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SUMMARY

The computer code DRAGON contains a collection of models that can simulate the neutron behavior of a unit
cell or a fuel assembly in a nuclear reactor. It includes all of the functions that characterize a lattice cell code,
namely: the interpolation of microscopic cross sections supplied by means of standard libraries; resonance self-
shielding calculations in multidimensional geometries; multigroup and multidimensional neutron flux calculations
that 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.['# These data structures are the DRAGON equivalent of UNIX directories which can contain either
files (here records) or sub-directory. They can be stored directly in memory (LINKED LIST) or on a direct access
binary file (XSM_FILE) via the LCM utilities available in the GANLIB library of utilities.!*-®!

The main difference between a data structure and a UNIX directory is that the concept of file is now replaced
by that of record where each record contains a specific number of elements of a fixed type. For example, consider
an array V of dimension N = 5 that contains real valued elements. This array can be saved in the record named
VOLUME of a data structure identified by IPDATA 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)

where NVOL=5 is the length of the real array VOL=V . The variable ITREC is the record type which in this case
takes the value of ITREC=2 to indicate that the information to be saved is of type REAL.!®! Such a record will be
described in this report by the following table.

Table 1: The VOLUME record in the IPDATA structure

Name Type  Condition Units Comment

VOLUME R(N) m3 Contents of the volume vector V.

[AYRSTENTE TRy

In the general case we will have

Table 2: Example of records saved in a data structure

Name Type Condition  Units Comment
INTEGERARRAY 1(3) array containing 3 INTEGER valued elements.
REALARRAY , ., R(N) F>1 m?  optional array containing N REAL valued elements. This

array is present in the data structure only if /' > 1. The
elements in the array have dimensions of cm? .
NAMESARRAY__, C(N)*12 array of CHARACTER* 12 variables.
DIRECTORY_ ., Dir Sub-directory.

Here the first column contains a CHARACTER* 12 variable identifying the record, the second column (I(1), R(N),
C(N) * 12 and Dir) describes the type of record and its length, the third column provides the condition required
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for the record to be present in the data structure (present only if F' > 1), the fourth column describes the units
(m?) and finally the last column provides a brief description of the record contents. For INTEGER, REAL and
DOUBLE PRECISION records of length NV, we will use respectively I(/V), R(/V), and D(V) to identify the type
of record and its length while for a CHARACTER* L record of dimension N the notation C(N) * 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 sometime mix the concept of data structure (denoted DDS) and directory (/DIR/) even
if they represent different object. In fact, both concepts are identical form the storage point of view. The main
difference is then the fact that a data structure always contains the SIGNATURE_,_,  and STATE-VECTOR records
on the first level while the presence of these records is generally optional in directories. Moreover, 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 refers to the various hierarchical sublevels
found inside this data structure.

1.1 Notation used in this report

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

—

DDS represents a data structure.
/DIR/ represents a directory.
{/dir/} represents a list of directory.

RECORD,_DIR_, , 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 with 1 b=10"24 cm?.
Kb  kilobarn, a unit of surface or microscopic cross section with 1 Kb=10? b.
S second, a unit of time.

d day, a unit of time with 1 d=86400 s.

J joule, an unit of energy.

eV electron volt, a unit of energy with 1eV=1.602 x 107 J.
MeV Mega-electron volt, a unit of energy with 1 MeV=10° eV.
w watt, a unit of power with 1 W=1J/s.

MW Megawatt, a power unit with 1 MW= 105 W.

g gram, a unit of mass.

au  atomic unit, a unit of mass with 1 au=1.660381 x 10724 g.
nau neutron atomic unit, a unit of mass with 1 nau=1.008665 au.

T tonne, a unit of mass with 1 T=10° g=10 kg.

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

In this section we will provide a brief description of the contents of the various data structures used or generated
by DRAGON. The explicit records and directories present in each structure will be described in later sections. We
will also mention the DRAGON module that will interact with the different data structures.¥!

2.1 The MACROLIB data structure

The standard data structure that contains group ordered macroscopic cross sections. It can be a stand-alone
structure or it can be included into a larger structure, such as a MICROLIB or an EDITION structure. It can be
created by the MAC:, LIB: and EDI: modules. It can also be modified by the SHI : and EVO: modules. Such a
structure (either stand-alone or as part of a MICROLIB) is also required for a successful execution of the ASM: and
FLU: modules. The information stored on this data structure is described in /MACROLIB/ (see Section 3).

2.2 The MICROLIB data structure

The standard data structure that contains microscopic and macroscopic cross sections libraries. It always
include a MACROLIB substructure. It can be a stand-alone structure or included into a larger structure, such as an
EDITION structure. It can be created by the LIB: and EDI : modules. It can also be modified by the MAC:, SHI:
and EVO: modules. Such a structure (the /MACROLIB/) is required for a successful execution of the ASM: and
FLU: modules. The information stored on this data structure is described in /MICROLIB/ (see Section 4).

2.3 The GEOMETRY data structure

The standard data structure that contains a block description of a geometry. It can be a stand-alone structure or
included into a larger structure, such as in a/GEOMETRY/ sub-directory. It is created by the GEO: module. Such
a structure is required for a successful execution of the modules JPMT :, SYBILT:, EXCELT:,EXCELL:,NXT:,
BIVACT: and PSP:. The information stored on this data structure is described in /GEOMETRY/ (see Section 5).

24 The TRACKING data structure

The standard data structure that contains the general tracking information. In fact, the TRACKING data structure
generated by the EXCELT:, EXCELL: and NXT: also contains a compact description of the geometry that can
be used for illustration purpose. It can be created by the JPMT:, SYBILT:, EXCELT:, EXCELL: and NXT:
modules. A new TRACKING data structure can also be created from an old TRACKING using the MRG: module.
Such a structure is also required for a successful execution of the ASM: , FLU: ,MOCC,MCU:,EDI:,EVO:,MRG:,
PSP:, SAD: and PER: modules. The information stored on this data structure is described in /TRACKING/ (see
Section 6).

2.5 The ASMPI1J data structure

The standard data structure that contains the multigroup response and collision probability matrices. It can be
created using the ASM: and EXCELL: module. Such a structure 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 The FLUXUNK data structure

The standard data structure that contains the problem eigenvalue and the multigroup fluxes and adjoints. It is
created by the FLU:, MOCC:, MCU: and SAD: modules. Such a structure is required for a successful execution
of the EDI: and EVO: modules. It can also be used by the PSP: module. The information stored on this data
structure is described in /FLUXUNK/ (see Section 8).
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2.7 The EDITION data structure

The standard data structure that contains condensed and merged microscopic and macroscopic cross section
libraries. It can contain /MACROLIB/ (see Section 3) and /MICROLIB/ (see Section 4) sub-directories. It is
created by the EDI: module. Such a structure is required for a successful execution of the CPO: module. The
information stored on this data structure is described in /EDITION/ (see Section 9).

2.8 The BURNUP data structure

The standard data structure that contains the burnup information. It is created by the EVO: module. Such a
structure is also required for a successful execution of the CPO: module. It can also be used by the LIB: module.
The information stored on this data structure is described in /BURNUP/ (see Section 10).

2.9 The CPO data structure

The standard data structure that contains a basic, burnup dependent, reactor database It is created by the CPO:
module in DRAGON for use in finite reactor diffusion codes (DONJON!"! for example). Such a structure is
required for a successful execution of the CFC: module. The information stored on this data structure is described
in /CPO/ (see Section 11).

2.10 The FBMXSDB data structure

The standard data structure that contains a full reactor cross section database with Feedback coefficients. It is
created by the CFC : module in DRAGON for use in finite reactor diffusion codes (DONJON!! for example). The
information stored on this data structure is described in /EBM/ (see Section 12).

2.11 The HISTORY data structure

This data structure contains the information required to ensure a smooth coupling of DRAGON with DONJON
when a history based full reactor calculation is to be performed.®! It is used only by the HST: module. The
information stored on this data structure is described in /HST/ (see Section 13).
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3 CONTENTS OF A /MACROLIB/ DIRECTORY

A /MACROLIBY/ directory contains the set of macroscopic multigroup cross sections associated with a list of
mixtures. The structure of this directory, is quite different from that associated with an /ISOTOPE/ directory (see
Section 14). First, it is multi level, namely, it contains sub-directories. Moreover, the information on this directory
is primarily classified according to a multigroup hierarchy rather than a mixture hierarchy. In general, the contents
of this structure will vary depending on the module that was used to create it.

In the case where the MAC : module is used to create this directory (M = 0), it appears on the first level of
the MACROLIB data structure. When LIB: is used (M = 1), it embedded as a sub-directory in a /MICROLIB/
directory. Finally, when EDI : is used (M = 2), it embedded as a sub-directory in a /EDITION/ directory.

3.1 The main 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 parameter SIGNA containing the signature of the data
structure.

STATE-VECTOR 1(40) array SM containing various parameters that are re-
quired to describe this data structure.

ADDXSNAME_ . C(SM)x6 SM>1 array ADDXS}, containing the name of the additional
editing cross sections available in this /MACROLIB/.

FISSIONNAMES C(SM)x8 SM >1 array FISNAM; containing the names of the fissile
isotopes associated with fission spectrum j.

FISSIONINDEX IS}, SM) SM>1 array f,, ; that contains an index to associate an iso-
tope in the MICROLIB with fission spectrum j in mix-
ture m.

FGWITHUPSCAT I(SM, S:,J,VI ) array 1u,,,; that contains the maximum number of

group number for which upscattering takes place in
m for Legendre scattering order [.

TIMESTAMP, .. R(@3) array T} containing the time in days (17 = t), the
burnup in MW d T~! (T, = B) and the irradiation
in Kb~! (T3 = w) associated with this set of cross

sections.
ENERGY,_ . ... RSM+1) M>1 eV array Iy containing the energy group limits.
DELTAU,__ ... R(SM) M>1 array U, containing the group lethargy width.
EFISS,_ . ... R(SM SM) MeV array E,, ; that contains the average energy produced
by per fission for fission spectrum j in mixture m.
PHYSALBEDO__, R(S¥) M=0 cm®  array [3, ; containing the surface ordered and energy
independent physical albedo.
VOLUME,_, . . ... R(SM) M=2 cm?®  array V}, that contains the volume of the region con-
taining mixture m.
SPH-FACTORS_, R(SM SM)y M =2 array u9, that contains the multiregion and multi-
group SPH factors.

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(S}M) M =2 array M, that contains the mixture number associated
with each region 7.

KEYFLX_ . ... I(SM) M=2 array K. that contains the flux array index associated
with each region 7.

K-EFFECTIVE_, R(1) M= parameter keg that contains the ffective multiplication
constant.

FLUXDISAFACT R(SM) M=2 array [, that contains the ratio of the flux in the fuel
to the flux in the cell for group g.

DIFFBLHOM_ . _, R(SM) Séw =2 cm array DY that contain the homogeneous diffusion co-
efficients for group g.

B2, BlHOM_ ., R(1) Sé” >2 cm~2  parameter By, that contains the homogeneous buck-
ling.

B2_ HETE__. . R(3) SM =2 cm~?2 array B; containing the directional buckling compo-
nents. Here j = 1,2, 3 are for direction x, y and z
respectively.

{/GRPDIR/} Dir List of G = SM sub-directories which contain the
cross section information associated with a specific
group g.

The signature for this data structure is SIGNA=L_MACROLIB__ . The array SM contains the following infor-
mation:

e SM = @ is the number of groups in this library.
e SM = N,, = is the number of mixtures in this library.

e SM = L +1 where L is the maximum order for the Legendre expansion for the scattering cross section used
in the library.

e SM=N + is the number of fission spectrum mixtures in this library.
° Séw = N,qq 1s the number of additional editing cross sections in this library.

o SM = I, is the transport correction option used when processing this library where:

0 do not use a transport correction;
I, = ¢ 1 transport correction from P; scattering;
2 recover transport correction from the MACROLIB.

e SM = N, is the number of precursor groups for delayed neutron in this library.
e SM = N, is the number of physical albedo in this library.

o SM = I the type of leakage cross sections stored in this library.

The list of group directory {/GRPDIR/} names GRPDIR is composed using the following FORTRAN instructions
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WRITE (GRPDIR, ' (A5,1I3,A1,I3)’) 'GROUP’,q,'/'.G

for 1 < g < G. For example, in the case where two group cross sections are considered (G = 2), two such
directory would be generated, namely

Table 4: Example of group sub-directories in /MACROLIB/

Name Type Condition Units Comment

GROUP_ 1/ .2 Dir Sub-directory that contains the information associated
with group g = 1.

GROUP_, 2/_,.,2 Dir Sub-directory that contains the information associated

with group g = 2.

3.2 The group sub-directory

Inside each group g directory, records associated with vector reaction cross sections will be found.

Table 5: Vector reaction cross section records in /GRPDIR/

Name Type Condition  Units Comment

TOTAL,_ .. ... R(N,) cm~! array >J, containing the total cross section asso-
ciated with mixture m.

