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SUMMARY

The code DRAGON contains a collection of models which can simulate the neutron field distribution inside
a unit cell or a fuel assembly in a nuclear reactor. It includes all the functions that characterize a lattice cell
code, namely: the interpolation in temperature and dilution of microscopic cross sections which are supplied by
means of standard libraries; resonance self-shielding calculations in multidimensional geometries; multigroup and
multidimensional neutron flux calculations which can take into account neutron leakage; transport-transport or
transport-diffusion equivalence calculations as well as editing of condensed and homogenized nuclear properties
for reactor calculations; and finally isotopic depletion calculations.

The transfer of information between the various DRAGON execution modules is ensured by well defined data
structure. They are generally created or modified by one of the modules of DRAGON. Here we give a description
of the contents of these data structures.
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1 INTRODUCTION

The transfer of information between the various DRAGON execution modules is ensured by well defined data
structures!-3l They are generally created or modified directly by one of the modules of DRABQNese data
structures are the DRAGON equivalent of a UNIX directory which can contain either files or sub-directory. They
can be stored directly in memory or on a direct access binary file via the LCM utilities available in the GANLIB
library 56l

The main difference between a data structure and a UNIX directory is that the concept of files is now replaced
by that of records where each record contains a specific number of elements of a fixed type. For example, consider
the vectorV of dimensionN = 5 which contains real valued elements. This vector can be saved in the record
namedvOLUMBf a data structure identified B DATA using the FORTRAN instruction:

INTEGER  LENGTH,ITREC,IPDATA,NVOL
PARAMETER (NVOL=5)

REAL VOL(NVOL)

ITREC=2

LENGHT=NVOL

CALL LCMPUT(IPDATA,'VOLUME’,LENGTH,ITREC,VOL)

whereNVOI=5 is the length of the real vectOL=V". The variabld TREC is the record type which in this case
takes the value offREC=2 for VOLto indicate that the information to be saved is of type Rabuch a record
will be described in this report by the following table.

Table 1: ThevOLUMEecord in thd PDATA structure

Name Type Condition Units Comment

VOLUME_ ..., R®) m3 Contents of the volume vect®f,

In the general case we will have

Table 2: Example of records saved in a data structure

Name Type Condition  Units Comment

INTEGERDATA 1(3) Integer vector containing 3 elements

VOLUME__ ..., R®) F>1 m3  Optional real vector containingy elements. This vectof
appears only i > 1 and it has dimensions ¢

NAMES_, .. ... C(N) % 12 Contents of the names vectdAME;

DIRECTORY, ., Dir Sub-directory

where the first column containsGHARACTER*12sariable representing the name of the record, the second col-
umn (I(1), R(N), C(N) % 12 and Dir) describes the type of record and its length, the third column provides the
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condition required for the record to be present in the data structure (present énlyifl), the fourth column
describes the units (fhand finally the last column provides a brief description of the record content$iNF&r-
GER REALandDOUBLE PRECISIONecords of lengthV, we will use respectively If), R(V), and D(V) to
identify the type of record and its length while foC&/{ARACTERL record of dimensiodV the notation CN) = L
has been selected. The presence of a sub-directory is indicated by the type “Dir” as seen in the above table.

In this report we will first define what is meant by a data structure and a directory. Form the storage point
of view both concepts are identical with the following exception. In a data structure two records namely the
SIGNATURE, ,  andSTATE-VECTORrecords must always be present on the first level while the presence of
these records is generally optional in directories. However, from the point of view of code execution a data structure
also refers to an object located in memory or stored on a file which can be transferred from one execution module
to the next while a directory also refers to the various hierarchical sublevels found inside this data structure. Here
for simplicity we will distinguish between both concept. For example the data strueazeoLiB will refer to
the object (a linked list or a direct access XSM file) which is transferred between the execution module while the
directory with the same name will refer to the hierarchical contents of this object.

1.1 Notation used in this report

represents a hard blank space required in a FORTRAN character variable.

—

DDS represents a data structure of type “dds”.
[dir/ represents a directory of type “dir”.
{/dir/} represents a list of directory of type “dir”.

RECORDDIR_, , The explicit name of a record or directory including the hard blanks.

1.2 Units used in this report

cm  centimeters, a unit of distance.

b barn, a unit of surface or microscopic cross section Wwitk10~24 cn?.
Kb  kilobarn, a unit of surface or microscopic cross section wikb=103 b.
S second, a unit of time.

d day, a unit of time with d=86400 s.

J joule, an unit of energy.

eV electron volt, a unit of energy witheV=1.602 x 10~19 J.

MeV Megaelectron volt, a unit of energy withMeV=10° eV.

W  watt, a unit of power with W=1 J/s.

MW Megawatt, a power unit with MW= 10° W.

g gram, a unit of mass.

au  atomic unit, a unit of mass withau=1.660381 x 10~2* g.

nau neutron atomic unit, a unit of mass witimau=1.008665 au.

T tonne, a unit of mass with T=10° g.

K Kelvin, a unit of temperature.
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2 DESCRIPTION OF THE DRAGON DATA STRUCTURES

In this section we will describe the various data structures used by DRAGON. The explicit records and direc-
tories present in each data structure will be described in later sections. We will also mention which DRAGON
module affects the different data structutes.

2.1 TheMACROLIB data structure

This data structure is used by DRAGON to transfer group ordered macroscopic cross sections between its
modules. It is generally created by thAC: module. Such a structure is required for a successful execution of the
ASM;, FLU: , MOCC:andEDI: modules when nmICROLIB data structure is available. The information stored
on this data structure is described in /macrolib/ (see Section 3).

2.2 TheMICROLIB data structure

This data structure is used by DRAGON to transfer microscopic and macroscopic cross sections between its
modules. It is generally created by th&é8: module. It can also be modified by thAC:, SHI: andEVO:
modules. Such a structure is always required for a successful execution ®ftheand EVO: modules while
it is required for the execution of th&SM:, FLU: , MOCC:andEDI: modules only when nmACROLIB data
structure is available. The information stored on this data structure is described in /microlib/ (see Section 4). It
always includes a /macrolib/ sub-directory (see Section 3) which can be transferred to an indepecsentis
data structure.

2.3 TheGEOMETRY data structure

This data structure is used by DRAGON to transfer the geometry between its modules. It is generally created
by the GEO: module. Such a structure is required for a successful execution of the tracking matRN&E: (
SYBILT: andEXCELT:). It can also be used by tHeSP: module for graphical purpos&®élease 3.04). The
information stored on this data structure is described in /geometry/ (see Section 5). It can include a /geometry/
sub-directory which can be transferred to an independemtMETRY data structure.

2.4 TheTRACKING data structure

This data structure is used by DRAGON to transfer the general tracking information between its modules
including a description of region volumes and mixture contents. It is generally created ByNtie, SYBILT:
andEXCELT: modules. It is required for a successful execution ofAlsM:, FLU: , MOCC; EDI: andEVO:
modules. A newrRACKING data structure can also be created by MRG: module from an OIdrRACKING
(Release 3.03). It can also be used by tiRSP: module for graphical purpos®élease 3.04). The information
stored on this data structure is described in /tracking/ (see Section 6).

2.5 TheAsMPIJ data structure

This data structure is used by DRAGON to transfer the multigroup response and collision probability matrices
between its modules. It is generally created byAlsM: module. It is required for a successful execution of the
FLU: module. The information stored on this data structure is described in /asmpij/ (see Section 7).

2.6 TheFLUXUNK data structure

This data structure is used by DRAGON to transfer the computed neutron flux and current between its modules.
Itis generally created by tHeL.U: andMOCC:modules. It is required for a successful execution ofEb¢: and
EVO: modules. It can also be used by tRSP: module for graphical purpos®élease 3.04). The information
stored on this data structure is described in /fluxunk/ (see Section 8).
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2.7 TheEDITION data structure

This data structure is used by DRAGON to store condensed and merged microscopic and macroscopic cross
section results. It is created by tE®I: module. It is required for a successful execution of @0O: module.
The information stored on this data structure is described in /edition/ (see Section 9). It generally includes a set
of /macrolib/ (see Section 3) and /microlib/ directories (see Section 4) which can be transferred to independent
MACROLIB andMICROLIB data structures.

2.8 TheBURNUP data structure

This data structure is used by DRAGON to store burnup information. It is created Bvf@emodule. Such
a structure may also be required for a successful execution @Rt module. It can also be used by thi:
module. The information stored on this data structure is described in /burnup/ (see Section 10).

2.9 ThecpPo data structure

This data structure is used by DRAGON to store reactor related diffusion coefficients and microscopic and
macroscopic cross sections. It is created by@RO: module. The information stored on this data structure is
described in /cpo/ (see Section 11).

2.10 TherFBMXSDB data structure

This data structure is created by DRAGON for use in diffusion codes. It contains the full reactor database
for different functioning situations characterized by different burnup and local parameters generated using the
feedback model. The information stored on this data structure is described in /fom/ (see Section 12).
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3 CONTENTS OF A/MACROLIB/ DIRECTORY

A /macrolib/ directory always contains the set of macroscopic multigroup cross sections associated with a
list of mixtures. The structure of this directory, is quite different to that associated with an /isotope/ directory (see
Section 13). First, it is multi level, namely, it contains sub-directories. Moreover instead of having one directory per
mixture which contains the associated multigroup cross section, one will have one directory per group containing
multi-mixture information. Finally its contents will vary depending on the module which was used to create it.
Here for convenience we will define the varial¢ to identify the creation module:

0 if the directory is created by thdAC: module
M =< 1 ifthedirectory is created by tHdB: module
2 if the directory is created by tHeDIl: module

In the case where thHdAC: module is used to create this directory, it appears on the first level efAbeoLis
data structure. For the two other cases it is embedded as a sub-directory in a /microlib/ or an /edition/ directory.

3.1 The main /macrolib/ directory

The following records and sub-directories will be found on the first level of a /macrolib/ directory:

Table 3: Main records and sub-directories in /macrolib/

Name Type Condition  Units Comment

SIGNATURE, ,, Cx12 Signature of the data structur@lGNA)

STATE-VECTOR 1(20) Vector describing the various parameters associated with
this data structur&

ADDXSNAME., C(S8M)x6 SM>1 Name of the additional editing cross sectioA®DXS)

FISSIONNAMES C(SM)x8 SM>1 Name of the fissile isotope§IGNAM)

FISSIONNB_ ., I(SM,8M) SM>1 For each mixture and fissile isotopg, f; ; contains a

flag to indicate the presencg; ; = ¢) or absencef; ; =
0) of this fissile isotope in the mixture

FGWITHUPSCAT (S, SM) For each mixture and scattering anisotropy levelthe
maximum group number for which upscattering takes
placeu;

TIMESTAMP, ., R(@3) A vector T} containing three elements. The first element

T, = tis the time in days, the second elem&ht= B is
the burnup in MW d T! and the third elemerif; = w
is the irradiation in Kb!

ENERGY_ . .. RSM+1) M>1 eV Energy group limitsZ,

DELTAU, . .. .. R(SM) M>1 Lethargy width of each group,

EFISS_ .. ...... RSM ,sM) MeV Average energy produced per fissidti ; (Release
3.04)

ALBEDQ,_ . . ... R(SM) M=0 cm® Surface ordered and energy independent physical albedo
Bp.j

VOLUME_, ... R(SM) M=2 cm® Volume of region containing this mixtung,,

SPH-FACTORS R(SY,SM) M =2 Multiregion and multigroup SPH factoys,

continued on next page
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Main records and sub-directories in /macrolib/ continued from last page

Name Type Condition  Units Comment

MATCOD_ ... I(SM) M=2 Mixture number associated with each region after ho-
mogenization

KEYFLX . . . . .. I(SHM) M=2 Element number of the flux vector associated with each
region after homogenization

K-EFFECTIVE , R(1) M=2 Effective multiplication constant.g

FLUXDISAFACT R(SM) M=2 Ratio of the flux in the fuel to the flux in the cefll, after
homogenization

DIFFBIHOM, ., R(SM) SM =2 cm Homogeneous diffusion coefficieft

B2 . BIHOM_ . R() SM >2  cm2Homogeneous Buckling,onm,

B2 _HETE,_ .. R@) S =2  cm2Directional BucklingB,

{/grpdir/; Dir List of G = SM sub-directories which contain the cross
section information associated with a specific grqup

The signature variable for this data structure musSIg®NA=L_MACROLIB,_ . The dimensioning parameters
for this data structure, which are stored in the state vegtby represents:

e The number of group&' = S

e The number of mixtured/,, = SM

e The order for the scattering anisotropy= S

e The number of fissile mixtured’y = S/

e The number of additional editing cross sectigis= S

e The transport correction optiah, = S

0 Do not use a transport correction
Iy = 1 Transport correction fron; scattering
2 Recover transport correction from tReaCROLIB
e The number of precursor groups for delayed neufign= S

e The number of physical albedg, = S}

e The type of leakagé;, = S/

The list of group directory{/grpdir/} namesGRPDIR will be composed using the following FORTRAN in-
structions

WRITE(GRPDIR,  (A5,13,A1,13)")'GROUP,g,"/ G

for1 < g < G. For example, in the case where two group cross sections are considered2], two such
directory would be generated, namely
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Table 4: Example of group sub-directories in /macrolib/

