tn) 

At = t . - t 
n+1 n 

The values of T . , T and T = — (T . + T ) can be deduced from the 
ci ce c 2 ci ce 

values of T, and T by means of the formulae hereabove. 
f s J 

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 power in this assembly 

- the axial averaging of T , T , T in each finite element in order co 

determine the temperature values required by neutronics. 

Routine SMPLTH is called by THERMO which is the main routine of the 

thermohydraulics module. 

Routine PLZ is called by CALTEM to determine the value of th« linear 

power at any level. 

This thermohydrmlics module uses 2 sequential and temporary files 

NTHER1, NTHER2. 

Each record of these files contains NZZ values, where NZZ 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 = outer radius of the cladding [m] 

PITCHR = pitch to diameter ratio (= pitch of the lattice/outer clad 
diameter) [-] 

NS = 3 for triangular lattices 
= 4 for square lattices 

H = channel height Cm] 

ROP = fuel density [kg/m3] 

ROS = coolant density [kg/m^] 

CPF = specific heat of the fuel [J/°C kg] 

CPS = specific heat of the coolant [J/°C kg] 
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XKP = thermal conductivity of the fuel [W/m °C] 

XKC = thermal conductivity of the cladding [W/m °C] 

AG = heat transfer coefficient through the fuel-clad gap [w/m2 °C] 

AS = heat transfer COP fficient at the clad-coolant interface [W/m2 °C] 

WO = initial velocity of the coolant [m/s] 

TINO = initial temperature of the coolant at the entry of the channel 
C°C] 

—t/TLOF 
TLOF = time decrease constant fcr the coolant velocity (w = w e ) 

[s] ° 

NZ2 = number of axial nodes in the coolant 

NTT = number of time steps in the macrotimestep for the time integration 
of the thermohydraulic equations. 