TRANC,_, ..o RVy) Séw =2 cm™! array ch,m containing the transport correction
cross section associated with mixture m.

NUSIGF_ ., .... RONn,,Ny) Np>1 cm™! array Z/E?,mvl containing the product of the fis-
sion cross section X% | ; with v, ;, the averaged

number of neutron produced per fission IJZ? ol
associated with fission spectrum [ and mixture m.

NFTOT,_ . . .... RNNm, Ny Np>1 cm~! array E?M,I containing the fission cross section
associated with fission spectrum [ and mixture m.

FIXE . ...... RV, s~lem™3  array SY, containing the fixed neutron source den-
sity associated with mixture m .

FIXA . .o RN, s7lem™2  array S containing the adjoint neutron source
density associated with mixture m .

CHI . ... RWm,Ny) Np=1 array x? , containing the energy spectrum associ-
ated with fission spectrum / and mixture m.

FLUX-INTG_ ., R(N,,) M=2 cms~! array ®J, containing the integrated flux associated
with mixture m.

ABS, . ... R(WNV) M= cm~! array 2.9, containing the absorption cross section

associated with mixture m.

continued on next page
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Vector reaction cross section records in /GRPDIR/

continued from last page

Name Type Condition  Units Comment

OVERV,_, ... R(©V,) M=2 cm array containing the inverse of the average neutron
velocity 1/v9, associated with mixture m.

PRODUCTION,_ _, R(NV,,) M=2 cm array %9 ., containing the total production cross
section associated with mixture m.

DIFFHOM_ .... R(N,) M = cm array DY containing the homogeneous diffusion
coefficient associated with mixture m.

DIFFX, . ..o RWOVR) M=2 cm array Df |, containing the z directed diffusion co-
efficient associated with mixture m.

DIFFY . . ... RN, M= cm array D ., containing the y directed diffusion co-
efficient associated with mixture m.

DIFFZ_, . ..... R(N,) M=2 cm array DY, containing the z directed diffusion co-
efficient associated with mixture m.

{xsname} R(N,,) Nya>1 cm List of cross section records specified by

PHYSALBEDO__, R(S) M=0 cm

ADDXS;,.
array /857 ; containing the surface ordered and en-
ergy independent physical albedo.

In the case where N,qq = 2 and

NG fork=1,

ADDXS,, =
N2N fork = 2.

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

Table 6: Additional cross section records

Name Type Condition  Units Comment

NG, i, R(N) cm ™! array containing the neutron capture cross section
associated with mixture m.

N2N_, . ienn R(N) cm™! array containing the (n,2n) cross section associ-

ated with mixture m.

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

s,m

4r

L L1
L A+1_ - Syvm(d
$h—a(G — () = E + P(Q- Q’)Eﬁ;g = g E Ylm(Q)Yzm(Q/)EZ;g

=0 =0 m=—1
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using a series expansion to order L in spherical harmonic. Assuming that the spherical harmonic are orthonormal-
ized, we can define Elh;g in terms of 327729(€)- — Q') using the following integral:

e = [ a?ashoe(d - 4 P(Q- )

l,m
A7

Note that this definition of EZ;g is not unique and some authors include the factor 2/ + 1 directly in the different
angular moments of the scattering cross section.

Here instead of storing the G x M matrix X, Hg associated with each final energy group g, an array that
contains a compress form of the scattering matrlx w1ll be considered. We will also define three integer arrays
107 a1 . a0d pf ,; for order [ in the scattering cross section, final energy group g and mixture m. They will
contain respectively the number of initial energy groups A for which the scattering cross section to group g does
not vanish, the maximum energy group number for which scattering to the final group g does not vanishes and the
position in the compressed scattering vector where the data associated with mixture m for each energy group g can

be found. Here p], , is directly related to n}, by

m—1

) _ g
Plma =1+ E , " k.d
k=1

Now consider the following 4 groups isotropic scattering cross section matrix associated with mixture 1 and 2
(N, = 2) respectively:

Mixture m = 1 Mixture m = 2

oh9 llg=1 ¢g=2 g=3 g=4|g=1 g=2 g=3 g=4
h=1 al a2 0 0 bl b2 0 0
h=2 0 as Q4 as b3 b4 b5 0
h=3 0 ag az 0 0 be br 0
h =4 0 as O ag 0 0 bg bg
hgma | 1 4 3 4 2 3 4 4
M ma |1 4 2 3 2 3 3 1
Poma || 1 1 1 1 2 5 3 4

g,m,a 2 4 3 4 2 3 3 4
ng o || 2 3 2 3 2 3 2 2
Poma || 1 1 1 1 3 4 3 4

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

Z0 k.d = al,bg,bl)

= (
ZOk:cl - (a’ a’67a37a27b63b43b2)
Z0 kd = (a7, a4,bs,b7,b5)
S0 4,0 = (a9, 0, as, by)
Finally, we will also save independently the diagonal element of the scattering matrix:

Z!]

9g—g
lmw_Z m

and the total scattering vector

g _2 : g—h
Zl,m - El,m

h
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For the case where the adjoint transport problem is to be solved, the group transpose of the scattering matrix is
required. Since 2‘87 ka4 18 stored group by group, evaluating the transpose of this matrix requires a full reconstruction
of the scattering matrix.

One way to bypass this problem is to store, in addition to Eg) k,a Which is associated with the scattering to
group g, a compress matrix Eg k,q associated with diffusion from group g. We will again define three integer
vectors nj ma h m,q and pl , in a way similar to ny md hy .m,q and Py 'm,qa- They will contain respectively
the number of final energy groups h for which the scattermg cross section from group g does not vanish, the
maximum energy group number for which scattering from the initial group g does not vanishes and the position in
the compressed scattering vector where the data associated with mixture m for each energy group g can be found.
As before p, , is directly related to n,, , by

For the 4 groups isotropic scattering cross section matrix associated with mixture 1 and 2 (/V,,, = 2) defined above
we will have:

E0 ko = (a2,a1,b2,b1)

Zo k.a = (as5,a4,a3,b5,b4,b3)

(a7, ag,b7,bs)

Ok:a
o,k,a = (ag, 0, as, by, bg)

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

Table 7: Scattering cross section records in /GRPDIR/

Name Type Condition  Units Comment

SIGW 0. . ... RWVn cm~! array EO m.w that contains the isotropic compo-
nent (I = 0) of the within group scattering cross
section for mixture m.

SIGS_ 0. . ..... RNV, cm™! array Zgym that contains the isotropic component
(I = 0) of the total group scattering cross section
for mixture m.

IJJD_ 0., . ... INy array h&m’ 4 that contains the highest energy
group number for which the isotropic component
of the scattering cross section to group g for mix-
ture m does not vanish, .

NJJD 0, . . ..., I(Nw) array ng,m ., that contains the number of energy
group number for which the isotropic component
of the scattering cross section to group g for mix-
ture m does not vanish, .

IPOD 0., . ... 1INy array pg’m’ ., that contains the location in the com-
pressed scattering matrix of the information asso-
ciated with mixture m.

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

11

continued from last page

Name

Type

Condition

Units

Comment

SCAD_0

R W TR TR R TR Vi)

IJJA_O

(R g TN VI TR TR TR

NJJA_0

(R g TN VI TR TR TR

IPOA_O

(g W TR R TR TR V)

SCAA_0

(B g TN VI TR TR TR

SIGW_1

[ e T TR TR TR T

SIGS 1

[ e TR VI TR T T

IJJD_1

[ e TR VI I TR T

NJJD_ 1

[ e ST TR TR TR T

IPOD,_1

[ W T R TR TR T

SCAD_1

[ e TR VI TR TR TR

IJJA 1

(I R W TR R TR TR

R(NG )

I(Nom)

I(Nim)

I(Nim)
R(NG . )
R(Np)
R(Nm)

I(Nim)

I(Ni)

I(Nom)

R(NY .0)

I(Ni)

cm

array (X7 , ;) that contains the compressed com-
ponent of the scattering matrix for scattering to
group ¢ for mixture m.

array hg,m,a that contains the highest energy
group number for which the isotropic component
of the scattering cross section from group g for
mixture m does not vanish, .

array n(g)’m,a that contains the number of energy
group number for which the isotropic component
of the scattering cross section from group g for
mixture m does not vanish, .

array pj ,,, , that contains the location in the com-
pressed scattering matrix of the information asso-
ciated with mixture m.

array (E& ko) that contains the compressed com-
ponent of the scattering matrix for scattering from
group g for mixture m.

array % .mw that contains the linearly anisotropic
component (I = 1) of the within group scattering
cross section for mixture m.

array X .m that contains the linearly anisotropic
component (I = 1) of the within total scattering
cross section for mixture m.

array hj .m.q that contains the highest energy
group number for which the linearly anisotropic
component of the scattering cross section to group
g for mixture m does not vanish, .

array n{ ; that contains the number of energy
group number for which the linearly anisotropic
component of the scattering cross section to group
g for mixture m does not vanish, .

array p§  that contains the location in the com-
pressed écéttering matrix of the information asso-
ciated with mixture m.

array (E“i k.a) that contains the compressed com-
ponent of the linearly anisotropic component of
the scattering matrix for scattering to group g for
mixture m.
array hy .m.,q that contains the highest energy
group number for which the linearly anisotropic
component of the scattering cross section from
group ¢ for mixture m does not vanish, .

continued on next page
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Scattering cross section records in /GRPDIR/ continued from last page
Name Type Condition  Units Comment
NJJA_ 1 . . ..., 1IN array nim’a that contains the number of energy

group number for which the linearly anisotropic
component of the scattering cross section from
group ¢ for mixture m does not vanish, .

IPOA 1., ... N array p{ .m.q that contains the location in the com-
pressed scattering matrix of the information asso-
ciated with mixture m.

SCAA_l . .. ROVY,.2 cm™! array (%] ; ,) that contains the compressed com-
ponent of the linearly anisotropic components of
the scattering matrix for scattering from group g
for mixture m.

Here we have used:

N,
g _ g
Nl,m7d = E :nl,m,d

m=1

Nm
g _ g
Nl,m,a - Z nl,m,a
m=1
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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
isotopes. 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 by
the SHI : module (see Section 4.3). Note that the contents of the /MICROLIB/ will vary depending on the module
that was used to create or modify it.

In the case where the LIB: module is used to create this directory, it appears on the first level of the MACROLIB
data structure. When LIB: is used (M = 1), it embedded as a sub-directory in a /MICROLIB/ directory. Finally,
when EDI: is used (M = 2), it embedded as a sub-directory in a /EDITION/ directory.

Here for convenience we will define the variable M to identify the creation module:

1 if the directory is created or modified by the LIB: or EVO: module;
M = ¢ 2 if the directory is created or modified by the EDI : module;
3 if the directory is modified by the SHI : module.

In the case where the LIB: (M = 1) or SHI: (M = 3), module are used to create or modify this directory,
it appears on the first level of the MICROLIB data structure. Otherwise the EDI: (M = 2) module is used and
/MICROLIB/ represents a sub-directory in an EDITION data structure.

4.1 The main 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 parameter SIGNA containing the signature of the
data structure.

STATE-VECTOR 1(40) array S;” containing various parameters that are
required to describe this data structure.

ENERGY_ .. ... R(S+1) eV array I/, containing the groups limits g.

DELTAU_, . . ... R(S) array U, containing the lethargy width of each en-
ergy group g.

ISOTOPESUSED C(S3") %12 array NALIAS; containing the alias name of the
isotopes i.

ISOTOPERNAME C(S3") x 12 array NISO; containing the reference names of the
isotopes <.

ISOTOPESMIX & I(SF) array M, containing the mixture number associ-
ated with each isotope 7.

ISOTOPESTODO I(S3") array Jy,qo containing the flag for processing each

depleting isotope 7. A value of O indicates auto-
matic processing while a value of 1 forces the iso-
tope to be non depleting..

continued on next page
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Main records and sub-directories in /MICROLIB/

14

continued from last page

[EY TR

Name Type Condition Units  Comment

ISOTOPESTYPE I(S3") array P; containing the type number associated
with each isotope 7. A value of P; = 3 indicates
a fission product. A value of P; = 2 indicates a
fissile isotope. For all other cases P; = 1.

ISOTOPESDENS R(S3") (cm b)~larray p; containing the density of isotope 1.

ISOTOPESTEMP R(&%" K array 7; containing the temperature of the isotope
1.

ISOTOPESAWR_, R(S3%) nau array m; containing the weight of the isotope :.

ISOTOPESVOL_ R(S3) M= cm? array V; containing the volume occupied by the
isotope i.

ILIBRARYTYPE C(S87")*8 S&*>1 array NLTY; containing the library type associ-
ated with each isotope .

ILIBRARYNAME C(S87")%x8 SI*>1 array NLIB; containing the library name associ-
ated with each isotope 7.

ILIBRARYINDX I(Mj) Nip > 1 Index of the cross-section library associated with
each isotope 1 < LLIB; < Nyjp.