Name Type Condition Units Comment

GROUP_1/ 2 Dir Sub-directory which contains the information associated
with groupg = 1

GROUP_2/ _ 2 Dir Sub-directory which contains the information associated
with groupg = 2

3.2 The group sub-directory /grpdir/ in /macrolib/

Inside each group directory the following records associated with vectorial cross sections will be found

Table 5: Vectorial cross section records in /grpdir/

Name Type Condition  Units Comment

TOTAL, ...l R(N..,) cm! The total cross section?,

TRANC, , . . ... R(NV,,) SM=2 cmt The transport correctiony, ,,,

NUSIGF_ . ... R®m,Ny) Ny>1 cm! The product OE‘?- = the fission cross section with

vd,, the averaged number of neutron produced per
fission,yZ? m
NFTOT._. ... RMW,,Nf) Ny>1 cm! The fission cross sectidn? , ,

FIXE . ... RV s~'cm™3 The fixed neutron source density

FIXA i, R(V,») s™'cm™2 The adjoint fixed neutron source density
(Release 3.04)

CHI il RWVm,Ny) Ny=1 The energy spectrum of the neutron emitted by fis-
sionx4,

FLUX-INTG .., RW.) M=2 cms!  Theintegrated fluxy,

ABS . ... R, M=2 cm! The absorption cross sectiadf ,,

OVERV, . . ... R(N.,) M=2 cmls The inverse of the average neutron velotity?,

PRODUCTION, R(V,.) M=2 cm™! The total neutron production cross sectiof,,

DIFFHOM,_ ..... R(V.,) M=2 cm The homogeneous diffusion coefficigny,

DIFFX_ . ... R, M=2 cm TheX directed diffusion coefficiendy ,,

DIFFY_ . ... R®.) M=2 cm TheY directed diffusion coefficienby ,,

DIFFZ _, . ... R(N.,) M=2 cm TheZ directed diffusion coefficiend? ,,

{xsnamé R(N) N, >1 cm™! List of cross section records specifiedpDXSy

In the case wher&/, = 2 and

NG for k=1

ADDXS = { N2N for k=2

the following cross section records will also be present in each group directory:
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Table 6: Additional cross section records

Name Type Condition  Units Comment
NG R(V,») cm! The neutron capture cross sectiof,,,
N2N_ oo R(N:m) cm! The cross sectionf, ,,, , forthe reactiorf} X +

n—>’§_1 X +2n

The information associated with the multigroup scattering matrix, which gives the probability for a neutron in
grouph to appear in group after a collision with an isotope in mixture is represented by the form:

L

= = 204+ 1 =y N N

So@ - @)= > @ = 3 S W@
=0 =0 m=—1

using a series expansion to ordein spherical harmonic. Assuming that the spherical harmonic are orthonormal-

ized, we can definElhzg in terms ofx! 9 (- — Q') using the following integral:

s = / d*Q8h 90 — V)P (Q- )
4w

Note that this definition OEhHg is not unique and some authors include the fa2ior 1 directly in the different

angular moments of the scatterlng cross section.

Here instead of storing th& x M matrix Z}Hg associated with each final energy graypa vector which
contains a compress form of the scattering matrlx will be considered. We will first define three integer vectors
17 o as M. m.q @NAp7 , , for orderl in the scattering cross section, final energy gro@md mixturem. They will
contain respectively the number of initial energy groap®r which the scattering cross section to graugoes
not vanish, the maximum energy group number for which scattering to the final grdogs not vanishes and the
position in the compressed scattering vector where the data associated with mixXtrreach energy grougpcan
be found. Herey/, , is directly related to], , by

m—1

g _ g
Plma =1+ E : N k.d
P

Now consider the following 4 groups isotropic scattering cross section matrix associated with mixture 1 and 2
(N, = 2) respectively:
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Mixture m = 1 Mixture m = 2
ool |lg=1 g=2 g=3 g=4|g=1 g=2 g=3 g=4
h=1 a, as 0 0 by be 0 0
h=2 0 as Qy as b3 b4 b5 0
h=3 0 ag ay 0 0 b6 b7 0
h =4 0 as O ag O 0 bg bg
hg mod 1 4 3 4 2 3 4 4
no mad 1 4 2 3 2 3 3 1
Py md 1 1 1 1 2 5 3 4
hg m.a 2 4 3 4 2 3 3 4
”o,m@ 2 3 2 3 2 3 2 2
pg,m,a 1 1 1 l 3 4 3 4

The compressed scattering matrix will then take the following form for each final group

Soa = (a1,b3,b1)

Sora = (as,0a6,a3,a2,b6,b4,b2)
Soka = (ar,a4,bs,b7,bs)
ZOkd = (ag,0,as,bg)

Finally, we will also save independently the diagonal element of the scattering matrix:
Eg — ZQHQ

ILmaw — “lm

For the case where the adjoint transport problem is to be solved, the group transpose of the scattering matrix is
required. Sinc&) 0.1, IS stored group by group, evaluating the transpose of this matrix requires a full reconstruction
of the scattering matrix.
(Release 3.04)

One way to bypass this problem is to store, in additiomggc,d which is associated with the scattering to
groupg, a compress matrix{ , , associated with diffusion from group We will also define three integer vectors
17 o ar M. @0dp7,,  in @ way similar ton,, ;. b/, ,andp/, ;. They will contain respectively the number
of final energy groupb for which the scattermg cross section from grgugoes not vanish, the maximum energy
group number for which scattering from the initial grogploes not vanishes and the position in the compressed
scattering vector where the data associated with mixtufer each energy grougpcan be found. As befon@"

is directly related to,, , by

m,a

m—1

) — g
pl,m,a =1+ 2 : nl,k,a
k=1

For the 4 groups isotropic scattering cross section matrix associated with mixture 1&pd=2 2) defined above
we will have:

S0ka = (a2,a1,b2,b1)
S0 ka = (a5,a4,a3,b5, by, b3)
Soka = (ar,a6,b7,bp)
Eo,m = (ao,0,as, by, bs)

In the case where only the order 0 andl = 1 moment of scattering cross section are non vanishing (isotropic
and linearly anisotropic scattering) the following records can be found on the group directory.
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10

Table 7: Scattering cross section records in /grpdir/

Name

Type

Condition

Units

Comment

[ TR T T P

1JJA 0O

[ g W TR TR TR T

[ TR T T P

[ TR T T P

IPOD_1

[ TR T T P

SCAD 1

[ TR T T P

1JJA 1

[ TR T T P

NJJA_1

[ TR T T P

R(Nm)

I(Nm)

I(Nrm)

I(Nm)

R(NOg,m,d)

I(Nrm)

I(Nrm)

[(Nom)

ROVG m.a)
R(Nm)

I(Nrm)

cm!

cm!

The isotropic component (= 0) of the within
group scattering cross sectiﬁ]ﬁ_y

m,w

Highest energy group number for which the

isotropic component of the scattering cross s
tion to groupg does not vanistg , .

Number of energy groups for which the isotropic

component of the scattering cross section to gr
g does not vanishyg .

Location in the isotropic compressed scatter
matrix where information associated with mixtu
m beginsp{ ,,, 4

Compressed isotropic component of the scatte
matrix for scattering to group (zg‘kyd)

Highest energy group number for which the

isotropic component of the scattering cross s
tion from groupg does not vanishj,

g
0,m,a

Number of energy groups for which the isotropic

component of the scattering cross section fr
groupg does not vanishyg

Location in the isotropic compressed scatter
matrix where information associated with mixtu
m beginspg . .

Compressed isotropic component of the scatte
matrix for scattering from group (Eg&a)

The linearly anisotropic component of the with
group scattering cross sectidy ,, ,,

Highest energy group number for which the li
early anisotropic component of the scatteri
cross section to groupdoes not vanish{

Number of energy groups for which the lineanly

ec-

bUp

ng
re

ing

ec-

pm

ng
re

ing

anisotropic component of the scattering cross sec-

tion to groupg does not vanishy{
Location in the linearly anisotropic compress

ed

scattering matrix where information associated

with mixturem beginsp{ ,,,
Compressed linearly anisotropic component of
scattering matrix for scattering to grogp(E‘i k. 2

Highest energy group number for which the li
early anisotropic component of the scatteri
cross section from groupdoes not vanish{

1,m,a

Number of energy groups for which the linearnly

the

anisotropic component of the scattering cross sec-

tion from groupg does not vanishy

g
1,m,a

continued on next page
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Scattering cross section records in /grpdir/

11

continued from last page

Name Type Condition  Units

Comment

IPOA_1 I(N,,) L>1

(I e W TR MR TR TR

SCAAL_ ... RW/,., L>1 cm!

Location in the linearly anisotropic compressed
scattering matrix where information associated
with mixturem beginsp{ ,,
Compressed linearly anisotropic component | of
the scattering matrix for scattering from groyp

(Egly,k,a)

where we have used:

N’nL
g _ g
Nima = E : N m.d
m=1
N,
g — g
N, - nl,m,a

l,m,a

3
l‘
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4 CONTENTS OF A /MICROLIB/ DIRECTORY

A /microlib/ directory contains the set of multigroup microscopic cross sections associated with a list of iso-
topes. It also includes a /macrolib/ directory where the macroscopic cross sections for the mixtures to which are
associated these isotopes are stored (see Section 3). Finally it may contain a /depletion/ directory (see Section 4.2)
which is required for burnup calculation and a /selfshield/ directory which is generated Bythemodule (see
Section 4.3). It is therefore multi level, namely, it contains sub-directories. Note that the contents of such a di-
rectory will vary depending on the module which was used to create or modify it. Here for convenience we will
define the variable\ to identify the creation module:

2 if the directory is created or modified by tE®I: module

1 ifthe directory is created or modified by théB: module
M=
3 if the directory is modified by th&HI: module

In the case where tHdB: module is used to create this directory, it appears on the first level ofitroLIB
data structure. For the other case it is embedded as a sub-directory in an /edition/ directory.

4.1 The main /microlib/ directory

The following records and sub-directories will be found on the first level of a /microlib/ directory:

Table 8: Main records and sub-directories in /microlib/

Name Type Condition Units Comment

SIGNATURE, , Cx12 Signature of the data structuséGNA

STATE-VECTOR 1(20) Vector describing the various parameters associ-
ated with this data structug!”

ENERGY . . ... R(S5 + 1) eV Energy groups limitd?,

DELTAY, ... RS Lethargy width of each groufy,

ISOTOPESUSED C(S3") x 12 Alias name of the isotopd$ALIAS;

ISOTOPERNAME C(S%*) % 12 Reference name of the isotodéES0;

ISOTOPESMIX, I(S3) Mixture number associated with each isotdge

ISOTOPESDENS R(S3") (cm b)~!Isotopic density;

ISOTOPESTEMP R(S3%) K Isotope temperaturg;

ISOTOPESAWR R(S3) nau Isotope weight,

ISOTOPESVOL, R(S3") M=2 cm? Volume occupied by isotopE;

ILIBRARYTYPE C(S7") %8 SI*>1 Library type associated with each iSotdgeT Y ;

ILIBRARYNAME C(S7") %8 S§">1 Library name associated with each isotdfid B,

ISOTOPESCOH C(S7") %8 S >1 Name of coherent scattering type at thermal ener-
giesNCOH;

ISOTOPESING, C(S7")x8 Si*>1 Name of incoherent scattering type at thermal en-
ergiesNINC;

ISOTOPESNTFG I(S3%) S >1 Number of thermal groups involved in coherent|or
incoherent scattering's ;

ISOTOPESHIN, C(S87*)*8 S"*xSjE>1 Name of resonant isotope associated with each
isotopeNSHI;

continued on next page
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Main records and sub-directories in /microlib/ continued from last page

Name Type Condition Units Comment

ISOTOPESSHI, I(S%%) S x8Si5 > 1 Resonant mixture associated with each isotppe
IR

ISOTOPESDSN R(S3") SF+«SE>1 b Standard dilution cross section for isotepg ;

ISOTOPESDSB R(S3") SF+SE>1 b Livolant and Jeanpierre dilution cross section for

HVECT, . ........ C(STE)x6 S >1 Name of additional editing cross sections

TIMESPER R(2,3) M=2 A vector T; ; containing six elements. The ele

{/isotope} Dir List of S3* sub-directories which contain the cross

isotopeoy,j ;

ADDXS,, stored on /macrolib/

ments?;, = t, T2, = B andT} 3 = w are the
lower (j = 1) and upper boundsj (= 2) for the

reference time in days, burnup in MW d T and

irradiation in Kbb~! respectively for which the per,
turbative expansion is validRglease 3.04)

MACROLIB, .., Dir name of directory containing the /macrolib/ asso-

ciated with this library

DEPL-CHAIN__, Dir St >1 name of directory containing the /depletion/ asso-

ciated with this library

SHIBA Dir M= name of directory containing the /selfshield/ asso-

[E TR TR R T

ciated with this library

section information associated with a specific iso-
tope. The name of these directory is specified|by
NALIAS;

The signature variable for this data structure musSIgNA=L_ LIBRARY__,. . The dimensioning parameters
for this data structure, which are stored in the state vegtorrepresents:

The maximum number of mixture¥,, = S7"

The number of isotope¥; = &5"

The number of group& = S5

The order for the scattering anisotropy+ 1 = Sy
The transport correction optial, = S2*

Type of the included /macrolitl, = S7*

[ 1 include the delayed and prompt neutron effect
P71 2 consider only the prompt neutrons

The number of independent librariég;;, = Sg*

The number of fast group¥, s = Sg*

Represents the number of energy groups adaveV to be treated without including resonance effects. Itis
automatically known for isotopes coming from WIMS-D4 or WIMS-AECL format libraries. For the other
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types of libraries, this value is initialized t This value, which is only used by tt&HI: module, can be
modified using the keyworGRMAX

e The number of epithermal group§, . = S7j; including the fast groups.