ISOTOPESCOH,, C(S83")x8 S§>1 array NCOH; containing the name of the coherent
scattering type at thermal energies associated with
each isotope 1.

ISOTOPESINC,_, C(S7")x8 SI"'>1 array NINC,; containing the name of the incoher-
ent scattering type at thermal energies associated
with each isotope 1.

ISOTOPESNTFG I(S3") S >1 array G,; containing the number of thermal
groups involved in coherent or incoherent scatter-
ing for isotope 4.

ISOTOPESHIN,, C(S87")%8 Sy*xSE>1 array NSHI; containing the name of the resonant
isotope associated with each isotope <.

ISOTOPESSHI_ I(S5%) St xSt >1 array I ; containing the resonant mixture number
associated with each isotope .

ISOTOPESDSN_, R(S3%) SxSfE>1 b array op;; containing the standard dilution cross
section for isotope <.

ISOTOPESGIR, , R(S3") S >1 array Pgc,; containing the Goldstein-Cohen inter-
mediate resonance parameter for isotope .

ISOTOPESNIR_, IS5 S >1 array Ggc,; containing the energy group cutoff for
Goldstein-Cohen intermediate resonance parame-
ter for isotope <.

ADDXSNAME__,, C(Sf5)+6 Spi>1 array ADDXS; containing the name of additional
editing cross sections stored on /MACROLIB/.

TIMESPER_ ... R(2,3) M =2 array T ; that contains 1 ; = ¢, Tj» = B and
T;3 = w, the lower (j = 1) and upper bounds
(j = 2) for the reference time in days, burnup in
MW d T~ and irradiation in Kb~! respectively
for which the perturbative expansion is valid.

MACROLIB Dir name of directory containing the macroscopic li-

brary associated with this microscopic library.

continued on next page
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Main records and sub-directories in /MICROLIB/ continued from last page
Name Type Condition Units  Comment
DEPL-CHAIN_ _ Dir S >1 name of directory containing the depletion chain

associated with this microscopic library.

SHIBA Dir M=3 name of directory containing the self-shielding

(SN P TR TR TR TR T

data associated with this microscopic library.

{/ISOTOPE/} Dir array S5 of sub-directories that contain the cross

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

The signature for this data structure is SIGNA=L_LIBRARY,__ . The array S;" contains the following infor-
mation:

ST = M,, is the maximum number of mixtures in the library.
S3' = Ny is the maximum number of isotopes in the library.
S5 = G is the number of groups in the library.

Si' = L+ 1 where L is the maximum order for the Legendre expansion for the scattering cross section used
in the library.

SF' = I, is the transport correction option used when processing this library where

0 do not use a transport correction;
Iy = ¢ 1 transport correction from P; scattering;
2 recover transport correction from the MICROLIB.

S = 1,4 is the type of delay neutron data included in this library such that

Iy =

1 include the delayed and prompt neutron effect;
2 consider only the prompt neutrons.

S¢" = Njip = is the number of independent microscopic cross section libraries used to create this library.

Sy' = Gy is the number of fast groups in this library. This represents the number of energy groups above
4.0 eV where resonance self-shielding effects will not be considered. It is automatically known for isotopes
coming from WIMS-D4 or WIMS-AECL format libraries. For the other types of libraries, this value is
initialized to 0. This value, which is only used by the SHI: module, can be modified using the keyword
GRMAX.

514 = G is the number of epithermal groups in this library. This represents the total number of energy
groups above 4.0 eV. 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 by the SHI : module and can be modified locally in
this module using the keyword GRMIN if the last energy for which self-shielding calculations will take place
is different from 4.0 eV.

STt = Ng is the number of depleting isotopes that can be found in this library.
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o S1% = Ny y is the number of depleting mixtures that can be found in this library.
o 573 = Ny is the number of additional editing cross sections found in this library.
o STt = Ny, is the number of mixtures found in this library.

e St = N, is the number of resonant mixtures found in this library.

o Si% = Iy is the option for processing the cross-section libraries

—1 skip the library processing (i.e., no interpolation).

I 0  perform an interpolation in temperature and dilution.
proe 2 perform an interpolation in temperature and build a new temperature-

independent cross-section library in DRAGON format.

® 57§ = Iy is the option for computing the macrolib

Lo — {0 do not build an embedded macrolib.
1 build an embedded macrolib.
o 575 = Ngel is the number of precursor groups producing delayed neutrons.
o S35 = Ngs is the number of fissile isotopes producing fission products.
o ST% =20+ SJ* = N, is the number of cross section types to process in this library.
o S7% = N, is the number of energy producing mixtures without burnup found in this library.
e S7§ = N, is the maximum order for time dependent perturbations in this library.
e S5 = N, is the maximum order for time dependent perturbations in this library.
o 531 = Iemp is the decay chain completion option.

I 0 complete
e 1 do not complete

o 533 = M7 is the maximum number of isotopes per mixture for the mixtures found in this library.

One can find in Section 3 a description of the /MACROLIB/ directory and in Section 14 the contents of an
/ISOTOPE/ directory. Note that if Ny = 2 and

235 0001 for:i=1,

NALIAS; = .
Pu239 0003 fori=2.

then {/ISOTOPE/} will correspond to the following two directories:
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Table 9: Examples of isotopes directory in a /MICROLIB/

Name Type Condition Units Comment

U235_.,.,.,0001 Dir Directory where the microscopic cross sections of
235U are stored. These are self-shielded cross section
already interpolated in temperature. They correspond
to the properties of mixture 1.

Pu239_.,..0003 Dir Directory where the microscopic cross sections of

239Py are stored. These are self-shielded cross section
already interpolated in temperature. They correspond
to the properties of mixture 3.

4.2 The depletion sub-directory

The following records and sub-directories will be found on a /DEPLETION/ directory:

Table 10: Main records in /DEPLETION/

Name Type Condition  Units Comment

STATE-VECTOR 1(40) array S¢ containing the control parameters required
for building the depletion chain from the information
stored in this directory.

ISOTOPESDEPL C(S{) x 12 array NISOD; containing the reference name for the
isotopes included in the depletion chain.

CHARGEWEIGHT I(S{) array K{*° containing an identifier composed of the
atomic number, charge and excitation mode for iso-
tope <.

DEPLETE-IDEN C(S¢)*8 array NREAD,. containing the name of the depletion
reactions 7.

DEPLETE-REAC [(S¢,S9) array K ff) ; containing the list of valid depletion reac-
tion for isotope i.

DEPLETE-ENER R(MR X Ngepl) Mev array F, ; containing the energy per reaction associ-
ated with each depletion reaction r and isotope .

DEPLETE-DECA R(S{) 108 s—! array ); containing the rasioactive decay constant for
isotope .

PRODUCE-REAC I(S§, S¢) array K, containing the list of valid production re-
action s for isotope 7.

PRODUCE-RATE R(S§, S¢) array Rf;i containing the branching ratio associated
with each production reaction s for isotope <.

FISSIONYIELD R(S¢,S%) array Y;_,; containing the yield for the production of

the direct fission product j by a fission og the direct
fissile isotope 7.
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The array S¢ contains the following information:

Si = Nepi is the number of depleting isotopes in this library.
S§ = Ngj is the number of direct fissile isotopes in this library.
S = Nuip is the number of direct fission product in this library.

S§ = Ny is the number of heavy isotopes in this library. This represents the combination of fissile isotopes
and the other isotopes produced from these isotopes by reactions other than fission.

S = Ny, is the number of fission products in this library. This number represents the combination of fission
fragments and the other isotopes produced from these isotopes by any reaction (decay or neutron induced).

S¢ = No is the number of other isotopes in this library. This number represents the other isotopes that are
not produced by fission or by reaction with fission isotopes or fission products but have a depletion chain.

S4 = Ng is the number of non-depleting isotopes producing energy (mainly by radiative capture). An
isotope is considered to be stable if:

— its radioactive decay constant is zero;
— the isotope has no father and no daughter;

— energy is produced by the isotope.
S84 = Mg is the maximum number of independent depletion reaction considered in the depletion chain.

S¢ = My is the maximum number of parent isotopes leading to the production of an isotope in the depletion
chain.

Note that contrarily to the information stored in the main /MICROLIB/ directory where the reference name of
an isotope (NISO;) is represented by a CHARACTER* 12 variable, here a CHARACTER* 8 variable is considered
for NISOD;. As a result, an isotope specified by NISO; will be considered as being part of the depletion chain only
if one can find a value of 1 < j < Ngep such that NISO;(1 : 8) = NISOD;.

In general, the reaction types NREAD,. associated with a given depletion mechanism will be identified by the
microscopic cross section name associated with this reaction. Typically, the contents of the NREAD,. will be the
following:

NREAD,=DECAY_,  , to identify a radioactive decay reaction.

NREAD2=NG to identify a capture reaction

[EE TR TR TEN TR T}

én+‘§X—> g‘JrlX—i-’y.

NREAD3=NFTOT,_,_, , to identify a fission reaction
nAg X — nin+5 TP UAEV 4.

NREAD4=N2N to identify the reaction

AR

mAgX — 2+ X 4y

NREAD5=N3N to identify the reaction

(AR TRNTRT)

én+‘§X—> 3(1)n—|—’§_2X—|—*y.
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e NREADg=N4N

(AR TRNTRT)

to identify the reaction

MmAEX — Aln 453 X 4.

NREAD~7=NA to identify the reaction

(AN R RN ]

$n+§X—> éa—i—éng—i—w.

NREADg=NP to identify the reaction

[EE TR}

Mg X — Ip+g_ Y +7.

NREADgy=N2A to identify the reaction

[ENTRRTRTRT—)

onty X — 25a+570Y 4.

NREAD;(=NNP to identify the reaction

AR TR TR T

én—‘-éX—» %p—kén—kéZiY—Fv.

NREAD;,=ND to identify the reaction

[E TR TR TR T

44X — D457 Y 4.

NREADo=NT to identify the reaction

[y TR TR TR T

én+§X—> ?T—i—g:f}/—i—'y.

The contents of the array K f_{ ; 1s used to specify the properties of reaction r for each isotope % under consider-
ation. Here K ,‘f ; contains two different types of information namely d(r) and ¢(r) which are defined as follows:

d(r) = K¢, mod 100

K
i) = o0
where
0 isotope does not deplete by reaction NREAD,.;
1 isotope will deplete by reaction NREAD.,;
d(r) = 2 isotope does not deplete by reaction NREAD,. but yields energy production;
3 isotope is fissile without fission yield (valid only for » such that NREAD,. =NFTOT);
4 isotope is fissile with fission yield (valid only for 7 such that NREAD, =NFTOT;
5 isotope is a fission fragment (valid only for r such that NREAD, =NFTOT).

and i(r) = O unless 4 < d(r) < 5. When d(r) = 4, i(r) represents the fissile isotope number while for d(r) = 5,
i(r) represents the direct fission fragment number. The fractional yield for the production of the direct fission
product i(r) from the fissile isotope j(r) is stored in the matrix Y;,)_;(y. The array R{ ; contains the energy
generated by reaction in MeV.

The contents of the variables K f’l is used to identify explicitly the parent isotope that generated the current
isotope ¢. The maximum number of parent reaction for the depletion chain is Ms. As in the case of K, ,‘?, i» K2 also
contains two different types of information namely r(s) and i(s) that are defined as follows:

r(s) = KI; mod 100
Lo KL
)= o0
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where r(s) = 0 indicates that the list of parent reaction is complete while r, > 0 refers to the reaction type
NREAD,. (). In the case where r(s) > 0, i(s) refers to the parent isotope NISOD;(, and can take the following
values

0 isotope ¢ produced by radioactive decay;
1 isotope ¢ produced by fission (this contribution is kept apart from record
_ "FISSIONYIELD');
rls) = 2 isotope ¢ produced by neutron capture;
3 isotope isotope ¢ produced by NREAD,.(,) reaction;
otherwise isotope is fissile with fission yield (valid only for r such that NREAD, =NFTOT.

The array R’;’i is the fractional branching ratio for the production of isotope NISOD; ) via reaction 7(s).

4.3 The self-shielding sub-directory
The following records and sub-directories will be found on the first level of a /SELFSHIELD/ directory:

Table 11: Main records in /SELFSHIELD/

Name Type Condition Units Comment

STATE-VECTOR 1(40) array S; containing the various parameters associated
with the self-shielding process.

EPS-SHIBA_ .. R() constant €, that contains the relative convergence cri-
terion for the self-shielding iterations.

The array S; contains the following information:

o 57 = Gnin is the first group for which self-shielding takes place. By default Gin = Ny 5 + 1.
o S5 = Gmax is the last group for which self-shielding takes place. By default Gipax = Ny e.
e S5 = M, is the maximum number of iteration in the self-shielding calculation

e S; = I is the Livolant-Jeanpierre self-shielding option activation key where:

0 for standard self-shielding;
Ly =

1 for self-shielding with Livolant-Jeanpierre equivalence.

o S¢ = Igc is the option Goldstein-Cohen approximation activation key where:

T — 0 do not use the Goldstein-Cohen approximation;
97 )1 activate the Goldstein-Cohen approximation.

o S; = Irc is the transport correction activation key where:

7 {O no transport correction applied in self-shielding calculation;
TC =

1 use transport corrected cross section in self-shielding calculation.
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o 57 = Ijeve is the of self-shielding model where

0 Stamm’ler model without distributed self-shielding effects
Stamm’ler model with the Nordheim (PIC) distributed self-shielding model
Stamm’ler model with both Nordheim (PIC) distributed self-shielding model

and Riemann integration method.

I level =

21



IGE-232 Rev. 5

22

S CONTENTS OF A /GEOMETRY/ DIRECTORY

This directory contains a compact description of a geometry.

5.1 The main directory

On its first level, the following records and sub-directories can be found:

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

Name Type Condition Units Comment

SIGNATURE__, ., Cx12 parameter SIGNA containing the signature of the data
structure.

STATE-VECTOR 1(40) array S& containing various parameters that are re-
quired to describe this data structure.

MIX  oinons 1SS array M,. containing the mixture associated with each
region r in the geometry.

RADIUS, . ... R(N, +1) r2>1 cm array R; containing the radial mesh in the geometry.
The first element of this vector is identical to 0.0.

OFFCENTER_ ., R(3) r>1 cm array dp containing the displacement of the center
of the annular mesh with respect to the center of the
Cartesian cell.

MESHX, . . .o, R(N, +1) N, >1 cm array X; that contains the X directed mesh.

MESHY, , . ..o RNV, +1) Ny, >1 cm array Y; that contains the Y directed mesh.

MESHZ , . . ..o RNV, +1) N, >1 cm array Zj, that contains the Z directed mesh.

SIDE_ . ..o R Fp=1 cm value H containing he width of the side of the
hexagon. The flag Fj, = 0 by default. It takes the
value F}, = 1 when S& = 8 or 9.

SPLITR_ . . ... I(N, + 1) N, >1 array S, ; containing the radial mesh splitting. A
negative value indicates that the radial mesh must be
subdivided into regions of equal volumes; a positive
value indicates that the radial mesh must be subdi-
vided into regions of equal radial thickness.

SPLITX, . . . ... I(N,) N, >1 array S, ; containing the X directed mesh splitting.

SPLITY, , . ... I(Ny) Ny, >1 array S, ; containing the Y directed mesh splitting.

SPLITZ, , . ... I(NV,) N, >1 array S, ;, containing the Z directed mesh splitting.

IHEX,  now LD Fp,=1 value S}, that contains the hexagonal symmetry factor.
The flag F}, = 0 by default. It takes the value F}, = 1
when 8¢ =8 or 9.

NCODE_, , . ...l 1(6) array Ng ; containing the types of boundary condi-
tions associated with each surface.

ZCODE_,_, ... R(6) array [3; containing the albedo value associated with

each surface.

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

Name

Type

Condition

Units

Comment

ICODE

[ TR T TR T

NPIN

[ R TR R R TR )

RPIN

[ R TR R R TR )

APIN

[ R TR R R TR )

MICRO

[ TR TR TR T}

NS

[ T TR TS VI TR TR YR T

RS

[ T TR TS VR TR TR YR}

MILIE

[ TR T TR T

MIXDIL

[T TR TR

MIXGR

(S TR TR TR R T

FRACT

[T TR TR TR TR T

POURCE

[AYRSTENTE TRy

PROCEL

[AYRRTERTR TR

CELL

[NV TR TR P TR TR T

GENERATING,

MERGE

[T TR TR TR TR T

1(6)

(1)
R(1)

R(1)

(1)
1(S%)
R(SE,S5)

IS

(S5

(S, 8%)
R(SG, SH)
R(SS)

R(S§, S5

C(S§) %12
I(S§)

1(S§)

S¢ =3

St =1
SG =1
SG =1

St =1
SG =1

S =1
SG =1
S¢ =30

SE =30

cm

cm

array I ; containing albedo index associated with
each surface Ig ;. The information stored in this ar-
ray is used only if Ig ; > 0 and Ng ; = 6. In the case
where I3 ; < 0 and Ng; = 6 the vector 3, ; in the
directory /MACROLIBY/ is used.

Number N, of identical pins in the cluster ring.
array Ry, ; containing the radial position at which
each of the pin in the cluster ring is located with re-
spect to the center of the cell. In the case where Ry j
contains a single element, it is assumed that the pins
are all located at the same radial position.

array Opin ; containing the angular position at which
each of the pin in the cluster ring is located with re-
spect to the X, Y or Z axis respectively for TUBEX,
TUBEY and TUBEZ geometry. In the case where Opp ;
contains a single element, it is assumed that the first
pin is located at 6y, the remaining pins being located
at 9pin,j + 2(] — 1)7T/Npin.

number Fiycro indicating the type of micro structure
included in the geometry.

array Npicro,; containing the number of regions in the
micro structures.

array Rmicro,s,; containing the radii of the tubes or
spherical shells making up the micro structures.
array Chicro,i,; containing the composite mixture
number associated with each region in the micro
structures.

array Diicro,;,; cOntaining the mixture number associ-
ated with each region of the geometry where the mi-
cro structure is to be inserted.

array Mpicro,s,; containing the mixture number asso-
ciated with each region of the micro structures.

array pPmicro,i,; containing the volumetric concentra-
tion of each micro structure.

array P; containing the proportion of each cell type in
the lattice.

array P; ; containing the pre-calculated probability
for a neutron leaving a cell of type ¢ to enter in a cell
of type j without crossing any other cell.

array CELLj containing the names of the sub-
geometry.

array G ; containing the generating sub-geometry in-
dex corresponding to each region.

array G, ; containing the merging index correspond-
ing to each region.

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

Name Type Condition Units Comment

TURN__ . oee 1SS SE =1 array (;; containing the orientation index corre-
sponding to each region.

CLUSTER_, ... ... C(8E)x12 8¢ >1 array CLUSTER}, containing the names of the sub-
geometry making up the cluster.

{/SUBGEO/} Dir List of sub-directories that contain a subgeometry.

The signature for this data structure is SIGNA=L_GEOM

mation:

o SC identifies the type of geometry where:

© 00 J O U = W NN = O

St =

NN NN NN = =
T i W NN = O = O

30

virtual geometry;

homogeneous geometry;

Cartesian 1-D geometry;

annular 1-D geometry;

spherical 1-D geometry;

Cartesian 2-D geometry;

Z directed cylindrical 2-D geometry;
Cartesian 3—-D geometry;

hexagonal 2-D geometry;

hexagonal 3-D geometry;

X directed cylindrical 2-D geometry;
Y directed cylindrical 2-D geometry;

(EETRRTRNTRTIN]

. The array S& contains the following infor-

Cartesian 2-D geometry containing an annular mesh;

Cartesian 3—D geometry containing a X directed cylindrical mesh;

Cartesian 3—-D geometry containing a Y directed cylindrical mesh;

Cartesian 3—D geometry containing a Z directed cylindrical mesh;

hexagonal 2-D geometry containing an annular mesh;

hexagonal 3-D geometry containing a Z directed cylindrical mesh;

do-it-yourself geometry.

S§! = N, is the number of radial mesh intervals in the geometry. By default, N, = 0.

S§' = N, is the number of X directed mesh intervals or hexagon in the geometry. By default, N, = 1.

S§ = N, is the number of Y directed mesh intervals or hexagon in the geometry. By default, NV, = 1.

S§ = N, is the number of Z directed mesh intervals or hexagon in the geometry. By default, N, = 1.

S6G = Ny is the total number of regions in the geometry. In the case where 20 < Sla < 25, N}, takes the

value:

Nj, = (Nr-i-

1) x Ny x Ny x N,



IGE-232 Rev. 5

When S =3, 6, 10 and 11, Ny, takes the value:

Nj = N, X Ny x Ny x N,
S7G = M, is the maximum mixtures number used in this geometry.
S§' = F is the CELL activation option where:

0 the CELL option is not activated;
¢ 1 the CELL option is activated.

S§' = N, is the number of sub-geometries defined in this geometry.

SG = F,, is the MERGE activation option where:

__J 0 the MERGE option is not activated,
" 1 the MERGE option is activated.

S& = F, is the SPLIT activation option where:

o 0 the SPLIT option is not activated;
" 1 the SPLIT option is activated.

S = Fy, is the double heterogeneity activation option where:

[ 0 the double heterogeneity option is not activated;
® 711 Double heterogeneity option present.

S& = Ny is the number of cluster sub-geometry.

S¢ is the number of regions in the micro structures,

S% is the maximum number of annular regions in any micro structure.

S& is the number of micro structures.

S is the total number of annular regions in the micro structure.

The hexagonal symmetry factor S}, is defined as:

for an assembly with a S30 symmetry;
for an assembly with a SA60 symmetry;
for an assembly with a SB60 symmetry;
for an assembly with a S90 symmetry;
Sh = for an assembly with a R120 symmetry;
for an assembly with a R180 symmetry;
for an assembly with a SA180 symmetry;

for an assembly with a SB180 symmetry;

© 00 N O U = W N

for an assembly without symmetry (COMPLETE).

25
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where the description of the symmetries can be found in the DRAGON users guide. Similarly the type of boundary
conditions used will be defined in the following way:

not used;

void boundary condition;

reflection boundary condition;

diagonal reflection boundary condition;
periodic (translation) boundary condition;

symmetric reflection boundary condition;

=

<

|
oGl W N RO

albedo boundary condition.

The type of micro structure Fj,icr, is defined as:

P 3 annular micro structure;
micro — . .
4 spherical micro structure.

In the case where S§' = 1, the list of directory {/SUBGEOQ/} will have the same name as the variable CELL,,.
For example, in the case where Sg = 2 and

E01 fi =1
CELL, — GEO or k s
GE02 fork = 2.

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

Table 13: Cell sub-geometry directory

Name Type Condition Units Comment
GEOl_ . ..... Dir a CELL /GEOMETRY/ directory.
GEO2_. ., .. ..., Dir another CELL /GEOMETRY/ directory.

In the case where S& > 1, the list of directory {/SUBGEO/} will have the same name as the variable
CLUSTERy. For example, in the case where S% = 2 and

RODS1 fork =1,

CLUSTER, =
RODS2 for k = 2.

then the following directories will also be present in the main geometry directory:
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Table 14: Cluster sub-geometry directory

[T TR TR TR TR T

Name Type Condition Units Comment
RODS1,_ .. ..., Dir a CLUSTER /GEOMETRY/ directory.
RODS2 Dir another CLUSTER /GEOMETRY/ directory.
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6 CONTENTS OF A /TRACKING/ DIRECTORY

This directory contains the information generated after the geometry has been analyzed by the DRAGON

tracking modules.

6.1 The main directory

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 parameter SIGNA containing the signature of the data
structure.

STATE-VECTOR 1(40) array S! containing various parameters that are required
to describe this data structure.

TRACK-TYPE_ _, Cx12 parameter TRKT containing the name of the tracking
model used to create this structure.

TITLE, ... Cx72 parameter TITLE containing a title associated with data
structure (see DRAGON input option TITL).

MATCOD_ . . ... I(SH array M, containing the mixture number associated with
each region r.

KEYFLX . .l I(Sh) array I, containing the location in the array containing
unknown where one can find the volume averaged flux
associated with region 7.

VOLUME__, . ... R(S) cm? array V,. containing the volume associated with each re-

gion r.

The signature for this data structure is SIGNA=L_TRACK

following values:

TRKT =

EXCELL
SYBIL
JPM
BIVAC

The array S! contains the following information:

The tracking model TRKT can take the

(EETERTRNTEN TR

for tracking by the EXCELT:, EXCELL: or NXT: modules;
for tracking by the SYBILT: module;

for tracking by the JPMT : module;

for tracking by the BIVACT : module.

e S! = N, is the number of independent regions in the problem.

e S = N, is the number of independent unknowns in the problem.

e S = I is the leakage flag where:

0
Ir =
=

indicates that some leakage is present;
indicates that no leakage is present.
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e S} =S¥ = M,, is the maximum number of mixture used in the problem.
e S! = Ny is the number of independent outer surfaces in the problem.

e Sl is the anisotropy level for flux calculation in the problem where:

St— {0 only the isotropic flux components are considered;

1 the isotropic and linearly anisotropic flux components are considered.

In addition to the above records, the main /TRACKING/ directory also contains information that is specific to each
tracking module. This information will be described in the following subsections. Also note that the contents of the
S} vector for i > 7 will depend on the specific tracking module and will be defined in the next three subsections.