Represents the total number of energy groups abdveV. This value, is first used for the evaluation of the
transport correction when it is not given explicitly in the original library. It is also used bgHie module
and can be modified locally in this module using the keywBRMIN

e The number of depleting isotop@§; = ST}

e The number of fuel regiond’y, ; = S7%

e The number of additional editing cross sectidfis= S7%

e The number of mixtured/,,, = ST%

e The number of resonant mixtur@g. = S72

e The maximum number of isotopes per mixtug = Si%

e The number of cross section types to proc&¥ss= S75 = 20 + S}

¢ Reserved for the number of energy producing regions without butug S75 (Release 3.04)

¢ Reserved for the maximum order for time dependent perturbaligns ST (Release 3.04)

One will find in Section 3 the description of a /macrolib/ directory and in Section 13 the contents of an /isotope/
directory. Note that ifV; = 2 and

(A TR T TR T T

NALIAS,; = { uuuuuuu

then{/isotope} will correspond to the following two directories:

Table 9: Examples of isotopes directory in a /microlib/

Name Type Condition Units Comment

U235, . . 1 Dir Directory where the microscopic cross sections|of
2351 are stored. These are self-shielded cross segtion
already interpolated in temperature. They corresppnd
to the properties of mixture

Pu239_......3 Dir Directory where the microscopic cross sections|of
239py are stored. These are self-shielded cross sec-
tion already interpolated in temperature. They corre-
spond to the properties of mixtuge

4.2 The depletion sub-directory /depletion/ in /microlib/

The following records and sub-directories will be found on the first level of a /depletion/ directory:
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Table 10: Main records in /depletion/

Name Type Condition  Units Comment

STATE-VECTOR 1(20) Vector describing the various parameters associated
with this directoryS¢?

ISOTOPESUSED C(S¢) 8 Reference name of the isotogé$SOD; present in the
depletion chain

CHARGEWEIGHT I(S¢ Integer identifier for the isotopesX

DEPLETE-REAC 1(S¢,S¢) List of identifier for the depletion of an isotog€?;

DEPLETE-RATE R(S¢,S9) Decay parameters associated with each depletion re-
actionR¢

PRODUCE-REAC I(S¢, S¢) List of identifier for the production of an isotoge’ ;

PRODUCE-RATE R(SY¢, S¢) Production rate associated with each production reac-
tion RY,

FISSIONYIELD R(S¢,S4) Fission yield for each direct fissile isotope to each di-

rect fission product;_, ;

The dimensioning parameters for this directory, which are stored in the state Sectmresents:

The number of depleting isotop@&., = S{
The number of direct fissile isotop@g; = S
The number of direct fission produdty, = S§

The number of heavy isotopeg; = S§

This number represents the combination of fissile isotopes and the other isotopes produced from these iso-
topes by reactions other than fission.

The number of light isotoped’;, = S

This number represents the combination of fission products and the other isotopes produced from these
isotopes by any reaction.

The number of other isotopeé, = S¢

This number represents the other isotopes which are not produced by fission or by reaction with fission
isotopes or fission products but have a depletion chain.

The maximum number of isotopes generating energy without deplating: S¢

The maximum number of independent depletion reaction considered in the depletiod/fhainSg

The maximum number of parent isotopes leading to the production of an isotope in the depletion chain
Mg = 8¢

Note that contrarily to the information stored in the main /microlib/ directory where the reference name of an
isotope NISO;) is represent by £HARACTER*1variable, here £LHARACTER*8sariable is considered for
NISOD;. As a result, an isotope specified BYSO; will be considered as being part of the depletion chain only if
one can find a value df < j < N1 such thalNISO,(1 : 8) = NISOD,.
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In general, the reaction typ&READ,. associated with a given depletion mechanism will be identified by the
microscopic cross section name associated with this reaction. Typically, the contentN&EA®,. will be the
following:

e NREAD,=DECAY,_,, to identify a radioactive decay reaction.

NREAD.=NG, . . ..., toidentify a capture reaction

n+g X — 41X 4y

NREAD3;=NFTOT,_,, to identify a fission reaction

g X — nin+y TP UV 4y

NREAD4=N2N__. ..., toidentify the reaction
otz X — 2in+5 X 4+

The contents of the variablﬁ;’;i is used to specify the properties of reactiofior each isotope under

consideration. Heré(;{i contains two different types of informations namédly. and I,. which are defined as
follows:

d(r)y = K;%i mod 100
K},

i) = o0

where

0 Isotope does not deplete by reactidREAD,.
1 Isotope will deplete by reactioNREAD,.
2 Isotope does not deplete by reactidREAD.,. but yields energy production

d(r) =< 3 Isotope is fissile without fission yield. Valid only fersuch thaNREAD,. = NFTOT
4 Isotope is fissile with fission yield. Valid only farsuch thaNREAD,. = NFTOT
5 Isotope is a heavy fission product. Valid only fosuch thaNREAD,. = NFTOT
6 Isotope is a light fission product. Valid only forsuch thaNREAD,. = NFTOT

andi(r) = O unlesst < d(r) < 6. Whend(r) = 4, i(r) represents the fissile isotope number whiledor) = 5 or
d(r) = 6, i(r) = represents the direct fission product number. The fractional yield for the production of the direct
fission product(r) from the fissile isotopé(r’) is stored in the matri¥;,)_...+). In the case where the reaction
typer represent a radioactive deceﬂljﬁi = ), the decay constant in units ®9® s!, otherwise it represents the
energy generated by reaction in MeV.

The contents of the variablééf’i is used to identify explicitly the parent isotope which generated the current
isotopei. The maximum number of parent reaction for this depletion chaiffds As in the case oKﬁ{i, Kfﬂv
contains two different types of informations namébly and I, which are defined as follows:

r(s) = K, mod 100

KP
is) = 1o

wherer(s) = 0 indicates that the list of parent reaction is complete while > 0 refers to the reaction type
NREAD,.). In the case where(s) > 0, i(s) refers to the parent isotogé!SOD,(,y and st),i is the fractional
branching ratio for the production of isotop¢SOD; via reaction-(s).

4.3 The self-shielding sub-directory /selfshield/ in /microlib/

The following records and sub-directories will be found on the first level of a /selfshield/ directory:
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Table 11: Main records in /selfshield/
Name Type Condition Units Comment
STATE-VECTOR 1(20) Vector describing the various parameters associated

EPS-SHIBA ___,

with this self-shieldingS;?
R(1) Value of the relative convergence criterion for t
self-shielding iterations,

ne

The dimensioning parameters for this directory, which are stored in the state Sectmresents:

e The first group for which self-shielding takes pla€g., = S}
By defaultGyin = Ny y + 1

e The last group for which self-shielding takes plagg.. = S5
By defaultGax = Ng,e

e The maximum number of iteration in the self-shielding calculafioh= S3

e The type of self-shielding optiofy,; = S5

ILJ{

0 for standard self-shielding
1 for self-shielding with Livolant and Jeanpierre equivalence

e The option for processing Goldstein—Cohen approximafign = Sz

IGC:{

0 do not use the Goldstein—Cohen approximation
1 activate the Goldstein—Cohen approximation

e The transport correction option used in self-shielding = S§

ITC:{

0 no transport correction applied in self-shielding calculation
1 use transport corrected cross section in self-shielding calculation
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5 CONTENTS OF A/GEOMETRY/ DIRECTORY

This directory contains a compact description of a geometry.

5.1 The main /geometry/ directory

On its first level, the following records and sub-directories will be found in the /geometry/ directory:

Table 12: Main records and sub-directories in /geometry/

Name Type Condition UnitsComment

SIGNATURE, ,, Cx12 Signature of the data structur@lGNA)

STATE-VECTOR 1(20) Vector describing the various parameters associated
with this data structur€

MIX oo I(SS) The mixture associated with each mesh interval

RADIUS , . . ... RN, + 1) N, >1 cm The radial mesl®; position. The first element of this
vector is identical to 0.0

OFFCENTER_,., R(3) N, >1 cm The displacement of the center of the annular mesh
from the center of a Cartesian cell

MESHX, . ..o RN, +1) N,>1 cm TheX directed mesh positioX;

MESHY, , .. ... RV, +1) Ny>1 cm TheY directed mesh positioh;

MESHZ, . ... R(N,+1) N,>1 cm TheZ directed mesh positio#;

SIDE_ . . ... RQ@) 8 <8¢ <9 cm The width of the side of the hexagéh

SPLITR_ . ... WN-+1) N.>1 Record containing the radial mesh splitting ;. A
negative value permits a splitting into equal volumes;
a positive value permits a splitting into equal radius
spacings

SPLITX . ... I(N,) N, >1 Record containing th& directed mesh splitting,, ;

SPLITY e, (V) Ny, >1 Record containing th¥ directed mesh splitting, ;

SPLITZ . ... WN,) N, >1 Record containing the directed mesh splitting’, ;

IHEX_ oo (D) 8<SEF <9 The type of hexagonal symmetpy,

NCODE_, ... 1(6) Record containing the types of boundary conditions
on each surfacé/s ;

ZCODE,_ ., ... R(®) Record containing the albedo value on each surface
B;

ICODE_ . . ..., 1(6) Record containing the albedo index on each surface
Ig ;. The vectorg; is used only iflg; > 0 and
Ng; = 6. Inthe case wheréz ; < 0 andNg; = 6
the vector3, ; in the directory /macrolib/ is used

NPIN_ . . nnos (D SF=3 Number of identical pins in the cluster ring,;,

RPIN_ . ... R@ S¢ =3 cm Radius of the cluster ring,i,

APIN_ .. ... R@ S¢ = Angle of the first pin in the cluster ring;,

MICRO, . ... (1) SG =1 The type of micro structuré},;ic.o

NS on I(SG SG =1 The number of regions in the micro structures
Nmicro,i

continued on next page
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Main records and sub-directories in /geometry/ continued from last page

Name Type Condition UnitsComment

RS e RESE,SE) SG=1 cm The radii of the tubes or spherical shells making|up
the micro structure® icro,i,;

MILIE __ . . ... I(S5) SG =1 The composite mixture number associated with each
region in the micro structuréSicro ;,;

MIXDIL . . ... (S5 SG =1 The mixture number associated with each regior of

the geometry where the micro structure is to be |in-
sertedDmicro,i,

MIXGR, . .o I(SE.85) SG =1 The mixture number associated with each regior of
the micro structured/micro i,

FRACT, ... RS%,SG) SG =1 The volumetric concentration of each micro structdire
Pmicro,i,j

POURCE. , . ... R(SS) SF =30 The proportion of each cell type in the lattié®

PROCEL_ ... R(S§,85) S¢=30 The pre-calculated probability for a neutron leaving
a cell of typei to enter in a cell of typg without
crossing any other celf; ;

CELL ., ., C(S§)y+12 8§ =1 The names of the sub-geometGHLL ;)

GENERATING,_, I(S§) S¢ =1 The generating sub-geometry index corresponding to
each regiorG, ;

MERGE. . ... I(S§) SG =1 The merging index corresponding to each regjon
Gm,i

TURN, oo (SS) SE =1 The orientation index corresponding to each regjon
G

CLUSTER_. ... C(S%)x12 SG>1 The names of the sub-geometry making up the cluster
(CLUSTERy)

{/subgedy Dir List of sub-directories which contain a subgeometry

. The dimensioning parameters

[l PR TR T PR P

for this data structure, which are stored in the state vegfomrepresents:
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e The type of geometrng where

Virtual geometry

Homogeneous geometry

Cartesian 1-D geometry

Tube 1-D geometry

Sphere 1-D geometry

Cartesian 2-D geometry

Tube 2-D geometry witly directed cylindrical submesh

Cartesian 3—D geometry

Hexagonal 2-D geometry

SlG = 9 Hexagonal 3—D geometry

10 Tube 2-D geometry witlX directed cylindrical submesiRélease 3.04)
11 Tube 2-D geometry with” directed cylindrical submesiiRgélease 3.04)
20 Cartesian 2—D geometry with annular submesh

21 Cartesian 3—D geometry witK directed cylindrical submesh

22 Cartesian 3—D geometry with directed cylindrical submesh

23 Cartesian 3—D geometry with directed cylindrical submesh

24 Hexagonal 2-D geometry with annular submesh

25 Hexagonal 3—D geometry with directed cylindrical submesh

30 Do-it-yourself geometry

0O Ui Wi —= O

e The number of annular or cylindric mesh intervals in the geomdiry= S§

e The number ofX directed mesh intervals or hexagon in the geomatry= S§
e The number ol directed mesh intervals in the geomelvy = S§

e The number ofZ directed mesh intervals in the geomelyy = S§

e The total number of mesh intervals in the geometiy= S§
Ni = N, X Ny x Ny x N,

e The maximum number of mixtures used in this geometty = S

e The cell flagFc = S§

0 Cell option not activated
F.= .
1 Cell option present

e The number of sub-geometries defined in this geom®try= S

e The merge flag’,, = S5,

0 Merge option not activated
F,, = .
1 Merge option present

e The split flagF, = S&

Jo 0 Split option not activated
™71 1 Splitoption present
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e The double heterogeneity fldgy, = SG

o 0 Double heterogeneity option not activated
4= 1 Double heterogeneity option present