6.2 The EXCELL records and sub-directories

When TRKT=EXCELL the following elements of S! are also defined.

e Stis the specific EXCELL tracking procedure considered where:

for the tracking of Cartesian assemblies using EXCELT : or EXCELL:;
for the tracking of hexagonal assemblies using EXCELT :;
for the tracking of 2-D cluster geometries using EXCELT :;

=W N =

for the tracking of 2-D and 3-D Cartesian assemblies with clusters using NXT: .

e S! is the track normalization flag where:

—1 direction dependent track normalization to merged volumes;
Sg=10 global track normalization to merged volumes;

1 no normalization.

The default is S = 0. The option S{ = —1 can only be activated using the RENO keyword in the EXCELT :
and EXCELL: modules.

e S} is the tracking type where:

St — 0 means that a standard tracking procedure was considered;
? 1 means that a cyclic tracking procedure was considered.

e Si, is the type of boundary conditions to be used for the collision probability calculations where:

St {0 means that isotropic (white) boundary conditions will be considered;
10 —

1 means that mirror-like (specular) boundary conditions will be considered.

Note that mirror-like boundary conditions (S}, = 1) can be used only if a cyclic tracking procedure was
considered (S§ = 1).

° 8{1 = Nq, is the order of the azimuthal (2-D) or solid (3-D) angular quadrature. For 2-D geometry, the order
of the azimuthal quadrature represents:

— the number of equal sectors (trapezoidal quadrature) in the [0, 7] range when the EXCELT: and
EXCELL: modules are used for Cartesian assemblies;

— the number of equal sectors (trapezoidal quadrature) in the [0, 77| range when the EXCELT : modules
is used for hexagonal geometries;
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— the number of equal sectors (trapezoidal quadrature) in the [0, max(S},, 2)7] range when the EXCELT
modules is used for cluster geometries;

— the number of trapezoidal sectors in the [0, 77/2] range when the NXT : module is used.
For 3-D geometry, the order of the solid angle quadrature is:

— the order n of the E(Q,, quadrature in a quadrant (0 < ¢ < w/2and 0 < 6 < 7/2) when the EXCELT :
and EXCELL: modules are used for Cartesian assemblies for S{; = n(n + 2)/8 direction in each
quadrant;

— the number of equal sectors (trapezoidal quadrature) in the [0, 27 /] range when the EXCELT : modules
is used for hexagonal geometries;

— not used for the EXCELT : modules in cluster geometries;

— the order n of the £Q,,, LC,, or L'T;, quadrature in a quadrant:
0<p<7/2
0<6<m/2

When the NXT : modules is used this results in St = n(n + 2)/8 directions for the EQ,, quadrature,
St = 3 x n(n + 2)/8 for the LC,, quadrature and St = 3 x n?/2 for the LT,, quadrature.

e S!, is the angular symmetry factor.

e St is the polar angle quadrature type where:

1 for a Gauss quadrature;

2 for a CACTUS type A quadrature;

3 fora CACTUS type B quadrature;

4 for an optimized Bickley quadrature.

t
813_

e St is the polar angle quadrature order.

e S} is the azimuthal (2-D) or solid (3-D) angle quadrature type where:

1 fora EQ, (3-D) or trapezoidal (2-D) quadrature;

2 for a Gauss quadrature (2-D hexagonal geometries);
Sis =<3 for amedian angle quadrature;

4 fora LC,, 3-D quadrature;

5 fora LT, 3-D quadrature.

e S} is the number of directions for the azimuthal (2-D) or solid (3-D) angle quadrature.
e S}, is the number of tracking points on a line.

e Sig is the maximum length of a track.

e Si, is the total number of tracks generated.

e Sl is the total number of track directions processed.

The following records will also be present on the main level of a /TRACKING/ directory:
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Table 16: Additionnal records for EXCELL tracking

Name Type  Condition Units Comment

EXCELTRACKOP R(40) array R; containing additional EXCELL tracking param-
eters.

ICODE,_, , . ..o 1(6) array I j, containing the surface albedo index (geometric

surface albedo (3, ;. are used if Iz, < 0 while physical
surface albedo (3, , are used if I3 j, > 0).

ALBEDO,_, .. ... R(6) array f3, j, containing the geometric surface albedo (used
only if Iz > 0).

EXCELL_, . ... Dir St <4 directory containing additional EXCELT : and EXCELL:
records for the cases where St = 1 or St = 3.

NXTRecords,, , Dir St=4 directory containing additional NXT : records.

The record R; contains the following information:

e R is the maximum error allowed on the exponential function.

e R, is the user requested tracking density in cm~! and in cm~2 respectively for 2-D and 3-D calculations.
e Rjis the maximum distance in cm between an integration line and a surface.

e R, is the computed tracking density in cm~! and in cm~2 respectively for 2-D and 3-D calculations (used
only if St = 4).

e R; is the computed line spacing in cm (used only if St = 4).
e Rg is the weight of the spatial quadrature (used only if St = 4).
e Ry is the minimal radius of the circle (2-D) or sphere (3-D) containing the geometry (used only if St = 4).

e Rgis the x position of the center of the minimal circle (2-D) or sphere (3-D) containing the geometry (used
only if St = 4).

e Ry is the y position of the center of the minimal circle (2-D) or sphere (3-D) containing the geometry (used
only if St = 4).

e R is the z position of the center of the minimal circle (2-D) or sphere (3-D) containing the geometry (used
only if St = 4).

The /NXTRecords/ directory contains the information required to track the geometry using the NXT: based
procedures once it has been analyzed. This information is in the following format:
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Table 17: Global geometry records in /NXTRecords/

Name Type Condition Units  Comment

G00000001DIM I(40) array N U9 containing the dimensioning information re-

G00000001CUF I(2, N§9) array DS’S’ containing the assembly description of the

G00000001CIS I(4, N§O) array SZGJG containing the cell intrinsic symmetry prop-

G00000001CFE I(7, NJ©) array F° containing the cell external surface identifi-

G00000001SMX D(NED) cm array 9C containing the X directed mesh for the cell
assembly.

G00000001SMY D(NEP) cm array y9C containing the Y directed mesh for the cell
assembly.

G00000001SMZ D(NE9) cm array 29Y containing the Z directed mesh for the cell
assembly.

G00000001SMR D(1) N§S =1 cm the radius of the outer assembly boundary.

quired to rebuilt the assembly.

geometry in terms of cells and rotation. The first ele-
ment (¢ = 1) identifies the cell number while the sec-
ond element identifies the cell rotation.

erties. A value of 1 indicates that the symmetry is
present while a value of 0 indicates that the symme-
try is not considered. The order of the symmetry is X,
Y, X =Y and Z respectively fori = 1, 2, 3, and 4.

cation. A value of 1 indicates that this face is an ex-
ternal surface while a value of 0 indicates that the face
represents an internal surface. The order of the external
facesis X_, X,,Y_,Y,,Z_,Z and R, respectively
fori =1, 2, 3,4, 5, 6, and 7.

The dimensioning vector for the global geometry contains the following information:

NE6 is the number of dimensions for the problem.

NS is the type of boundary. A value of 0 indicates a Cartesian geometry and a value of 1 indicates a
cylindrical geometry.

N$C is the first direction to process in the analysis. For cylinder, this is the direction of the first axis of the
plane normal to the cylinder axis. For Cartesian geometry a value of 1 (z-axis) is selected by default.

N$6 is the number of cells in the original geometry (before unfolding).

NSE is the total number of cells in the geometry after the original geometry is unfolded according to the
symmetries.

NEC in the diagonal symmetry flag. A value of 0 indicates that this symmetry is not used. A value of —1
indicates that the symmetry is used along the X_ = Y, and a value of 1 that the symmetry is used along
X4 =Yaxis.

NSE in the flag to identify symmetries with respect to the z-axis (X_ or X;). A value of 0 indicates that no
symmetry is present, N$O = +1 is for a SYME symmetry at the X+ plane, N¥C = 42 represents a SSYM
symmetry at the X plane and N¥C = 3 implies a translation symmetry is the x direction (X _ = X ).
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NEC in the flag to identify symmetries with respect to the y-axis (Y_ or ;). A value of 0 indicates that no
symmetry is present, N6 = 41 1s for a SYME symmetry at the Y. plane, N9C = 42 represents a SSYM
symmetry at the Y plane and N7 = 3 implies a translation symmetry is the y direction (Y_ = Y7 ).

N§C in the flag to identify symmetries with respect to the z-axis (Z_ or Z, ). A value of 0 indicates that no
symmetry is present, NS¢ = =£1 is for a SYME symmetry at the Z plane, NS¢ = 42 represents a SSYM
symmetry at the Z plane and NS = 3 implies a translation symmetry is the z direction (Z_ = Z).

NS is the number of 2 mesh subdivisions in the original geometry.

NEE is the number of y mesh subdivisions in the original geometry.

NES is the number of z mesh subdivisions in the original geometry.

N{E is the number of 2 mesh subdivisions in the unfolded geometry.

NEE is the number of y mesh subdivisions in the unfolded geometry.

NS is the number of z mesh subdivisions in the unfolded geometry.

NS is the maximum number cells required to represent this geometry.

NES is the maximum number of region for this geometry.

NS is the total number of clusters in this geometry.

N{E is the maximum number of pins in this geometry.

N$S is the maximum dimension of any mesh array for a cell in this geometry.
NG is not maximum dimension of any mesh array for a pin in this geometry.
N$$ is the number of external surfaces for this geometry.

NQ%G is the number of regions for this geometry.

N$S is the maximum number of external surfaces in a sub-geometry included in this geometry.

NSE is the maximum number of regions in a sub-geometry included in this geometry.

The array 29¢ contains the following information:

299 contains the displacement of the center of the cylindrical region with respect to the center of the Carte-

sian mesh in direction x. This center is located at:

xﬁ? + .2380
2

Te =

where we have used n® = N6

:C?_Gl < x < 259 gives the position in z of mesh element 7 with i = 1,n*

The array y9C contains the following information:

9§ contains the displacement of the center of the cylindrical region with respect to the center of the Carte-
sian mesh in direction y. This center is located at:

K’ +
Yo = yn/ 5 y

where we have used n¥ = N6
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e 396 <y < yFC gives the position in y of mesh element i with i = 1,nY.

The array 29 contains the following information:

o 56

contains the displacement of the center of the cylindrical region with respect to the center of the Carte-

sian mesh in direction z. This center is located at:

259 4 2§S

Ze =

2

where we have used n* = N§6

o 296 < 2 < 296 gives the position in z of mesh element i with i = 1,n*

As we noted above, the global geometry is described in terms of cells. For cell ¢« = 1 the following records will

be stored on the /NXTRecords/ directory.

Table 18: Cell ¢ = 1 records in /NXTRecords/

Name Type Units Comment

C00000001DIM I(40) array NJGZC containing the dimensioning information re-
quired to rebuilt cell ¢.

C00000001SMR D(NS©) cm  array 75 containing the radial mesh description for cell
i.

C00000001SMX D(NSC) cm array x?? containing X directed mesh description for cell
i.

€00000001SMY D(NSC) cm  array y's containing Y directed mesh description for cell
i.

€00000001SMz  D(NFC) cm  array 2§’ containing Z directed mesh description for cell

C00000001MIX I(NFO) array M JGZC containing the mixture associated with each
region j in cell <.

C00000001VSE D(—N$€ : N§©) array SV?S— containing surface area j (SV??Z- = S9C in
cm for 2-D and cm? for 3-D problems) and regional vol-
umes j (SVJG»S = V€ em? for 2-D and cm? for 3-D prob-
lems) associated with cell 7.

€C00000001VST I(4, — NS : NS©) array VSIgFj’i containing the location of a geometrical
surface and region j position (5 is negative for surfaces
and positive for regions) in cell <.

C00000001RID I(NF) array RIDSS containing the final region number associ-
ated with a geometrical region position in cell 7.

C00000001SID I(NS) array SIDS'S containing the final surface number associ-
ated with a geometrical surface position in cell .

C00000001PNT (3, N{i) array PCS’CJ-,Z- containing the pin content of cell .

C00000001PIN D(—1:4, NC) array pj ; containing the location of the pins in cell .

Note that the record names above are built using the following FORTRAN instructions:

WRITE (NAMREC, ’' (Al,I8.8,A3)")

'C’,i,NAMEXT
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with ¢, the cell number and NAMEXT the record extention name (for example NAMEXT=STA for the cell dimen-
sioning array NZ°).
The cell dimensioning array NPC for each cell geometry contains the following information:
. NlGS contains the cell geometry type (see the definition of S in Section 5.1)
e Ng§ contains the dimensions of the radial mesh array.
e Ng§ contains the dimensions of the = directed mesh array.
o N{§ contains the dimensions of the y directed mesh array.
o N g’f contains the dimensions of the z directed mesh array.
o Ng§ contains the dimensions of the mixture record.
e NF§ contains the geometry level (1 for cell).
e N¢§ contains the number of regions in the cell before symmetry considerations.
° Ngg contains the number of surfaces in the cell before symmetry considerations.
o N ﬁ)cl contains the number of regions in the cell after symmetry considerations.
o N ﬂCl contains the number of surfaces in the cell after symmetry considerations.
o N 1C’2C1 contains the first region number associated with this cell.
o N %Cl contains the last region number associated with this cell.
o N 1G4C1 contains the first surface number associated with this cell.
o N 1G5C1 contains the last surface number associated with this cell.
o NV 96(?1' contains the number of pin cluster geometries in this cell.
o N 1(;7(21 contains the first pin cluster geometry associated with this cell.
o IV 108% contains the total number of pins in this cell.
o IV 109% contains the number of times this cell is used in the global cell.
while the remaining elements are not used. The array ijS contains the following information:

. xﬁcu contains the displacement of the center of the cylindrical region with respect to the center of the

Cartesian mesh in direction z. This center is located at:
Ge GC
Tnz i +xg;
=Ty
where we have used n? = NS¢,

GC

o i, Su < :1:5’? gives the position in z of mesh element j with j = 1, n}.

The array y?f contains the following information:
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° ygg’i contains the displacement of the center of the cylindrical region with respect to the center of the
Cartesian mesh in direction y. This center is located at:
G G
Yot i Y04

Yei = 9

where we have used n! = N7,
o 39C <y < 99 gives the position in y of mesh element j with j = 1,n?
‘]71’1 — y i yj,l g p y J .7 9 Plg -

The array zflc contains the following information:

e 25 . contains the displacement of the center of the cylindrical region with respect to the center of the

Cartesian mesh in direction z. This center is located at:
GC GC
“nz i + 20,
Fei = o
where we have used nf = NS¢,

o 25, <2 <255 gives the position in z of mesh element j with j = 1,77 .

The array 7' contains the following information:

GC _ ,.GC _
o r2y, =15, =0.

° T?EM <r< rff describes the position in r of mesh element j with j = 1, NzGZC
The array pg’? contains the following information:
e p9G , is the angular position of z, = or y directed pin with respect to the , y or 2 axis.

. pgg is the radial position of z, x or y directed pin with respect to the x — y, y — z or z — x center of the cell
where the pin is located.

e p§S is the height of a x directed pin.

7

e pSS is the height of a y directed pin.

7

. pgg is the height of a z directed pin.
. pfff is the outer radius of the pin.

The cells may also contain pin clusters geometry that overlap the cell. For pin ¢ = 1 the following records will
be available on the /NXTRecords/ directory.

Table 19: Pin ¢ = 1 records in /NXTRecords/

Name Type Units Comment

P00000001DIM I(40) array N ]Gf containing the dimensioning information re-
quired to rebuilt pin ¢.

continued on next page
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Name Type Units Comment

P00000001SMR D(NSP) cm array 77 containing the radial mesh description for pin
i.

P00000001SMX D(NSP) cm array x?f containing X directed mesh description for pin
i.

P00000001SMY D(N$P) cm array y'; containing Y directed mesh description for pin
i.

P00000001SMz D(NSP) cm array 2§} containing Z directed mesh description for pin
i.

P00000001MIX I(NSP) array MJGf containing the mixture associated with each
region j in pin ¢.

P00000001VSE D(—N§? : N$P) array SV?’}; containing surface area j (SV(,H;-’Z- = S9% in
cm for 2-D and cm? for 3-D problems) and regional vol-
umes j (SV?E = V& em? for 2-D and cm? for 3-D prob-
lems) associated with pin <.

P00000001VSI I(4, —N§F : NGP) array VSIgE-’Z- containing the location of a geometrical
surface and region j position (5 is negative for surfaces
and positive for regions) in pin 7.

PO0000001RID I(NSF) array RIDS? containing the final region number associ-
ated with a geometrical region position in pin 7.

P00000001SID I(NSP) array SIDﬁE containing the final surface number associ-

ated with a geometrical surface position in pin 7.

Here the record names are built using a procedure similar to that described above for the cell, namely:

WRITE (NAMREC, ' (Al,I8.8,A3)")

"P’,i,NAMEXT

with ¢, the pin number and NAMEXT the record extention name (for example NAMEXT=STA for the pin dimension-

ing array NEP).

The pin dimensioning array NFF for each contains the following information:

o N 1Gl; contains the pin geometry type (see the definition of S& in Section 5.1)

e NSP contains the dimensions of the radial mesh array.

e NS contains the dimensions of the x directed mesh array.

N$P contains the dimensions of the y directed mesh array.
NSP contains the dimensions of the z directed mesh array.
NEP contains the dimensions of the mixture record.

Ngf contains the geometry level (2 for pins).

N, SGE contains the number of regions in the pin before symmetry considerations.

N9G§ contains the number of surfaces in the pin before symmetry considerations.
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o NGP 10.; contains the number of regions in the pin after symmetry considerations.

NEP. contains the number of surfaces in the pin after symmetry considerations.

NSCP. contains the first region number associated with this pin cluster.

N{3; contains the last region number associated with this pin cluster.

NP, contains the first surface number associated with this pin cluster.

N 15, contains the last surface number associated with this pin cluster.

N 1GGP , contains the first pin cluster geometry associated with this pin cluster.
o NZP 17.; contains the total number of pins associated with this pin cluster.

while the remaining elements are not used. The array x P contains the following information:
° foi contains the displacement of the center of the cylindrical region with respect to the center of the

Cartesian mesh in direction z. This center is located at:
GP GP
Zpz it Tg,
Tei= g
where we have used n? = N$¥.

. %G'Eu <z < SE?E gives the position in z of mesh element j with j = 1, n?.

The array y P contains the following information:

o y5° , contains the displacement of the center of the cylindrical region with respect to the center of the
Cartesian mesh in direction y. This center is located at:

y y i + y
Yeyi = f
where we have used n! = N{¥.

o y] 1<y < y P gives the position in y of mesh element j with j = 1,n?.

The array 2§’; contains the following information:
. zGli , contains the displacement of the center of the cylindrical region with respect to the center of the
Cartesian mesh in direction z. This center is located at:
~CP
i+ 20 i

2

Zei =

where we have used n; = NSF.

GP

2§71 < 2 < 257 gives the position in z of mesh element j with j = 1,7}

The array r P contains the following information:

GP
o IZ_TOZ_O

GP
J

o 7P, < <% describes the position in 7 of mesh element j with j = 1, Ng'}.

Finally the /NXTRecords/ directory also contains records associated with global identification of the sur-
faces and volumes.



IGE-232 Rev. 5

39

Table 20: Global geometry records in /NXTRecords/

Name Type Units ~ Comment

TrackingDnsA D(S%) cm array D; containing the track spacing for direction 7.

TrackingDirc D(NFS, Sk array «; ; containing the director cosine for axis j in di-
rection 4.

TrackingOrig D(NFS, N, S5)) cm array Ly, ;; containing the origin in space (k = 1, NF¢)
and the direction of the normal plan for each plane j with
direction 7.

TrackingWgtD D(S%,) array W; containing the integration weight for each track
direction ¢.

VTNormalize , D(N$P) array R; containing the ratio of the analytical and numer-
ical volume for region <.

VTNormalizeD D(N$C, S4)) array R; containing the ratio of the analytical and numer-
ical volume for region ¢ for each track direction. Valid
only if 8§ = —1.

KEYMRG,_, ., . ... I(—NGS, NSF) array MRG; containing the global merging index.

MATALB_ . . . .. [(—NGS, NSF) array containing the albedo number associated with each
surface and the mixture number associated with each re-
gion.

SAreaRvolume D(—N%G7 NQGQG) array containing the area (S, in cm for 2-D and cm? for

3-D problems) and regional (V; cm? for 2-D and cm? for
3-D problems) of each surface and region associated with
this.

6.3 The SYBIL records and sub-directories

When the SYBIL module is used (M = 2), the following elements in the vector S} are also defined:

e Stis the main SYBIL model where:

2 pure geometry;

3 do-it-yourself geometry;
4 2-D assembly geometry;

10  double heterogeneity geometry.

e S} is the minimum space required to store tracks for assembly geometry.

e S} is the minimum space required to store interface currents for assembly geometry.

The following sub-directories will also be present on the main level of a /TRACKING/ directory.
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Table 21: The SYBIL records and directories

Name Type Condition Units Comment

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 ge-
ometry.

EURYDICE,__ ., Dir St=4 directory containing the data related to an assembly geome-
try.

BIHET, . ...... Dir St =10 directory containing the data related to a double heterogene-

ity geometry.

where the directories /PURE-GEOM/, /DOITYOURSELF/, /EURYDICE/ and /BIHET/ contain respectively:

Table 22: The contents of the SYBILT: /PURE-GEOM/ directory

Name Type Units  Comment

PARAM,, . . ... l(6) array ‘P; containing the parameters for a SYBIL tracking on a
pure geometry.

XXX e, R(Py+1) cm array containing the X directed mesh coordinates after mesh
splitting for type 2, 5 and 7 geometries. Region ordered radius
after mesh splitting for type 3 and 6 geometries.

YYY oo, R(Ps+1) cm array containing the Y directed mesh coordinates after mesh
splitting for type 5, 6 and 7 geometries.

227, . .., RPs+1) cm array containing the Z directed mesh coordinates after mesh
splitting for type 7 and 9 geometries.

SIDE, . ... R@) cm parameter containing de dimensions of one side of a hexagon for
type 8 and 9 geometries.

NCODE_, ..., Ll©6) array containing the types of boundary conditions on each sur-
face Ng ;.

ZCODE_,_, ...... R(6) arrau containing the albedo value on each surface.

with the dimension parameter P; representing:
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e P is the type of geometry where:

indicates a Cartesian 1-D geometry;
indicates a tube 1-D geometry;
indicates a Cartesian 2-D geometry;
P1 indicates a tube 2-D geometry;
indicates a Cartesian 3—D geometry;

indicates a hexagonal 2-D geometry;

I
© 0 NS Ul W N

indicates a hexagonal 3—-D geometry.

e P, is the type of hexagonal symmetry where:

for an assembly with a S30 symmetry;
for an assembly with a SA60 symmetry;
for an assembly with a SB60 symmetry;
for an assembly with a S90 symmetry;
Po for an assembly with a R120 symmetry;
for an assembly with a R180 symmetry;
for an assembly with a SA180 symmetry;

for an assembly with a SB180 symmetry;

I
© 00 N TR W N

for an assembly without symmetry (COMPLETE).

Ps is the quadrature parameter.

‘P4 is the number of X directed or radial mesh intervals in the geometry.

Ps is the number of Y directed mesh intervals in the geometry.

e Py is the number of Z directed mesh intervals in the geometry.

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

not used;

void boundary condition;
reflection boundary condition;
Ng,j = diagonal reflection boundary condition;
periodic (translation) boundary condition;

symmetric reflection boundary condition;

S O W N RO

albedo boundary condition.
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Table 23:
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The contents of the SYBILT: /DOITYOURSELF/ directory

Name Type Condition Units Comment

PARAM, , . . ... IB3) array P; containing the parameters for a SYBIL tracking
on a do-it-yourself geometrY.

NMC,_ s, (M) array containing the offset of the first region in each cell.

RAYRE . ... RV,M) cm  array containing the radius of the tubes in each cell.

PROCEL_, ., ... RWM,M) array containing the geometric matrix.

POURCE__, ... RWM) array containing the weight assign to each cell.

SURFA__ . ... RWM) cm?  array containing the surface of each cell .

with the array P; containing:

e P; = M — 1 is the number of cell.

e P, is the quadrature parameter.

e Ps is the statistical option.

e P4 = N is the maximum number of region per cell.

Table 24: The contents of the SYBILT: /EURYDICE/ directory

Name Type Condition  UnitsComment

PARAM,, . . ... I(15) array P; containing the parameters for a SYBIL tracking
on an assembly geometry.

XX oo R(Pe) cm array containing the X thickness of the generating cells.

YY  ineons  R(Ps) cm array containing the Y thickness of the generating cells.

NMC_, i, 1(Pg) array containing the offset of the first region in each gen-
erating cell.

RAYRE . ... RWM) cm array containing the radius of the tubes in each generating
cell.

MAIL_ . . one. 1(Ps) array containing the offset of the first tracking informa-
tion in each generating cell.

ZMAILI . ... I(Pi5) array containing the integer tracking information.

ZMAILR , ... R(®Pi5) cm array containing the tracking length.

IFR i, (P4, Pra) array containing the index numbers of incoming currents.

ALB_ ... R(Py,Prg) array containing the albedo or transmission factors corre-
sponding to incoming currents.

INUM, oo, L(Py) array containing the index number of the merge cell as-

sociated to each cell of the assembly.

continued on next page
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The contents of the SYBILT: /EURYDICE/ directory
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continued from last page

associated to each merged cell.

Name Type Condition  UnitsComment

MIX oo 1(Ps,P1g) array containing the index numbers of outgoing currents.

DVX, . o,  R(Ps,P1g) array containing the weights corresponding to outgoing
currents.