The number of cluster sub-geomef¥y; = S,

e The number of regions in the micro structu®g
e The maximum number of annular regions in any micro strucfjte
e The number of micro structures

e The total number of annular regions in the micro structsire

The type of hexagonal symmet#y, is defined as:

S30

SA60

SB60

S90

R120

R180
SA180
SB180
COMPLETE

Bn =

© 00 g O Ui W N+

where the definition of these symmetry can be found in the DRAGON users §u@imilarly the type of boundary
conditions used will be defined in the following way

0 Notused

Void boundary condition

Reflection boundary condition

Diagonal reflection boundary condition
Translation boundary condition condition
Symmetric reflection boundary condition
Albedo boundary condition

DO Wi

The type of micro structuréy,;.., is defined as

o 3 Tubular micro structure
piero 4 Spherical micro structure

In the case wher8§' = 1, the list of directory{/subgeof will have the same name as the variabE_L. For
example, in the case whe&’ = 2 and

GEO1 for k=1

CELL. = { GED2 for k=2

then the following directories will also be present in the main geometry directory:
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Table 13: Cell sub-geometry directory

Name Type Condition Units Comment
GEOl,......... Dir A first /[geometry/ directory
GEO2, . . ... Dir A second /geometry/ directory

In the case wher6;, > 1, the list of directory{/subgeo} will have the same name as the variaBldJSTER,,.
For example, in the case whes$&, = 2 and

RODS1 for k=1

CLUSTERy = { RODS2 for k=2

then the following directories will also be present in the main geometry directory:

Table 14: Cluster sub-geometry directory

Name Type Condition Units Comment

RODS], Dir A first /|geometry/ directory

[ETRRTRTE TR

RODS2, Dir A second /geometry/ directory

[ETRRTRTE TR
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6 CONTENTS OF A /TRACKING/ DIRECTORY

This directory contains the information resulting from an analysis of a geometry using a specific tracking
module of DRAGON.

6.1 The main /tracking/ directory

On its first level, the following records and sub-directories will be found in the /tracking/ directory:

Table 15: Main records in /tracking/

Name Type Condition Units Comment

SIGNATURE, ,, Cx12 Signature of the data structur@lGNA)

STATE-VECTOR 1(20) Vector describing the various parameters associated with
this data structuré?!

TRACK-TYPE,, Cxl12 Type of tracking considered RKT)

TITLE . . .. Cx72 Title of the last editing performedl(TLE)

MATCOD__...... I(S)) Region material\/,.

KEYFLX, oo I(S)) Location in unknown vector of integrated regional fliyx

VOLUME_, . ..., R(SY) cm? Region volumed/,

The signature variable for this data structure mus$IgNA=L_TRACK _, .. ..

(Release 3.04)
The type of tracking considerelRKT can take the following values:

EXCELL for EXCELT: or EXCELL: tracking andM =1
SYBIL for SYBILT: tracking andM = 2
JPM for JPMT: tracking andM = 3
BIVAC for BIVACT: tracking andM = 4

TRKT =

The dimensioning parameters for this data structure, which are stored in the stateSyeefmesents:
e The number of regiond/, = S}

e The number of unknowdv,, = S}

The leakage flad, = S

j 0 Leakage is present
L 1 Leakage is absent

e The maximum number of mixture uséd,, = S}

Number of outer surface$!

The isotropy level for flux calculatio§

St — 0 Isptropic . .
6 1 Linearly anisotropic
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In addition to the above records, the main /tracking/ directory will also contain information which is specific
to each tracking module. This information will be described in the following subsections. Also note that the
contents of theS! vector fori > 7 will depend on the specific tracking module and will be defined in the next three
subsections.

6.2 TheEXCELT: and EXCELL: dependent records on a /tracking/ directory

When theEXCELT: andEXCELL: modules are used\{ = 1), the following elements in the vects will
also be defined.

The following records will also be present on the main level of a /tracking/ diretiory.

The main EXCELL modek?

1 Cartesian
Si={ 2 Hexagonal
3 Cluster

The track normalization flag
—1 No normalization

Sk 0 Track normalization to original volumes
1 Track normalization to merged volumes

The tracking types;

St — 0 Finite tracking TISO)
971 1 Cyclictracking TSPQ
The boundary conditions typ#/,

St 0 Use isotropic boundary conditionBISO)
107 1 1 Use specular boundary conditior23PQ

Note that specular boundary conditions can be used ol i 1.

Number of tracking angleS?,

Angular symmetry factos?,

(Release 3.04)
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Table 16: TheeEXCELT: andEXCELL: records in /tracking/

Name Type

Condition

Units

Comment

EXCELTRACKOP R(3)

ALBEDQ, . ... R()
BC-REFL+TRAN I(St)

EXCELL, Dir

AR TR TR V)

Tracking options including the maximum error allowed

on the exponential functio®;, the tracking density?,
in cm~! and in cnr? for 2-D and 3-D calculations re

spectively, and the maximum distance between an inte-

gration line and a surface permitté} in cm

Surface albed®;

Reflection/transmission matrix localization operafar
(Release 3.04)

Directory containing the EXCELL tracking information

6.3 TheSYBILT: dependent records and sub-directories on a /tracking/ directory

When theSYBILT: module is used {1 = 2), the following elements in the vects¥ will also be defined.

e The main SYBIL modelSt

2 Pure geometry
3 Do-it-yourself geometry
4 2-D assembly geometry

(Release 3.04)

10 Double heterogeneity geometry

e Minimum space required to store tracks for assembly geonsgtry

e Minimum space required to store interface currents for assembly geo&letry

The following sub-directories will also be present on the main level of a /tracking/ dirétory.

Table 17: TheSYBILT: records and directories in /tracking/

Name Type Condition Units Comment

PURE-GEOM.,., Dir St=2 Directory containing the data related to a pure geome

DOITYOURSELF Dir St=3 Directory containing the data related to a do-it-yours
geometry

EURYDICE,, . Dir St=4 Directory containing the data related to an assembly
ometry

BIHET . ... Dir S =10 Directory containing the data related to a double hete

geneity geometry

try
elf

ge-

!ro-




IGE-232 Rev. 3

26

where the directorie®®URE-GEOM/, /IDOITYOURSELF/, /EURYDICE/ and/BIHET/ contain respectively:

Table 18: The contents of ti®YBILT: /PURE-GEOM/ directory

Name Type Condition Units Comment

PARAM, ... 1(6) Record containing the parameters for a SYBIL track
on a pure geometry;

XXX R(Ps + 1) cm X directed mesh coordinates after mesh splitting for ty
2, 5 and 7 geometries. Region ordered radius after i
splitting for type 3 and 6 geometries

YYY i, RM®Ps5+1) cm Y directed mesh coordinates after mesh splitting for ty
5, 6 and 7 geometries

ZZZ, R(Ps + 1) cm Z directed mesh coordinates after mesh splitting for ty
7 and 9 geometries

SIDE . . ... R(1) cm Side of a hexagon for type 8 and 9 geometries

NCODE,_, .. ... l(6) Record containing the types of boundary conditions
each surfacéVs ;

ZCODE_, . ... R(®) Record containing the albedo value on each surface

with the dimension paramet@t;, representing:

e The type of geometrp,

P1

© 00 O Ut W N

Cartesian 1-D geometry
Tube 1-D geometry
Cartesian 2—D geometry
Tube 2-D geometry
Cartesian 3—D geometry
Hexagonal 2-D geometry
Hexagonal 3—-D geometry

e The type of hexagonal symmetgy, = P,

Bn =

© 00 O Uk Wi

S30

SA60

SB60

S90

R120

R180
SA180
SB180
COMPLETE

e The quadrature parametey

e The number ofX directed or radial mesh intervals in the geoméry

pe
esh

pe

pe

on
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e The number ol directed mesh intervals in the geomeRy

e The number ofZ directed mesh intervals in the geomeRy

The type of boundary conditions used will be defined in the following way

27

0 Notused

1 Void boundary condition

2 Reflection boundary condition

Ngj; =4 3 Diagonal reflection boundary condition

4 Translation boundary condition condition

5 Symmetric reflection boundary condition

6 Albedo boundary condition

Table 19: The contents of tI&YBILT: /DOITYOURSELF/ directory
Name Type Condition Units Comment
PARAM, ..., 1(3) Record containing the parameters for a SYBIL tracking
on a do-it-yourself geometrg;

NMC, . (M) Offset of the first region in each cell
RAYRE, ... R(N, M) cm  Radius of the tubes in each cell
PROCEL, . ... R, M) Geometric matrix
POURCE . .... RW) Weight assign to each cell
SURFA, . ....... RM) cm?  Surface of each cell

with the dimension paramet@t;, representing:

e The number ofcelP; = M — 1

e The quadrature parametes

e The statistical optiorP;

e The maximum number of region per c@ly = N

Table 20: The contents of tf&YBILT: /EURYDICE/ directory

Name Type Condition UnitsComment

PARAM, . ..., 1(15) Record containing the parameters for a SYBIL tracking
on an assembly geometB;

XX omnnees RPs) cm X thickness of the generating cells

continued on next page
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The contents of th8YBILT: /EURYDICE/ directory

28

continued from last page

Name Type Condition  UnitsComment

YY.  inoos  RMPs) cm Y thickness of the generating cells

NMC,_ . . .onne 1(Ps) Offset of the first region in each generating cell

RAYRE, , ... R(M) cm Radius of the tubes in each generating cell

MAIL . I(Ps) Offset of the first tracking information in each generati
cell

ZMAILL ... 1(Pi5) The integer tracking information

ZMAILR_, . ..., R(Pis) cm The tracking length

IFR o, (P4, P1a) Index numbers of incoming currents

ALB. . . . .l R(P4, P14) Albedo or transmission factors corresponding to incgm-
ing currents

INUM_ _ooonnn 1(Pg) Index number of the merge cell associated to each cell of
the assembly

MIX i, (P53, PLa) Index numbers of outgoing currents

DVX i R(Ps, P14) Weights corresponding to outgoing currents

IGEN_, ... . I(P5) Index number of the generating cell associated to each

merged cell

with the dimension paramet@t;, representing:

e The type of hexagonal symmetR;

Py

Cartesian assembly
S30

SA60

SB60

S90

R120

R180

SA180

SB180

COMPLETE

© 00O Uik W+~ O

e The type of multicell approximatiof?,

e The type of cylindrizatiorPs

e The total number of cell®,

e The number of merged celfg;

e The number of generating cel%

e The number of distinct interface curreris

e The number of angles for 2-D quadrati®e

e The number of segments for 2-D quadratre
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e The number of segments for homogeneous 2-D @alls

e The number of segments for 1-D cefbg;

7312{

The type of quadrature in angle and sp#&:e

P13:{

The number of outgoing interface currents per &gl

The track normalization optiof,

0 Normalize the tracks
1 Do not normalize the tracks

0 Gauss quadrature
1 Equal weight quadrature

Table 21: The contents of tf&YBILT: /BIHET/

The number of array elements in the tracking arrBys

29

directory

Name Type Condition  Units Comment

PARAM_ . ... 1(8) Record containing the parameters for a SYBIL tracking
on a double heterogeneity geomeRy

NS s (PY Number of tubes or shells in each kind of micro structure

Bl o iionns 1(P3) Type of mixture in each generating region of the macro
geometry

RS o R(P4, M) cm  Radii of the micro regions

FRACT, ... R(Py, P2) Volume fraction of each type of micro region in each
composite mixture

VOLK, . .o.oons RP4,Ps) Volume fractions of the tubes or shells in the micro re-

gions

with the dimension paramet@t;, representing:

e The number of ordinary mixtures pointing to thecroLIB. P;

e The number of mixtures, including the composite mixtures (i.e., containing micro struckres)

e The number of regions in the macro geomefy

e The number of different kinds of macro structuf@s

A kind of macro structure is characterized by the radii of its tubes or shells. All the micro region of the same
kind should own the same nuclear properties in a given macro region.

e The maximum number of regions (tubes or shells) in each kind of macro strd@tureM — 1

e The main SYBIL model for the macro geometPy
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e The type of micro region®;

P 3 Cylinder
"7 4 Sphere

e The quadrature parameter for the 1-D collision probability calculation in the micro stru®gres

6.4 TheJPMT: dependent records and sub-directories on a /tracking/ directory

When theJPMT: module is usedA1 = 3), the following elements in the vects¥ will also be defined.
(Release 3.04)

e The main JPM mode$*:

2 Pure geometry
3 Do-it-yourself geometry
St = 4 2-D assembly geometry
5 2-D cluster geometry
0 Double heterogeneity geometry

e Minimum space required to store tracks for assembly geong#try
e Minimum space required to store interface currents for assembly geo&letry

e Flag to specify if the individual cell collision probability must all be recomputed even if the properties of
specific cells have not been modifi&él,

Sto— 0 Always recompute all blocks probabilities
1071 1 Recompute probabilities only for modified blocks

e Total number of blocks in the domad#t,

e Total number of generating blocl&,

¢ Total number of distinct outgoing currenf$,
e Total number of incoming current$,

e Total number of outgoing curreng

e Dimension of PSS vecta#!

e Dimension of ICM vectosS;,

The following records and directories will also be present on the main level of a /tracking/ diréctory.