IGEN, .. 1(Ps) array containing the index number of the generating cell

with the dimension parameter P; representing:

‘P; is the type of hexagonal symmetry where:

for an assembly with a S30 symmetry;
for an assembly with a SA60 symmetry;
for an assembly with a SB60 symmetry;
for an assembly with a S90 symmetry;
Po for an assembly with a R120 symmetry;
for an assembly with a R180 symmetry;
for an assembly with a SA180 symmetry;

for an assembly with a SB180 symmetry;

Il
© 0 N G W N e

‘Ps is the type of multicell approximation.

Ps is the type of cylindrization.

Py is the total number of cells.

‘P5 is the number of merged cells.

Ps is the number of generating cells.

‘P~ is the number of distinct interface currents.

‘Pg is the number of angles for 2-D quadrature.

Py is the number of segments for 2-D quadrature.

P10 is the number of segments for homogeneous 2-D cells.
‘P11 is the number of segments for 1-D cells.

‘P12 is the track normalization option where:

0 indicates that the tracks are normalized;
P2 = . .
1 indicates that the tracks are not ormalized.

for an assembly without symmetry (COMPLETE).
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e Pi3 is the type of quadrature in angle and space where:

P 0 indicates a Gauss quadrature;
13 = - .
1 indicates a trapezoidal quadrature.

e Py4 is the number of outgoing interface currents per cell.

e Py5 is the number of array elements in the tracking arrays.

Table 25: The contents of the SYBILT: /BIHET/ directory

Name Type Condition  Units Comment

PARAM,, . . ... I8 array P; containing the parameters for a SYBIL tracking
on a double heterogeneity geometry P;.

NS, . ions 1Py array containing the number of tubes or shells in each
kind of micro structure.

IBI, i, L(P3) array containing the type of mixture in each generating
region of the macro geometry.

RS s, R(Pyy, M) cm  array containing the radii of the micro regions.

FRACT_ . ... R(P4,P2) array containing the volume fraction of each type of mi-
cro region in each composite mixture.

VOLK,_, ., .. R(Py,Ps) array containing the volume fractions of the tubes or
shells in the micro regions.

where P; contains:
e P; is the number of ordinary mixtures pointing to the MACROLIB.
e Py is the number of mixtures, including the composite mixtures (i.e., containing micro structures).
e Ps is the number of regions in the macro geometry,

e P; is the number of different kinds of macro structures. 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 Ps = M — 1 is the maximum number of regions (tubes or shells) in each kind of macro structure.
e Pg is the main SYBIL model for the macro geometry.
e P is the type of micro regions where:

{3 indicates a cylinder;
Pr =

4 indicates a sphere.

e Pg is the quadrature parameter for the 1-D collision probability calculation in the micro structures.
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6.4 The JPMT: records and sub-directories

When the JPMT : module is used (M = 3), the following elements in the array S} will also defined:

S% is the main JPM model where:

pure geometry;
do-it-yourself geometry;

St 2-D assembly geometry;

|
Gl W

2-D cluster geometry;
10 double heterogeneity geometry.
S} is the minimum space required to store tracks for assembly geometry.
8§ is the minimum space required to store interface currents for assembly geometry.

Si, is the flag to specify if the individual cell collision probability must all be recomputed even if the
properties of specific cells have not been modified. Here:

St 0 always re-compute all blocks probabilities;
071 re-compute probabilities only for modified blocks.

St is the total number of blocks in the domain.

St is the total number of generating blocks.

S1, is the total number of distinct outgoing currents.
St is the total number of incoming currents.

Si is the total number of outgoing currents,

Sl is the dimension of PSS vector.

Si. is the dimension of ICM vector.

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

Table 26: The JPM records and sub-directories

Name Type Condition  Units Comment

IFR s 1(St) array containing the index numbers of incoming currents.

ALB, . e R(Sy) array containing the albedo or transmission factors corre-
sponding to incoming currents.

INUM, s I(St) array containing the index number of the merge cell as-
sociated to each cell of the assembly.

MIX . i I(Sty) array containing the index numbers of outgoing currents.

DVX, . s R(Si5) array containing the weights corresponding to outgoing
currents.

continued on next page
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Name Type Condition Units Comment

IGEN,, .. I(St) array containing the index number of the generating cell
associated to each merged block.

ISURF, . . s 1(Sy) array containing the number of surfaces associated with
a generating block.

CHORD,_, . . ...l R(SY) array containing the mean chord length associated with
each block.

MUL i I(St) array containing the position of diagonal element in com-
press response matrix.

IMA o I(St) array containing the position of first non zero element in
compress response 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.

/CLUSTER/ 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-

geneity geometry.

where the directories /PURE-GEOM/, /DOITYOURSELF/, /EURYDICE/, /BIHET/ and /CLUSTER/ contain

respectively:
Table 27: The contents of the JPMT: /PURE-GEOM/ directory

Name Type  Condition Units Comment

PARAM, , . . ... l(©6) array P; containing the containing the parameters for a
JPM tracking on a pure geometry.

XX issons R(Ps) cm array containing the X directed mesh coordinates after
mesh splitting for type 2, 5 and 7 geometries. Region
ordered radius after mesh splitting for type 3 and 6 ge-
ometries.

YY oo R(Ps) cm array containing the Y directed mesh coordinates after
mesh splitting for type 5, 6 and 7 geometries.

ZZ s, R(P5) cm array containing the Z directed mesh coordinates after

mesh splitting for type 7 and 9 geometries.

with the dimension parameter P; representing:
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e P is the type of geometry where:

Py

© 00 N O Ut W N

indicates a Cartesian 1-D geometry;
indicates a tube 1-D geometry;

indicates a Cartesian 2-D geometry;
indicates a tube 2-D geometry;

indicates a Cartesian 3—D geometry;
indicates a hexagonal 2-D geometry;
indicates a hexagonal 3—-D geometry.

e P, is the type of hexagonal symmetry where:

P

© 00 J O Ut = W N =

for an assembly with a S30 symmetry;
for an assembly with a SA60 symmetry;
for an assembly with a SB60 symmetry;
for an assembly with a S90 symmetry;
for an assembly with a R120 symmetry;
for an assembly with a R180 symmetry;
for an assembly with a SA180 symmetry;
for an assembly with a SB180 symmetry;

47

for an assembly without symmetry (COMPLETE).

e Ps is the type of IC approximation between the blocks where:

1 use the DF; approximation for all surfaces;

Ps = ¢ 2 usethe DP, approximation for all surfaces;

3 use the D P, approximation for inner and D P, approximation for outer surfaces.

e P, is the quadrature parameter.

e Ps number of mesh intervals in the geometry.

Table 28: The contents of the JPMT : /DOITYOURSELF/ directory

Name Type Condition Units Comment

PARAM, . ..o I(B) array ‘P; containing the containing the parameters for a
JPM tracking on a do-it-yourself geometry.

NMC,_ . s I(M) array containing the offset of the first region in each cell.

RAYRE . ...l R(N, M) cm  array containing the radius of the tubes in each cell.

PROCEL_, ., . ... R(M, M) array containing the geometric matrix.

with the dimension parameter P; representing:
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e P is the number of cell.

e Py is the type of IC approximation between the blocks where:

1 use the DF; approximation for all surfaces;
Pa = ¢ 2 usethe DP, approximation for all surfaces;

3 use the D P; approximation for inner and D P, approximation for outer surfaces.

‘Ps is the quadrature parameter.

‘P, is the statistical option.

Ps = N is the maximum number of region per cell.

Table 29: The contents of the JPMT : /EURYDICE/ directory

Name Type Condition Units Comment

PARAM, . ... I(11) array P; containing the parameters for a JPM tracking on
an assembly geometry.

ITGEN_ . ... IM) array containing the type of generating block.

COORD,_,_ v is R(3, M) cm array containing the dimensions of the generating blocks.

MAIL . i I(M) array containing the offset of the first tracking informa-
tion in each generating cell.

ZMAILI . . ... I(Pio) array containing the integer tracking information.

ZMAILR_ . ... RPi) cm array containing the tracking length.

with P; containing:
e Py is the type of multicell approximation.

e P is the type of cylindrization.

Ps is the type of IC approximation between the blocks where:

1 use the DF; approximation for all surfaces;
Ps = ¢ 2 use the DP, approximation for all surfaces;

3 use the D P, approximation for inner and D P, approximation for outer surfaces.

‘P4 is the number of angles for 2-D quadrature.

‘P5 is the number of segments for 2-D quadrature.

‘Pe is the number of segments for homogeneous 2-D cells.

‘Pz is the number of segments for 1-D cells.
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e Py is the track normalization option where:

0 indicates that the tracks are normalized;
Pg = . )
1 indicates that the tracks are not ormalized.

e Py is the type of quadrature in angle and space.

P 0 indicates a Gauss quadrature;
9 = o .
1 indicates a trapezoidal quadrature.

e Py is the number of array elements in the tracking arrays.

e P11 = M is the number of cell elements.

Table 30: The contents of the JPMT: /CLUSTER/ directory

Name Type Condition  Units Comment

PARAM, . ... I(11) array P; containing the parameters for a JPM tracking on
a cluster geometry.

YSIDE,_ .. ... R(@) cm  array containing the Y directed side of a Cartesian geom-
etry.

NRINFO_, ... I(2,Ps) array containing the rod location information.

RAN, . e R(Ps) cm  array containing the radii of the annular regions.

NRODS_, . ....oo I1(Ps,Pr) array containing the rod information.

ROD,_, . ., R@3,P7) array containing the rod location.

RODR_, . ....... R(Ps,P7) cm  array containing the rod radii.

where P; contains:
e Py is the type of IC approximation between the blocks where:

1 use the DFy approximation for all surfaces;
P1 =12 usethe DP; approximation for all surfaces;
3 use the D P; approximation for inner and D Py approximation for outer surfaces.

Ps is the type of cluster reconstruction where:

Py =

1 use the direct approach;
2 use the surface splitting approach.

Ps is the number of 2-D quadrature angles.

‘P4 is the number of 2-D integration segments.

Ps is the number of 1-D quadrature segments.
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Pe is the number of annular regions.

‘P7 is the number of rod types.

Pg is the maximum number of subrods per rod.

Py is the total number of surfaces.

P10 is the number of outer surfaces.

P11 is the maximum track length.

Table 31: The contents of the JPMT: /BIHET/ directory

Name Type Condition  Units Comment

PARAM,, . . ... 19 array containing the parameters for a JPM tracking on a
double heterogeneity geometry P;.

NS e 1(Ps) array containing the number of tubes or shells in each
kind of micro structure.

IGI,, s L(P9) array containing the type of mixture in each generating
region of the macro geometry.

RS, . s R(P3, M) cm  array containing the radii of the micro regions.

FRACT,_, .. ... R(Ps,Pp) array containing the volume fraction of each type of mi-
cro region in each composite mixture.

ISURF2, . ... 1(P2) array containing the number of surfaces associated with
a generating block.

CHORD2_, . ... R(Py) array containing the mean chord length associated with
each block.

where P; contains:
e P; is the number of ordinary mixtures pointing to the MACROLIB.
e Ps is the number of regions in the macro geometry.

e P is the number of different kinds of macro structures. 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 Py = M — 1 is the maximum number of regions (tubes or shells) in each kind of macro structure.
e Ps is the main JPM model for the macro geometry.

e Py is the type of micro regions where

3 for cylinder;
P =
4 for sphere.

e P, is the quadrature parameter for the 1-D collision probability calculation in the micro structures.
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e Py is the type of IC approximation between the blocks where:

1 use the DFy approximation for all surfaces;
Ps = ¢ 2 use the DP, approximation for all surfaces;

3 use the DP; approximation for inner and D P, approximation for outer surfaces.

e Py is the total number of surfaces.

51
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7 CONTENTS OF A /ASMP1J)/ DIRECTORY

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

7.1 The main directory

The following records and sub-directories will be found in the /ASMPIJ/ directory:

Table 32: Main records and sub-directories in /ASMPI1J/

Name Type Condition Units Comment

SIGNATURE__, ., Cx12 parameter SIGNA containing the signature of the data
structure.

STATE-VECTOR 1(40) array S§ containing various parameters that are required
to describe this data structure.

{/GRPDIR/} Dir list of sub-directories that contain the collision probabil-
ity and response matrices associated with each energy
group g.