Table 22: The]PMT: records and directories in /tracking/

Name Type Condition  Units Comment

[ VR R TN TR R T T Y

IFR I(St, Index numbers of incoming currents

continued on next page
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TheJPMT: records and directories in /tracking/

31

continued from last page

geneity geometry

Name Type Condition Units Comment

ALB . i R(St) Albedo or transmission factors corresponding to incam-
ing currents

INUM o, I(St1) Index number of the merge cell associated to each cell of
the assembly

MIX, i I(S%) Index numbers of outgoing currents

DVX i R(Sty) Weights corresponding to outgoing currents

IGEN_, . 1(S%) Index number of the generating cell associated to gach
merged block

ISURF__ . .. .. I(St,) Number of surfaces associated with a generating block

CHORD.,. . ..., R(SY) Mean chord length associated with each block

MUL, 1(S%5) Position of diagonal element in compress response matrix

IMA 1(S%5) Position of first non zero element in compress respgnse
matrix

/PURE-GEOM/ Dir St=2 Directory containing the data related to a pure geometry

/DOITYOURSELF/  Dir St =3 Directory containing the data related to a do-it-yourself
geometry

/EURYDICE/ Dir St=4 Directory containing the data related to an assembly|ge-
ometry

/ICLUSTER/ Dir St=5 Directory containing the data related to a cluster geome-
try

/BIHET/ Dir St =10 Directory containing the data related to a double hetero-

where the directorie®URE-GEOMY/, /DOITYOURSELF/, /EURYDICE/ , /BIHET/ and/CLUSTER/ contain

respectively:
Table 23: The contents of ttlPMT: /PURE-GEOM/ directory

Name Type  Condition Units Comment

PARAM_, ... 1(6) Record containing the parameters for a JPM tracking
a pure geometrp;

XX o R(Ps) cm X directed mesh coordinates after mesh splitting for ty
2, 5 and 7 geometries. Region ordered radius after n
splitting for type 3 and 6 geometries

YY.  innos  RMPs) cm Y directed mesh coordinates after mesh splitting for ty
5, 6 and 7 geometries

ZZ R(Ps) cm Z directed mesh coordinates after mesh splitting for ty
7 and 9 geometries

on

pe
esh

pe

pe
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with the dimension paramet@t;, representing:

e The type of geometrp,

Py

© 00 O UL Ww N

Cartesian 1-D geometry
Tube 1-D geometry
Cartesian 2—-D geometry
Tube 2-D geometry
Cartesian 3—D geometry
Hexagonal 2-D geometry
Hexagonal 3—D geometry

e The type of hexagonal symmetty, = P,

Br =

© 00 3O Uk W —

S30

SAG0

SB60

S90

R120

R180
SA180
SB180
COMPLETE

e The type of IC approximation between the blodks

Ps =

1
2

D P, for all surfaces
DP, for all surfaces

3 DP, forinner surfaces wittD P, for outer surfaces

e The quadrature parametgy

e The number of mesh intervals in the geoméedgy

Table 24: The contents of tiPMT: /DOITYOURSELF/ directory

32

Name Type Condition Units Comment

PARAM_, ... I(5) Record containing the parameters for a JPM tracking
a do-it-yourself geometrgp;

NMC, . s (M) Offset of the first region in each cell

RAYRE, , ... R, M) cm  Radius of the tubes in each cell

PROCEL, . ..... R, M) Geometric matrix

with the dimension paramet@t;, representing:

e The numberofcelP; = M —1

on
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e The type of IC approximation between the blodks

Py =

1 DP, for all surfaces
2 DP; for all surfaces
3 DP; forinner surfaces wittD P, for outer surfaces

e The quadrature paramet®y

e The statistical optioP,

e The maximum number of region per cély = N

Table 25: The contents of ti#*MT: /EURYDICE/ directory

Name Type Condition Units Comment

PARAM, , ... I(11) Record containing the parameters for a JPM tracking
an assembly geomet®;

ITGEN_ . ..., (M) The type of generating block

COORD.,. ... R@3, M) cm Dimensions of the generating blocks

MAIL . (M) Offset of the first tracking information in each generati
cell

ZMAILL _ . ... 1(P1) The integer tracking information

ZMAILR_, . ... R(Pi) cm The tracking length

on

with the dimension paramet@t;, representing:

e The type of multicell approximatiof?;

e The type of cylindrizatiorP,

e The type of IC approximation between the blodks

Py =

1 DP, for all surfaces
2 DP, for all surfaces
3 DP; forinner surfaces wittD P, for outer surfaces

e The number of angles for 2-D quadratdte

e The number of segments for 2-D quadratre

e The number of segments for homogeneous 2-D @&fls

e The number of segments for 1-D ceifbs

e The track normalization optioRs

|

0 Normalize the tracks
1 Do not normalize the tracks
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e The type of quadrature in angle and sp@ge

Py — 0 Gauss quadrature
71 1 Equal weight quadrature

e The number of array elements in the tracking arrBys

e The number of cell element®;; = M

Table 26: The contents of tHiEPMT: /CLUSTER/ directory

Name Type Condition  Units Comment

PARAM. . ... 1(11) Record containing the parameters for a JPM tracking on
a cluster geometrp;

YSIDE . ... R@ cm Y directed side of a Cartesian geometry

NRINFQO, . ... 1(2,P¢) Rod location information

RAN, oo R(Ps) cm  Radii of the annular regions

NRODS .. ... I(Ps,P1) Rod information

ROD,__oieo R(3,Pr) Rod location

RODR___..... R(Ps,Pr) cm  Rod radii

with the dimension paramet@t;, representing:
e The type of IC approximation between the bloGks

1 DP, for all surfaces
P1 =< 2 DP forall surfaces
3 DP; forinner surfaces wittD P, for outer surfaces

e The type of cluster reconstructigpy,

D, — 1 Direct
271 2 Surface splitting

e The number of 2-D quadrature anglés

e The number of 2-D integration segmefits
e The number of 1-D quadrature segmeRis
e The number of annular regiori%;

e The number of rod typeB-

e The maximum number of subrods per rBg
e The total number of surfacé®,

e The number of outer surfacéy
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e The maximum track lengti®;;

Table 27: The contents of ttl°PMT: /BIHET/ directory

Name Type Condition  Units Comment

PARAM_, ... 1(9) Record containing the parameters for a JPM tracking on
a double heterogeneity geomefpy

NS . s (P3) Number of tubes or shells in each kind of micro structure

IGl s (P2) Type of mixture in each generating region of the macro
geometry

RS R(Ps, M) cm  Radii of the micro regions

FRACT, . . ... R(Ps, P1) Volume fraction of each type of micro region in each
composite mixture

ISURF2_, . ... 1(P2) Number of surfaces associated with a generating blo¢ck

CHORD2_..... R(Pg) Mean chord length associated with each block

with the dimension paramet@t;, representing:
e The number of ordinary mixtures pointing to thecroLIB. P;
e The number of regions in the macro geomefy

e The number of different kinds of macro structuf@s

A kind of macro structure is characterized by the radii of its tubes or shells. All the micro region of the same
kind should own the same nuclear properties in a given macro region.

e The maximum number of regions (tubes or shells) in each kind of macro strd@tured! — 1
e The main JPM model for the macro geomegy

e The type of micro region®s

D — 3 Cylinder
"7\ 4 Sphere

e The quadrature parameter for the 1-D collision probability calculation in the micro stru@ures

e The type of IC approximation between the blodks

1 DP, for all surfaces
Ps =< 2 DP forall surfaces
3 DP; forinner surfaces wittD P, for outer surfaces

e The total number of surfacé®,
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7 CONTENTS OF A /ASMPI1J/ DIRECTORY

This directory contains the multigroup collision probability and response matrices required in the solution of
the transport equation.

7.1 The main /asmpij/ directory

On its first level, the following records and sub-directories will be found in the /asmpij/ directory:

Table 28: Main records and sub-directories in /asmpij/

Name Type Condition Units Comment

SIGNATURE, ,, Cx12 Signature of the data structur@lGNA)

STATE-VECTOR 1(20) Vector describing the various parameters associated with
this data structuré;

{/grpdir} Dir List of S¢ sub-directories which contain the properties
associated with each energy graoup

The signature variable for this data structure musSIGNA=L PIJ _ . . ... . The dimensioning parameters
for this data structure, which are stored in the state veftorepresents:
(Release 3.04)

e The option to indicate the type of system matrix to be stored. It can be an isotropic collision probability a
directional collision probability or a response matrix are stored on the structur@(3edlJK , ARMin
DRAGON user manual). Herg> = S can take the following values:

—1 the system responses matrices will be stored gl
Ip = 0 only isotropic collision probability matrices will be stored (§&id )
1 isotropic and directional collision probability matrices will be stored @BEKK )

e The type of collision probabilities consideréd = S$ where

To— 0 scattering reduced collision probability or response matrix
71 1 direct collision probability or response matrix (SBEIP)

e The residual system matrix presenge= S§ where

j 0 residual system matrix present
RB= 1) 1 residual system matrix not stored (3¢&R2

e The type of collision probability closure relation uskd = S5

1 no closure relation used on cell with leakage
0 no closure relation used on cell without leakage
1 total reflection closure relation (S®EORW
2 Selengut closure relation (sé&BS)
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The type of collision probability normalization method used (see keyWdi®Rn DRAGON). Herely =
2 can take the following values

no normalization

HELIOS type normalization
Gelbard normalization algorithm
diagonal element normalization
non linear normalization

Iy =

W= O

The collision probability calculation grouping algorithm (see keywstdBGn DRAGON). HereN, = S¢
is the number of simultaneous groups to process for each integration line.

Number of groupss = S¢

Number of unknown in flux systerdv,, = S§
Number of mixturesV,,, = S

Anisotropy orderN; = S§,

Number of generating cel§gen= Sf4
Number of regionsV, = Sf,

Number of surfaced/; = St
DimensionP;s matrix Npss= Siy

Dimension of ICM matrixN;cy, = Sis

The list of group directory{/grpdir/} namesGRPDIR will be composed using the following FORTRAN in-
structions

WRITE(GRPDIR,  (A5,13,A1,13)")'GROUP,g,"/ G

for 1 < g < G. For example, in the case where two group collision probability matrices are considere@),
two such directory would be generated, namely

Table 29: Example of collision probability directories

Name Type Condition Units Comment

GROUP_1/ . 2 Dir Sub-directories which contain the information associated

with groupg = 1

GROUP_2/ .2 Dir Sub-directories which contain the information associated

with groupg = 2

7.2 The group sub-directory /grpdir/ in /asmpij/

Inside each group directory the following records will be found
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Table 30: Collision probability directories

Name Type

Condition

Units

Comment

DRAGON-TXSC R(N,, + 1)

DRAGON-SOXSC R(N,, + 1)

DRAGON-PCSCT R(N,, N,.)

DRAGON1PCSCTR(N,, N,)

DRAGON2PCSCTR(N,, N,)

DRAGON3PCSCTR(N,, N,)

DRAGON1P*SCT R(N,, N,)

DRAGON2P*SCT R(N,, N,)

DRAGON3P*SCT R(N,, N,)

DRAGON-PIS,, R(,)

cm!

cm~!

The total cross sectioR?, for N, + 1 mixtures
assuming that the first mixture represents vo
(35, =0)

The within group scattering cross sectiBg ;.
(see Section 3.2) foN,,, + 1 mixtures assuming
that the first mixture represents vod{,,, ,, = 0)
The scattering modified collision probability ma
trix P/, or direct collision probability matrix’;
The X directed scattering modified collision prolp
ability matrix P/,  or direct collision probability
matrix P,

TheY directed scattering modified collision prob
ability matrix P¢, . ~or direct collision probability
matrix P, |

The Z directed scattering modified collision prob
ability matrixPsg)ij,Z or direct collision probability
matrix P .

The isotropic currenX directed scattering mod
ified collision probability matrixP?;’ , or direct
collision probability matrixP;;”,

The isotropic current” directed scattering mod
ified collision probability matrixPé‘{’i?y or direct
collision probability matrixP;’7

The isotropic currenZ directed scattering mod
ified collision probability matrixP/; _ or direct
collision probability matrixP;’;”

The leakage matri®;,

id
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8 CONTENTS OF A /FLUXUNK/ DIRECTORY

This directory contains the main flux calculations results, including the multigroup flux, the eigenvalue for the
problem and the diffusion coefficients when computed.

8.1 The main /fluxunk/ directory

On its first level, the following records and sub-directories will be found in the /fluxunk/ directory:

Table 31: Main records and sub-directories in /fluxunk/

Name Type Condition Units Comment

SIGNATURE,,, Cx12 Signature of the data structur@iGNA)

STATE-VECTOR 1(20) Vector describing the various parameters associated with
this data structurs?

EPS-CONVERGE R(3) Convergence parametefs

K-EFFECTIVE_, R(1) 1< S{ <5 Computed or imposed effective multiplication constant
for eigenvalue problem

FLUXDIRECT, A6 Dir /flux/ directory containing the direct solution to the trans-
port equation

PSEUDOADJ_., Dir Sif >1 [flux/ directory containing the pseudo-adjoint solution|to
the transport equation

FLUXADJ, ..., Dir Sif >2 fflux/ directory containing the adjoint solution to the
transport equation

PSEUDOGENADJDir Sif >3 [flux/ directory containing the generalized pseudo-adjoint
solution to the transport equation

FLUXGENADJ_, Dir Sif >4 [flux/ directory containing the generalized adjoint solu-
tion to the transport equation

where each /flux/ directory contains
Table 32: Contents of a /flux/ directory
Name Type Condition Units  Comment
1/EIGENVALUE R(1) 1< S{ <5 Computed or imposed effective multiplication constant

for eigenvalue problem
B2 . BIHOM_ . R() 2<8/ <5 cm? Homogeneous buckling?
DIFFB1HOM R(G) 2 < S{ <5 cm Multigroup homogeneous leakage coefficietits

(LTI

PNL. o, R@)  1<8f <2 Non-leakage probabilitie@,{ll_ (absent ifS{ + 0)

continued on next page
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Contents of a /flux/ directory continued from last page
Name Type Condition Units Comment

B2 _HETE,_ .. R@) Si>5 cm~2  Directional buckling component8?

{flxcur} R(Ny) cm~2s~'Multiregion flux/current vecto®,,

The signature variable for this data structure mussigNA=L FLUX

[ERTRR RN TR TR

for this data structure, which are stored in the state ve&forepresents:

The dimensioning parameters

e The type of solution considerdd = S{ where

No flux calculation, fluxes taken from input file

k. eigenvalue problem with fission and no leakage

k.; eigenvalue problem with fission and fixed leakagB?)

k. eigenvalue problem with fission and fixétt

Buckling eigenvalue problem with fission and leakage
Buckling eigenvalue problem without fission but with leakage
Fixed source problem, no eigenvalue

o
I
o T W — O

e The type of leakage modé| = S-2f where

No leakage model

Homogeneou®NLRcalculation

Homogeneou®NL calculation

HomogeneouSIGS calculation
HomogeneouALSB calculation

Heterogeneous leakage with imposed buckling
Heterogeneous leakage with Buckling search
Heterogeneous leakage withBuckling search
Heterogeneous leakage withBuckling search
Heterogeneous leakage with radial Buckling search
Heterogeneous leakage with total Buckling search

=~
Il
—_
S O 00 IO UL W =O

Number of free iteration per variational acceleration cy§le= SJ

Number of accelerated iteration per variational acceleration dygle- SL{

Thermal rebalancing optiof). = Sg where

[ 0 No thermal iteration rebalancing
"7 1 1 Thermal iteration rebalancing activated

Maximum number of inner (thermal) iterationg;, = Sg where

Maximum number of outer iteration®gt = Sé" where
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e Adjoint calculation option/ 4 = ng where

no adjoint

pseudo-adjoint calculation

pseudo-adjoint and adjoint calculation

generalized pseudo-adjoint calculation
generalized pseudo-adjoint and adjoint calculation

Iy =

=W N = O

e The number of groupd/’; = Sg where
e The number of unknown&’;; = S}, where
The convergence parametexs represents:

e AfS is the inner iteration flux convergence parameter
o AS is the outer iteration eigenvalue convergence parameter

o Af is the outer iteration flux convergence parameter

In the case of & group calculation( flxcur records will be present on this directory, one for each graup
The explicit name of these records is created using the following FORTRAN instruction:

WRITE(flxcur, (A4,13)") 'FLUX , g

In the case of a two group calculatioN§ = 2) we will then find on /fluxunk/ the following records:

Table 33: Two groups flux/current records on /fluxunk/

Name Type Condition Units  Comment
FLUX 1 ..., ROy cm~2s~ ! Multiregion flux/current vecto®,, in groupg = 1
FLUX ., 2 . ... R(Ny) cm~2s~! Multiregion flux/current vecto®,, in groupg = 2
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9 CONTENTS OF A /EDITION/ DIRECTORY

This directory contains the main editing results. For the purpose of illustration we will assume tE&lIthe
module is executed using the following data:

EDITING := EDI: FLUX LIBRARY VOLMAT ::
MERG COMP COND 27 69 FLIB ALL
SAVE ON EDITCELL2G ;

where EDITING is the finalEDITION data structure. The data structufelsUX, LIBRARY and VOLMATare
respectively of typ&LUXUNK, MICROLIB andTRACKING. Assuming that the initial number of regioROLMAT
is N and the number of groups INBRARY is G = 69, then the final information that will be stored in the
EDITING data structure will represent a two grou@.(= 2) one mixtureN; /microlib/.

9.1 The main /edition/ directory

On its first level, the following records and sub-directories will be found in the /edition/ directory:

Table 34: Main records and sub-directories in /edition/

Name Type Condition Units Comment

SIGNATURE, ,, Cx12 Signature of the data structur@lGNA)

STATE-VECTOR 1(20) Vector describing the various parameters asspci-
ated with this data structug®

TITLE ... .. Cx72 Title of the last editing performedl(TLE)

LAST-EDIT __,, Cxl12 Name of the last editing sub-directory saved
(LAST)

REF-IMERGE,_ I(S%5) Merged region number associated with each of the
original original region numbe#/,.

REF-IGCOND, , I(S5) Old group limits associated with the merged
groupsCy,

CARISO, . ... C(ISs] —1)*12 |S§| > 2 Name of isotopes save during the last editing
(NAMI)

IACTI _ o (S5 |Sg| > 1 Original mixture numbers for which activation
data was generatedl(,)

{/micdir/} Dir List of sub-directories which contain the editing
information

The signature variable for this data structure musSIgdNA=L _EDIT _ .. ...
for this data structure, which are stored in the state veStorepresents:

. The dimensioning parameters

e The number of homogeneous mixtures saiad = S¢ for the last editing step
e The number of condensed groups considévkd = S$ for the last editing step

¢ An editing flag to indicate the presence of 4 factor editing= S5 for the last editing step
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e An editing flag to indicate that the upscattering contributions have all been transferred to the diagonal part
of the scattering matrixUU = S5 for the last editing step

e The number of mixture activated 4 = S¢ for the last editing step
¢ An editing flag to indicate the types of statistics generateBBY. Is = S§ for the last editing step

¢ An editing flag to indicate the type of SPH equivalence factor usé&bh Irr = S5 for the last editing
step

¢ An editing flag to indicate the type of SPH equivalence normalization considered us&d:in/ gy = S§
for the last editing step

e The type of microscopic cross sectidyp = S§ for the last editing step

e The print level consideref], = S§, for the last editing step

¢ An editing flag to indicate the types of cross section savéeDit I, = Sf; for the last editing step
e The type of flux weighting used for anisotropic scattering= S¢, for the last editing step

e The maximum number of isotopes per mixtg = Sy,

e The maximum number of condensed groups in all edifitg= St

e The maximum number of homogeneous mixtures in all edififg= S5

e The total number of ISOTXS files generatéff: = S¢;

The list of directory{/micdir/} namesEDIDIR will be composed according to the following laws. In the case
where the set of keywordSAVE ONare used followed by a directory name as above, the conte &SIEfIR will
be identical the name of the specified directory (HeDdTCELL2G_, ). If the SAVEoption is used without spec-
ifying a specific directory, then the first eight character&BfDIR (EDIDIR(1:8) ) will be given asREF-CASE
while the last four characteEDIDIR(9:12) ) will be a unique character variable representing the successive
directory saved. This character variable will be created as follows:

WRITE(EDIDIR(9 : 12), (14)") J

wherel < J represents theth execution of th&€DI: module. In the case above, we would have a single editing
directory of the form:

Table 35: Example of an editing directory

Name Type Condition Units Comment

EDITCELL2G_,, Dir Two groups /microlib/ sub-directory




IGE-232 Rev. 3 44

10 CONTENTS OF A /BURNUP/ DIRECTORY

This directory contains the main burnup information, namely the multigroup flux and the isotopic concentration
at each time or burnup step.

10.1 The main /burnup/ directory

On its first level, the following records and sub-directories will be found in the /burnup/ directory:

Table 36: Main records and sub-directories in /burnup/

Name Type Condition Units Comment

SIGNATURE, ,, Cx12 Signature of the data structur@lGNA)

STATE-VECTOR 1(20) Vector describing the various parameters associated with
this data structurs?

EVOLUTION-R, R(5) Vector describing the various parameters associated with
the burnup calculation options;

DEPL-TIMES__, R(S)) 10%s Vector describing the various time steps at which burpup
information has been savéd

FUELDEN-INIT R(2) Vector giving the initial density of heavy element in the
fuel ps (g cm—3) the initial mass of heavy element in the
fuelmy ()

{/depldir} Dir List of S5 sub-directories which contain the properties
associated with each burnup stEp

The signature variable for this data structure musSIg®NA=L_BURNUP,_, . . The dimensioning parameters
for this data structure, which are stored in the state veftprepresents:

e The type of solution considerdd = S? where

I 1 Fifth order Runge—Kutta method
1 2 Forth order Kaps—Rentrop method

The type of burnup considerdd = S}

0 Out of core or zero flux/power depletion
I, =< 1 Constant flux depletion
2 Constant power depletion

e Number of time steps for which burnup properties are present in this diretiory S5

Number of isotopesV; = S}

Number of group€: = St where

Number of regionsV,. = g where
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The list of directory{/depldir/} namesDEPLDIR will be composed according to the following laws. The first
eight charactefEPLDIR(1:8) ) will always be given byDEPL-DAT. The last four characteDEPLDIR(9:12) )
represents time step saved. For the case wivgitime steps were saved we would use the following FORTRAN
instructions to create the last four character of each of the directory names:

WRITE(DEPLDIR(9 : 12)," (14)") J
for 1 < J < N, with the time stamp associated with each directory being giveff by For the case where

(IV; = 2), two such directory would be generated, namely

Table 37: Example of depletion directories

Name Type Condition Units Comment

DEPL-DAT__ 1 Dir Sub-directories which contain the information associated
with time step 1

DEPL-DAT_ .2 Dir Sub-directories which contain the information associated
with time step 2

10.2 The depletion sub-directory /depldir/ in /burnup/

Inside each depletion directory the following records and sub-directories will be found:

Table 38: Contents of a depletion sub-directory in /burnup/

Name Type Condition  Units Comment

ISOTOPESDENS R(NVy) (cmb)! Isotopic densitiep; for each of the isotopes de
scribed in the /microlib/ directory where the order
of the isotopes is also specified

FLXDIR_ . .... RW,,G) cm~2s7!  Multiregion and multigroup flux¢d where for
each energy group the flux associated with the|re-
gion are stored successively

FLUX-NORM_ ., R(1) Flux normalization constant. It is zero for out of
core depletion and represent the normalization of
the flux ¢J that is used to ensure that the cell in-
tegrated flux or power is that required when fix
flux or power burnup is requested

DELTA . . ... R(2) Fuel burnup (MW d T1) and irradiation (Kb'!)
increments between the current time step and|the
preceding time step

BURNUP-IRRAD R(2) Fuel burnup (MW d T1!) and irradiation (Kbt)
reached at this time step

1%
o
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11 CONTENTS OF A /CPO/ DIRECTORY

This directory contains a burnup dependent hierarchical reactor data base. For the purpose of illustration we
will assume that th€PO: module is executed using the following data:

COMPO := CPO: EDITING BURN ::
BURNUP REF-CASE
EXTRACT ALL
NAME MIXTH ;

whereEDITING is aEDITION data structure which contains 2 homogeneous mixtures, evaluated and saved at
2 time stepsBURNis a BURNUP data structure containing information for the successive burnup calculations
required to generatEDITING and finally COMPGs the finalcpo data structure which contains the resulting
reactor database directory.

11.1 The main /cpo/ directory

On its first level, the following records and sub-directories will be found in the /cpo/ directory:

Table 39: Main records and sub-directories in /cpo/

Name Type Condition Units Comment

SIGNATURE, ,, Cx12 Signature of the data structurf®lGNA)

STATE-VECTOR 1(20) Vector describing the various parameters associated with
this data structuré?

{/mixdir/} Dir List of Sf sub-directories which contain the homoge-
neous mixture information

. The dimensioning parameters

e R T TR T

for this data structure, which are stored in the state vegfprepresents:
e The total number of homogeneous mixtures saWed= S¢
e The maximum number of groups considerdd: = S5
e The maximum number of isotopdg; = S5
e The maximum order for the scattering anisotragy, = S
e The maximum number of burnup steps per mixtukés = S¢

The list of directory{/mixdir/} namesMIXDIR will be composed according to the following laws. The
first eight characterMIXDIR(1:8) ) will be identical to the first 8 character of the user data following the
keyword NAMEin the CPO: module (hereMIXTH_,_, , and by defaultCOMPQ , ). The last four character
(MIXDIR(9:12) ) represents the various homogeneous mixture number saved @pthe@N data structure.

For the case wher®&y; such mixtures were available we would use the following FORTRAN instructions to create
the last four character of each of the directory names:

WRITE(MIXDIR(9 : 12), (14)") J
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for 1 < J < Np. For the example given abov&/’f; = 2), two such directory would be generated, namely

Table 40: Example of homogeneous mixture directories

Name Type Condition Units Comment

MIXTH,_ . ...1 Dir Sub-directories which contain the information associated
with homogeneous mixture 1

MIXTH 2 Dir Sub-directories which contain the information associated

SR PR TR TR T T

with homogeneous mixture 2

11.2 The mixture sub-directory /mixdir/ in /cpo/

Inside each mixture directory the following records and sub-directories will be found:

Table 41: Contents of a mixture sub-directory in /cpo/

Name Type Condition  Units Comment

TITLE . . oo Cx72 Title of the run which produced this mixture

PARAM. . ... 1(4) Vector describing the various parameters asspci-
ated with this data structurg;

VOLUME_, ... R@) cm? Volume of the region to which was associated this
homogeneous mixture in trEDITION data struc-
tureV

ENERGY, . . ... R(G +1) eV Energy groups limitd’,

BURNUP_ . . ... R(Py) MW d T—! Burnup reached at the different burnup stéhs

N/KB_ s, R(Py) Kb~! Fuel irradiation reached at the different burnup
stepswy,

ISOTOPESNAME C(Ps) * 12 Name of the various isotopes saved for this mijix-
turelSO;

{/brndir/} Dir List of sub-directories which contain the burnup
dependent properties associated with an homoge-

neous mixture

The following parameters are storgd

e The number of groups for this homogeneous mixtdre- P; such thatz < Mg

e The number of isotopes in this mixtufé = P, such thatl < Ny < M;

e The order of the scattering anisotropy for this mixtig = Ps such thatv, < My,
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e The number of burnup steps for this mixtukg; = P, such thatl < Ny < Mp

The list of directory{/brndir/} namesBRNDIR will be composed according to the following laws. The
first eight characterBRNDIR(1:8) ) will all be identical and equal t@URN, .. .. The last four character
(MIXDIR(9:12) ) will represents the different burnup steps saved orethigiON data structure. For the case
whereNpg steps were available, the following FORTRAN instructions are used to generate the last four character
of each of the directory names:
WRITE(BRNDIR(9 : 12), (14)") J

for1 < J < Np. For the example given abov&/’; = 2), two such directory would be generated, namely

Table 42: Example of homogeneous mixture directories

Name Type Condition Units Comment

BURN,. .. ...1 Dir Sub-directories which contain the information associated
with burnup step 1

BURN, . . ..o 2 Dir Sub-directories which contain the information associated
with burnup step 2

11.3 The burnup sub-directory /brndir/ in /cpo/

Inside each burnup directory the following records and sub-directories will be found:

Table 43: Contents of a burnup sub-directory in /cpo/

Name Type Condition  Units Comment

ISOTOPESDENS R(N;) (cmb)! Isotopic densitiep;

ISOTOPES-EFJ  R(Vy) J Energy produced per fission in joule (W s) for this
isotopeH;

FLUX-INTG__ . R(G) cmst The integrated fluxp?,

OVERY, , ... R(@G) cm~ls The inverse of the average neutron velotity?,

FLUXDISAFACT R(G) Ratio of the flux in the fuel to the flux in the cell
Fg

{/isotope¥ Dir List of N; sub-directories which contain the iso-
topic microscopic cross section properties for this
burnup step

The list of directory{/isotope} namesISODIR is that specified by th&sODIR = ISO; for i = 1 to Nj.
Note that the first isotope isotope always represents an equivalent macroscopic isotope. The name of this isotope
uuuuuuuu and it has a constant density bf) (cm b)~!. The content of the isotopic

multigroup cross section directory is given in Section 13.
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12 CONTENTS OF A /FBM/ DIRECTORY

(Release 3.03)
This directory contains a burnup and local parameter dependent hierarchical reactor data base. For the purpose
of illustration we will assume that theFC: module was execute for a CANDU reactor.

12.1 The main /fom/ directory

On its first level, the following records and sub-directories will be found in the /fom/ directory:

Table 44: Main records and sub-directories in /fom/

Name Type Condition Units Comment

SIGNATURE,, , Cx12 Signature of the data structur®GNA)

INFORMATION, Cx72 Name of the databas&lAMDB)

{/matdir/; Dir List of material sub-directories containing a homoge-
neous material

The signature variable for this data structure muSIGNA=REACTOR_XSDB he list of directory{/matdir/}
namesMATDIR will be composed according to the following laws. The first eight charabléTDIR(1:8) )
will be identical to the first 8 character of the user data following the keyWwNAMEn the CFC: module. The last
four characteriMATDIR(9:12) ) represents the various homogeneous mixture number saved 6BMTBXS
data structure. For the case whéyg such mixtures were available we would use the following FORTRAN
instructions to create the last four character of each of the directory names:

WRITE(MATDIR(9 : 12), (14)") J
for1 < J < Npg. As an example, if we specifiddNAME MATIH the execution of th€FC: and we considered

Ny = 2, two such directory would be generated, namely

Table 45: Example of homogeneous mixture directories

Name Type Condition Units Comment

MATH,_.....1 Dir Sub-directories which contain the information associated
with homogeneous material 1

MATH, . . . ... 2 Dir Sub-directories which contain the information associated
with homogeneous material 2
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12.2 The material sub-directory /matdir/ in /fom/

Inside each material directory the following records and sub-directories will be found:

Table 46: Contents of a material sub-directory in /fom/

Name Type Condition  Units Comment

PARAM . . ..., 1(4) Vector describing the various parameters associ-
ated with this data structur@;

HITAB . . ... C(Pz) x 12 Name of the isotopic sub-directori&sO;

VOLUME,_._ ... R(1) cm?® Volume of the region to which was associated this
homogeneous material in tlE®ITION data struc-
tureV

MASS, . . ... R(1) kg Initial massM of heavy elements used for the byr-
nup procedure

ENERGY_ . . ... R(P, + 1) eV Energy groups limitd?,

BURNUP_. ... R(P,) MW d T—! Burnup reached at the different burnup stéhs

N/KB_ ., R(Pa) Kb—1! Fuel irradiation reached at the different burnup
stepswy,

JTAB, . I(P2) Record containing the type of data stored in each
isotopic sub-directory;

ISOTOPESNAME C(P3) * 12 Name of the various isotopes saved for this mijix-
turelSO;

INFO-NOMINAL Dir Information sub-directories containing the nom-
inal local parameters, date of execution and
DRAGON version. It may also contain informa-
tions about the geometry, tracking and the library
used

{/brndir/ Dir List of sub-directories which contain the burnup
dependent properties associated with an homoge-
neous mixture

The following parameters are stored/n

e The number of groups for this homogeneous mixtdre- P; such thatz < Mg

e The number of isotopes in this materis} = P, such thatl < N; < M;

e The order of the scattering anisotropy for this mixtivg = P53 such thatv, < My,
e The number of burnup steps for this mixtukg; = P, such thatt < Ny < Mp

The list of directory{/brndir/ namesBRNDIR will be composed according to the following laws. The
first eight characterBRNDIR(1:8) ) will all be identical and equal t@URN, , , .. The last four character
(BRNDIR(9:12) ) will represents the different burnup steps saved orethig1ON data structure. For the case
whereNpg steps were available, the following FORTRAN instructions are used to generate the last four character
of each of the directory names:

WRITE(BRNDIR(9 : 12), (14)") J
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for 1 < J < Npg. For the example given abovéV = 2), two such directory would be generated, namely
BURN 1 andBURN 2 containing the information associated with burnup step 1 and 2 respec-

[y TR TR TR TRT—) [T T T T

tively.

12.3 The information sub-directory /INFO-NOMINAL/ in /fom/

Inside each such information directory the following records will be found:

Table 47: Contents of the information sub-directory of /fom/

Name Type Condition  Units Comment

R(4) A Vector P; containing 4 elements. The first €|
ementP; = P is the burnup power in kW/kg
the second elemer?; = T, is the coolant tem-
perature in K, the third elemed®; = T, is the
moderator temperature in K and the last element
P, =Ty represents the fuel temperature in K

NOMINALP

[ESyTE—T—Y

NOMINALN, ..., C(4) =12 A vector NP; containing the name of the nomj-
nal parameters. The first elementN$; =PW
the second element NP; =TCOOL the third
element isNP; =TMODand the last element is
NP, =TFUEL

DATE-VERSION Cx72 Date and version of DRAGON used to create this
databas®V

LIB-TRK-GEO ,, CxT72 DRAGON options used to create this databage

12.4 The burnup sub-directory /brndir/ in /fom/
Inside each burnup directory the following records and sub-directories will be found:
Table 48: Contents of a burnup sub-directory in /fom/

Name Type Condition  Units Comment

ISOTOPESDENS R(N;) (cmb)! Isotopic densitiep;

DCR, i, R(Ny) s! Radioactive decay constant for each isotape

FLUX-INTG__ ., R(G) cms! The integrated fluxby,

OVERY, , ... R(G) cm~ls The inverse of the average neutron velotijty?,

FLUXDISAFACT R(G) Ratio of the flux in the fuel to the flux in the cell
Fy

HISTORY , . ... Dir Sub-directory containing the pseudo-fissile iso-
tope history coefficients.

continued on next page
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Contents of a burnup sub-directory in /fbm/ continued from last page

Name Type Condition  Units Comment

{/fbmiso}} Dir List of N; sub-directories which contain the isp-
topic microscopic cross section properties for this
burnup step

The list of directory{/fbmiso/} namesISODIR is that specified by th&SODIR = ISO; for i = 1 to Ny in
Section 11. Note that the first isotope isotope always represents an equivalent macroscopic isotope. The name of
this isotope is alwayE5SODIR=MACR ., ........ and it has a constant densityob (cm b)~!. The content of the
isotopic multigroup cross section directory is given in Section 14.

12.5 The history sub-directory /HISTORY/ in /brndir/

Inside each history directory the following records and sub-directories will be found:

Table 49: Contents of an history sub-directory /HISTORY/ in /brndir/

Name Type Condition Units Comment

CHIS , . ... R® (cmby! Coolant density historyd,

FHIS . . ....... R K Coolant temperature histo®yr
PHILL ... R kW/kg First high power level histor¥{; ;
PHIL2 . . . ... R(1) kW/kg Second high power level histof, -
PHIS1 . . ... R(1) kW/kg First low power level historyds ;
PHIS2 . . ... R(1) kW/kg Second low power level histo#y, -
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13 CONTENTS OF A /ISOTOPE/ DIRECTORY

Each isotope directory always contains a cross section identifier record which must be used to verify if a given
cross section type has been saved for this isotope. For the case where the scattering cross section is expanded up
to orderL in Legendre polynomial, this record has the form:

Table 50: Isotopic cross section identifier record

Name Type Condition  Units Comment

XS-SAVED . ... W21+ L) Vectorky, to identify the various type of cross sec
tions saved for this isotope

The first 20 components &f;, indicate the presence of different vector properties for this isotope while the last
L + 1 components refer to information pertaining to the scattering matrix. Because we can store on this isotopic
directory in addition to constant vector properties, time dependent isotopic vector properties in the form of the
coefficients of a power series expansion:

we must be able to specify explicitly presence of these various terms siginche presence of the recor)gyi in
this directory is ensured if the condition

Fi(l{k) =1
is satisfied, withZ’; (k) being defined in terms of the modulo functiard as follows
Fi(kg) = % mod 2

We will describe later in this section how the different tewfis are stored fof = 1, I. Here we will first consider
the more usual case where constant vector reactions are stored on the isotopic directory. Moreover, the maximum
value of! permitted for each isotope is specified Ny as defined in Section 4.1R¢lease 3.04)

Table 51: Isotopic vector reaction records

Name Type Condition Units Comment

1 b The multigroup total cross sectioti

1 b The multigroup transport correctiorf.

1 b The product ofajl, the multigroup fission cross
section withv9, the averaged number of neutron
produced per fission,o}

TOTAL, ... R@GB) Fy(x1)
TRANQ“_“_“_“_“_M R(G) Fo(lig)
NUSIGF R(G) Fo(K3)

[E TR TR Ry

continued on next page
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Isotopic vector reaction records continued from last page
Name Type Condition Units Comment
NFTOT, . ...... R(@G) Fo(ky)=1 b The multigroup fission cross sectio@
CHI_ . R@G) Fo(ks) =1 The multigroup energy spectrum of the neutron
emitted by fissiong?
NU, oo R(G) Fo(ke) =1 The multigroup averaged number of neutron pro-
duced per fissiom?
N[ CH RG) Fo(k7)=1 b The multigroup neutron capture cross sectign
NHEAT, ... R(@G) Fy(kg)=1 MeVb The product ofaj{, the multigroup fission cross
section WithH 9, the averaged energy emitted per
fission, H a
N2N oo R(@G) Fy(ke)=1 b The multlgroup Cross sectlcmrf 2n) for the reac-
tion4X +n —5 " X +2n
N3N, . e R(@G) Fy(ki0)=1 b The multigroup Cross sectim*fm%) for the reac-
tion4X +n —5 2 X +3n
NAN R(G) Fo(ki1)=1 b The multigroup cross sectimfwm) for the reac-
tion X +n —5 % X +4n
NP o R(G) Fo(kiz)=1 b The multigroup cross sectioffn ) for the reac-
ton4X +n—4 , X+p
NA . oonnee R@G) Fo(kiz)=1 b The multigroup cross sectiorfn o) for the reac-
tion4X +n —5"5 X +a
GOLD, . . ..o R(@G) Fo(ka) =1 The multigroup Goldstein—Cohen parametgfs
ABS o R(G) Fo(kis)=1 b The multigroup absorption cross sectigh
NWTO, . ., R(G) Fo(kig)=1 s 'em? The multigroup weighted neutron flux spectrum,
o
STRD, ... R(@G@) Fy(ki7)=1 b The multigroup transport cross section homoge-
nized over all directions?,
STRD X, . ..o R(G) Fo(kis)=1 b The X directed multigroup transport cross sectipn
g
Utr,x
STRDY_ . ... R(@G) Fylki9)=1 b TheY directed multigroup transport cross sectipn
g
Utr,y
STRDZ . ... R(G) Fo(k)=1 b The Z directed multigroup transport cross sectipn
g
Utr,z

The multigroup scattering cross section matrix, which gives the probability for a neutron in igtowgppear
in groupg after a collision with this isotope is represented by the form:

. N+1 - = _
oo ) = 3 2 B ol = Z Z ¥ (@)Y () o)
=0 =0 m=—1

using a spherical harmonic series expansion to ofd€kssuming these spherical harmonic are orthonormalized,
namely:

dQQYlm (Q')}/ltn,(ﬁ) = 5m,’m’5l,l’
A
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we can definerl}Hg in terms ofo"—9( — ') using the following integral:

o — /4 20o"=9(5 — GBS - )

Note that this definition o ¢ is not unique and some authors include the fagfor 1 directly in different
angular moments of the scattering cross section.

Here instead of storing on the theSex G matriceSUl}Hg, a vector which contains a compress form for this
matrix will be considered. This choice is justified by the fact that the number of energy groups which will lead
to scattering in a specific group is generally relatively small compared to the total number of groups in the library
and that these groups are clustered around the final energy group. Here we will first define two different integer
vectorsn] andh{ for each order in the scattering cross section and for each final energygwhiph will contain
respectively the number of successive initial energy groups for which the scattering cross section does not vanish
and the maximum energy group number for which scattering to the final grdeps not vanishes. Accordingly,
for a scattering cross section of the form:

or ||g:1 g=2 g=3 g=4

h=1 ay as 0 0
h=2 0 as aq as
h=3 0 ae ar 0
h=4 0 as 0 ag
g 1 4 3 4
nd 1 4 2 3

The compress scattering matrix will then contain the following information:

_ h'—1 _hl-1-1 hl—ni+1—1 _h2-2 hG —ng+1—G
ch—<al , 0] NN ,0) N

which for the example above leads to
o1, = (a1, as, ag, as, az, ar, as, ag, 0, as)
As aresults” ¢ can be reconstructed using

0 if h> hY
ohma =)0 it h<hY —nd+1
of. otherwise k=39 nl+h!{ —h+1

Finally, we will also save the total scattering cross section vector of émhich is defined as

G
h __ h—g
Ols = § :Gl
g=1

In the case where only the order= 0 moment of scattering cross section is non vanishing (isotropic scattering)
the following records can be found on the isotopic directory.
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Table 52: Optional scattering records

Name Type Condition Units Comment

SIGS 0 ... R©®G Fy(ko1)=1 b The isotropic componeni (= 0) of the multi-
group total scattering cross sectia‘»g]S

133 .0 s I(G) Fo(ko1) =1 Highest energy group number for which the

isotropic component of the scattering cross sec-
tion to groupg does not vanishj]
NJJ_ . 0. s I(G) Fo(kar) =1 Number of energy groups for which the isotropic
component of the scattering cross section to group
g does not vanish;
SCAT O, . ., R(Z?:1 ny) Fo(kar1)=1 b Comprekssed isotropic component of the scattefing
matrixog .

If the scattering cross section is expanded to ofdef 0 in legendre polynomials, additional set of scattering
records similar to those described above will be present in the case where the condition

Fo(ko141) =1

is satisfied. The first four character and last 6 characters in the names of these records will again be identical to those
described above while character 5 and 6 will differ from level to level. For example, thelordércompressed
scattering matrix will be identified b CAT 5., ... ..., while for orderl = 50 we will useSCAT50 ., ...

Finally, consider the case where higher order time dependent perturbations are considered, for example order
I = 2. Inthis case, the first and second order correction record correspondipgvith be present in the directory
if the condition:

Fi(kr) =1

is satisfied fori = 1 andi = 2. The name associated with these records will be similar to that of the time
independent contribution to this record except that last three charagter¥ §re replaced byIN fori = 1 and
QUAfor ¢ = 2. Moreover the units associated with each of the real records will be multiplied respectivety by d
and d-2 (assuming in the power series expansion is given in days). For example, assumingandl = 1, for

an isotope with only total and scattering cross sections, we will find the following records on the directory.

Table 53: Example of isotopic cross section recorddfef 1 and/ = 1

Name Type Condition Units Comment

TOTAL, ....... R@G Fo(k1)=1 b The multigroup total cross sectiot

TOTAL, .. LIN R(G) Fi(k1)=1 d'b The first order perturbation in the multj-
group total cross sectiofA(o9)

SIGS_ 0., ... R(G) Fo(ka1)=1 b The isotropic component (= 1)of the
multigroup total scattering cross section
o,

continued on next page
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Example of isotopic cross section recordsfor= 1 and/ = 1

57

continued from last page

Name

Type

Condition

Units

Comment

SIGS_0 LIN

e

[EETEN TR

(I SN VI TR T T VI

SCAT.0

[E TR TR Ry

SCAT.0 LIN

[T

SIGS_1

[ o WV TR TR T

SIGS_1 LIN

[ L W TRT)

[ETE L TR T

[ VRN o VI R TS TR VI

R(G)

I(G)

I(G)

I(G)

I(G)

R(Zle ng)

R(Z§:1 n(g),1)
R(G)
R(G)

I(G)

I(G)

Fi(ka1) =1

Fo(lizl) =1

Fl(ligl) = ].

Fo(ligl) = ].

Fi(ko1) =1

F()(K,Ql) = 1

Fl(lizl) =1

Fo(K,Qg) =1

Fi(ke2) =1

Fo(lizg) =1

Fl(ligg) =1

Fy(ka2) =1

d='b

d='b

The first order perturbation in the isotropic

component of the multigroup total scatte
ing cross sectiol\ (o )
Highest energy group number for whig

the isotropic component of the scattering

cross section to groupdoes not vanishes
g
Highest energy group number for whig
the first order perturbation in the isotrop
component of the scattering cross sect
to groupg does not vanisheﬁ&1

Number of energy groups for which th
isotropic component of the scattering crg
section to groug does not vanishes,)
Number of energy groups for which th
first order perturbation in the isotropi
component of the scattering cross sect
to groupg does not vanishes,og’1

=
1

0

Compressed isotropic component of the

scattering matrix{ .

Compressed first order perturbation in the

isotropic component of the scattering m
trix A(of; )

The linearly anisotropic component &
1) of the multigroup total scattering cros
sectionAo? ,

The first order perturbation in the linear
anisotropic component of the multigroy
total scattering cross sectidi?
Highest energy group number for whig
the linearly anisotropic component of th
scattering cross section to grogploes not
vanishesh{

Highest energy group number for whig
the first order perturbation in the linear
anisotropic component of the scatteri
cross section to groupdoes not vanishes
h s
Number of energy groups for which th
linearly anisotropic component of the sca
tering cross section to group does not
vanishesn{

Do =

< =5

g

at-

continued on next page
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Example of isotopic cross section recordsfor= 1 and/ = 1 continued from last page
Name Type Condition Units Comment
NJJ . 1. . LIN I(G) Fi(ke) =1 Number of energy groups for which the

first order perturbation in the linearl
anisotropic component of the scattering
cross section to groupdoes not vanishes,

<

g9
nia
SCAT 1 . . ... R(Z(]G:1 nd Fo(kaa) =1 b Compressed linearly anisotropic compo-
' nent of the scattering matrix{ .
SCAT.1_, . LIN R(Zg;:1 ni’)l) Fi(ky) =1 d7'b Compressed first order perturbation in the

linearly anisotropic component of the scat-
tering matrixA (o7 )

Note that most of these cross sections are not required to perform a cell calculation in DRAGON. In fact, in the
DRAGON transport calculation, only?, o7, uafc, x? and the isotropic and linearly anisotropic scattering matrix
are used. For burnup calculations, depending on the depletion chain prescribed (either on the WIMS—-AECL or
WIMS-D4 format libraries or as an input to DRAGON) the following cross sections may be requi?edng,

g .2m)" an 307 0‘7 )’ af 2" af . Finally, when editing isotopic cross sections, all the cross sections types

inthe | I|brary will be processed.

A final note on the use of the transport correction and the homogenized and directional transport cross section.
In DRAGON, the transport correction cross section is used to correct the total and isotropic scattering cross section

using the relations

g _— g _ 49

O—C = g O—tc
9g—g _ 9g—g g
Uc,O = 0p — Otc

On the other hand the so-called homogeneous and directional transport cross section obtained using

,_\

of, = (3Djy)"

ofe = (DY
Utgny = (3D§) o
of,. = (3D~

where the diffusion coefficients are computed in the editing module for the case where the homogeneous and/or
directional diffusion coefficients are known (from an homogeneous or heterogeneous buckling calculation in the
flux module of DRAGON). If a transport calculation without leakage was performed in DRAGON, an approximate
diffusion coefficients given by

1
D= ——"-——
4 (3(0-9 - O?,s))

will be used to compute?...
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14 CONTENTS OF A /ISOFBM/ DIRECTORY
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(Release 3.03)

Most of the records found in an /isotope/ directory now becomes sub-directoriesinxsDB isotope direc-

N is

on

tory.
Table 54: Isotopic vector reaction sub-directory

Name Type Condition Units Comment

TOTAL, ...l Dir The multigroup total cross section sub-directory

NUSIGFE, ... Dir The sub-directory where the product oﬁ, the
multigroup fission cross section with¥, the av-
eraged number of neutron produced per fissio
stored

NFTOT, . .. Dir The multigroup fission cross section sub-directory

CHI Dir The multigroup energy spectrum of the neutr
emitted by fission sub-directory

STRD, . ... Dir The multigroup transport cross section sub-
directory

H-FACTORS, ,, Dir The sub-directory containing the product
the macroscopic and microscopic fission cro
section times the energy recovered by fission

The multigroup scattering cross section matrix are again stored in a format similar to that described in Sec-
tion 13. The main difference here is tHa€AT_0
rather than records. We will therefore have:

andSCAT 1

[ESTE TR}

Table 55: Scattering records and sub-directories

now represent sub-directories

isotropic component of the scattering matrix

ec-

bUp

Name Type Condition Units Comment

13 0. i I(G) Highest energy group number for which the
isotropic component of the scattering cross s
tion to groupg does not vanishi

NJJ O . . @& Number of energy groups for which the isotropic
component of the scattering cross section to gr
g does not vanishy)

SCAT,0 Dir The sub-directory containing the compressed

continued on next page
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Scattering records and sub-directories continued from last page
Name Type Condition Units Comment
133 1 . . @ P3>1 Highest energy group number for which the

isotropic component of the scattering cross sec-
tion to groupg does not vanishi{
NJJ_1 I(G) Ps>1 Number of energy groups for which the isotropic
component of the scattering cross section to group
g does not vanishy{

SCAT 1., ... Dir Py >1 The sub-directory containing the compressed lin-
early anisotropic component of the scattering ma-
trix

Finally each of the above cross section directory will contain the following information:

Table 56: Cross section sub-directories

Name Type Condition  Units Comment

REF . s R(V,.) Reference cross section

D1C . . i R(V,.) First order coolant density feedback coefficients

D2C ., R(V:) Second order coolant density feedback coeffi-
cients

DIM, R(NV,.) First order moderator density feedback coeffi-
cients

D2M, s R(V,) Second order moderator density feedback coeffi-
cients

T1C i, R(V,.) First order coolant temperature feedback coeffi-
cients

T2C i R(NV.) Second order coolant temperature feedback cpef-
ficients

TIM L oicoeen R(N.) First order moderator temperature feedback coef-
ficients

T2M. L iceon R(N,) Second order moderator temperature feedback co-
efficients

TIF R(V,.) First order fuel temperature feedback coefficients

T2F i, R(V,.) Second order fuel temperature feedback coeffi-
cients

BOR, . ., R(V,.) Boron concentration feedback coefficient

NP239 . . . ... R(V,) 239Np concentration feedback coefficient

SM149 R(V,) 1499m concentration feedback coefficient

XEN, oonnnon R(V,) 135X e concentration feedback coefficient

continued on next page
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Cross section sub-directories continued from last page

Name Type Condition  Units Comment

FPCL, .. ..l R(V,.) First order pseudo-fissile isotope concentratjon
feedback coefficient

FPC2 ., R(V,.) Second order pseudo-fissile isotope concentration
feedback coefficient

MIXFD,_ i, R(V,.) Mixed density/temperature feedback coefficient
for coolant

Note that in the abové&/, = G when vector cross sections are considered whijle= Zle n? for scattering
cross sections.
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