The signature variable for this data structure must be SIGNA=L_PIJ
following information:

. The array S;* contains the

[T TR T T TR T

e Sf = Ip contains 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. Here Ip can take the following values:

—1 the system responses matrices will be stored;
Ip =0  only isotropic collision probability matrices will be stored;

1 isotropic and directional collision probability matrices will be stored.
e S¢ = Ig contains the type of collision probabilities considered where:

I {0 scattering reduced collision probability or response matrix;
S =

1 direct collision probability or response matrix.

e S§ = Ip contains the residual system matrix flag where:

7 0 residual system matrix is present;
R = . .
1 residual system matrix is not saved.

e S§ = I contains the type of collision probability closure relation used where:

—1 no closure relation used on cell with leakage;
I 0 no closure relation used on cell without leakage;
c = . .
1 total reflection closure relation;

2 Selengut closure relation.
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e S¢ = Iy contains the type of collision probability normalization method used. Here Iy can take the
following values:

—1 no normalization;
0  HELIOS type normalization;
Iy = Gelbard normalization algorithm;

diagonal element normalization;

W N =

non-linear normalization.

e S¢ = N, contains the collision probability calculation grouping algorithm. Here N, is the number of
simultaneous groups to process for each integration line.

o S% = Ir contains the number of groups.

o S§¢ = N, contains the number of unknown in flux system.

o 5§ = Ny, contains the number of mixtures.

o 5§y = N contains the anisotropy order.

o S{| = Ngen contains the umber of generating cells.

e Sfy = N, contains the number of regions.

e S{5 = N, contains the number of surfaces.

e Siy = Ny contains the dimension of the Py, matrix,

e S{5 = Nicn contains the dimension of the interface current matrix.

o Sy, = Ii.x contains flag indicating the presence of absence of the complete leakage matrix where

I 0 the complete leakage matrix is absent;
leak = .
¢ 1 the complete leakage matrix is present.

The list of group directory {/GRPDIR/} names GRPDIR will be composed using the following FORTRAN
instructions

{WRITE(GRPDIR, " (A5,I3,A1,I3)’) 'GROUP’q,'/'G

for 1 < g < G. For example, in the case where two group collision probability matrices are considered (G = 2),
two such directory would be generated, namely

Table 33: Example of collision probability directories

Name Type Condition Units Comment

GROUP_ 1/_.2 Dir G=2 sub-directory that contains the information associated
with group g = 1.

GROUP_, 2/_,..2 Dir G=2 sub-directory that contains the information associated
with group g = 2.
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7.2 The group sub-directory
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Inside each group g directory the following records will be found

Table 34: Collision probability directories

Name

Type

Condition

Units

Comment

DRAGON-TXSC, ,

DRAGON-S0XSC

DRAGON-PCSCT
DRAGON1PCSCT
DRAGON2PCSCT
DRAGON3PCSCT

DRAGON1P*SCT

DRAGON2P*SCT

DRAGON3P*SCT

DRAGON-PIS
DRAGON-PCFUT

RO : Ny,)

R(0: Ny,)

R(N:, Ny)
R(N:, Ny)
R(N;, Ny)
R(N:, Ny)

R(Nra NT)

R(N:, Ny)

R(N;, Ny)

R(N7)
D(Ny, Ny)

Ip >0
Ip=1
Ip=1
Ip=1

Ip=1

Ip=1

Ic #0,1
Ileak =1

cm

cm™

array ¢, containing the total cross section for the
mixtures assuming that the first mixture represents
void (X = 0).

array Eg’m’w containing the within group scatter-
ing cross section for the mixtures assuming that
the first mixture represents void (X , ,, = 0).
array Pg ;,; containing the scattering modified or
direct collision probability matrix.

array Psq »,i,; containing the X directed scattering
modified or direct collision probability matrix.
array Pg y.i,; containing the Y directed scattering
modified or direct collision probability matrix.
array Pf »,i,; containing the Z directed scattering
modified or direct collision probability matrix.
array P7’, . containing the isotropic current X
directed scattering modified or direct collision
probability matrix.

array Pf;l ; containing the isotropic current Y’
directed scattering modified or direct collision
probability matrix.

array P{’", ; containing the isotropic current Z di-
rected scattering modified or direct collision prob-
ability matrix.

array P/ o containing the total leakage matrix.

array P]‘gdf( ;,; containing the complete leakage ma-
trix.
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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 directory

The following records and sub-directories will be found in the /FLUXUNK/ directory:

Table 35: Main records and sub-directories in /FLUXUNK/

Name Type Condition Units  Comment

SIGNATURE__, ., Cx12 parameter SIGNA containing the signature of the data
structure.

STATE-VECTOR 1(40) array Sif containing various parameters that are required
to describe this data structure.

EPS-CONVERGE R(5) array A containing the convergence parameters for the
flux solution algorithm.

K-EFFECTIVE_, R(1) 1< S{ <5 parameter containing the computed or imposed effective
multiplication constant for eigenvalue problem.

FLUXDIRECT __, Dir /FLUX/ directory containing the direct solution to the
transport equation.

PSEUDOADJ,_, ., Dir Sif >1 /FLUX/ directory containing the pseudo-adjoint solution
to the transport equation.

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

PSEUDOGENADJ Dir Sif >3 /FLUX/ directory containing the generalized pseudo-
adjoint solution to the transport equation.

FLUXGENADJ, _ _, Dir Sif >4 /FLUX/ directory containing the generalized adjoint so-
lution to the transport equation.

where each /FLUX/ directory contains:

Table 36: Contents of a /FLUX/ directory

Name Type Condition Units Comment

1/EIGENVALUE R(1) 1< S{ <5 parameter kg containing the inverse of the eigen-
value for the problem.
B2, BlHOM_ ., R(1) 2<8/ <5 cm2 parameter B2 containing the homogeneous buckling.

continued on next page
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Contents of a /FLUX/ directory continued from last page

Name Type Condition Units Comment

DIFFB1HOM_ ., R(G) 2< Slf <5 cm array d9 containing the multigroup homogeneous
leakage coefficients.

PNL_, .., R(@G) Sg =0 array PJ, containing the non-leakage probabilities.

B2 HETE__ ... R(3) Si>5 cm 2 array B? containing the directional buckling.

{fixcur} R(Ny) cm~2s~! array ®,,; containing the unknowns.

{funsur} R(Ny) Sl =1 cm~2s~! array @, ; containing the surface flux.

The signature for this data structure is SIGNA=L_FLUX The array Sl-f contains the following infor-

mation:

(RN TENTEE TR

° S{ = I, contains the type of solution considered where:

0 no flux calculation, fluxes taken from input file;

kg eigenvalue problem with fission and no leakage;

kg eigenvalue problem with fission and fixed leakage (dB?);
kg eigenvalue problem with fission and fixed B2;

Buckling eigenvalue problem with fission and leakage;

Buckling eigenvalue problem without fission but with leakage;

DD O e W N

fixed source problem, no eigenvalue.

. 82f = I; contains the type of leakage model where:

no leakage model;
homogeneous PNLR calculation;
homogeneous PNL calculation;
homogeneous SIGS calculation;
homogeneous ALSB calculation;
I heterogeneous leakage with imposed buckling;
heterogeneous leakage with X Buckling search;
heterogeneous leakage with Y Buckling search;

heterogeneous leakage with Z Buckling search;

I
© 0 O T W N = O

heterogeneous leakage with radial Buckling search;

10 heterogeneous leakage with total Buckling search.

. Sg = Ny contains the number of free iteration per variational acceleration cycle.
e S 4{ = N, contains the number of accelerated iteration per variational acceleration cycle.
° 85f = I, contains the thermal rebalancing option where:

B {O no thermal iteration rebalancing;
T

1 thermal iteration rebalancing activated.
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o S/ = M, contains the maximum number of inner (thermal) iterations.
° 8; = My, contains the maximum number of outer iterations.

° Sg = I 4 contains the adjoint calculation option where:

no adjoint calculation;
pseudo-adjoint calculation;
Iy = pseudo-adjoint and adjoint calculation;

generalized pseudo-adjoint calculation;

B W N~ O

generalized pseudo-adjoint and adjoint calculation.

o S/ = N¢ contains the number of groups.

Slfo = Ny contains the number of unknowns.

S{l = N contains the number of outer surfaces.

8{2 = Ig contains the surface flux calculation option where:

0 the surface flux are not computed;
" 1 the surface flux are computed.

The array A contains:
o Af is the inner iteration flux convergence parameter.
o AS§ is the outer iteration eigenvalue convergence parameter.
o Afj is the outer iteration flux convergence parameter.
o Af is the outer generalized adjoint convergence factor.
o Af is the generalized adjoint contamination parameter.

In the case of a GG group calculation, G fixcur and funsur records can be present on this directory, one for each
group g. The explicit name of these records is created using the following FORTRAN instruction:

WRITE (fixcur, ' (A4,I3)’) 'FLUX',g
WRITE (funsur,’ (A6,I3)’) 'FUNSUR’',g

In the case of a two group calculation (Ng = 2) we will then find on /FLUXUNK!/ the following records:

Table 37: Two groups flux/current records on /FLUXUNK/

Name Type Condition  Units Comment

FLUX_ . 1.... R Vp) ecm~2s~!  array ®! containing the unknown for group g = 1.
FLUX . 2 .. ... RNy cm~2s~!  array ®7 containing the unknown for group g = 2.
FUNSUR__ 2.,.., R(Nyg) 8{2 =1 cm~ 257! array <I>;i containing the surface flux for group g = 1.
FUNSUR_ 2. R(Ng) &f,=1 cem 2! array ®? ; containing the surface flux for group g = 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 that the EDI :
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 final EDITION data structure. The data structures FLUX, LIBRARY and VOLMAT are
respectively of type FLUXUNK, MICROLIB and TRACKING. Assuming that the initial number of regions VOLMAT
is N and the number of groups in LIBRARY is G = 69, then the final information that will be stored in the
EDITING data structure will represent a two group (G, = 2) one mixture N, /MICROLIB/.

9.1 The main directory

The following records and sub-directories will be found in the /EDITION/ directory:

Table 38: Main records and sub-directories in /EDITION/

Name Type Condition  Units Comment

SIGNATURE__, ., Cx12 parameter SIGNA containing the signature of the
data structure.

STATE-VECTOR 1(40) array S; containing various parameters that are re-
quired to describe this data structure.

TITLE . . ... Cx72 parameter TITLE containing the title associated
with the last TRACKING processed.

LAST-EDIT_ , 6 Cx12 parameter LAST containing the name of the last
editing sub-directory generated.

REF-IMERGE__ I(S%5 array M, containing the merged region number

associated with each region number in the last
TRACKING processed.

REF-IGCOND_ , I(S5) array Cy containing the old group limits associ-
ated with the merged groups.

CARISO_ ... C(S5|-1)«12 |S§|>2 array NAMI containing the name of the isotopes
save during the last editing.

IACTI_ . . on I(SE) |SE| > 1 array A,, containing the mixture numbers for
which activation data was generated.

{/micdir/} Dir list of sub-directories that contain the editing in-
formation.

The signature for this data structure is SIGNA=L_EDIT
mation:

The array S§ contains the following infor-

[E YT TR TR

e 5S¢ = Ny contains the number of homogeneous mixtures saved for the last editing step.

e S5 = M contains the number of condensed groups considered for the last editing step.
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e S5 = I,y contains a flag to indicate whether or not the 4 factor were generated. Here:

I, 1 if the 4 factor are generated;
A 0 otherwise.

e S§ = Iy contains a flag to indicate whether or not the scattering cross-section matrix was been modified in
such a way that it does not contain up-scattering contributions. Here:

I 1 if the scattering matrix is modified to get rid of up-scattering contribution;
U= .
0 otherwise.

o S¢ = N4 contains the number of mixture activated.

e S¢ = Ig contains a flag to identify the types of statistics to be generated.
6 g y yp g

no statistics generated;
relative differences in the fluxes;

relative differences in the reaction rates;

~
)
I

W N = O

relative differences in the fluxes and reaction rates;
—1 absolute differences in the cross sections.

e 5% = Ipp contains a flag to identify the type of SPH equivalence factor to be computed.

0 no SPH correction;
the SPH factors already stored on the data structure are used;
7 transport-transport SPH equivalence for an homogeneous macro geometry;
EF =

transport-diffusion SPH equivalence for a user defined GEOMETRY;

1
2
3 transport-transport SPH equivalence for a user defined GEOMETRY;
4
5

transport-transport SPH equivalence for a user defined TRACKING.

S¢ = Ipn contains a flag to identify the type of SPH equivalence normalization considered.

no SPH correction;

an average flux normalization is selected;
Ign = T
a Selengut normalization is selected;

—_ == O

a Selengut normalization with surface leakage is selected.

S5 = I, contains the type of microscopic library generated.

—1 acomplete MICROLIB is generated including the depletion chain;
I, =<0 no MICROLIB is generated;
1 a complete MICROLIB is generated without the depletion chain.

Sty = I, contains the print level considered.

8§, = I, contains a flag to identify the types of cross section saved.

cross section are neither computed nor saved;
cross section are computed but not saved;

cross section are computed and saved;

w N = O

cross section are computed and perturbation parameters are saved
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o 57 = I, contains flag to identify the types of weighting used for the homogenization and condensation of
the linearly anisotropic contribution to the scattering matrix.

flux/volume;
current/volume;
buckling weighted coherent current/volume;

NN = O

buckling weighted coherent current/volume with directional correction.

e 57 = M7 contains the maximum number of isotopes per mixture.
e S7, = M, contains the maximum number of condensed groups.
e 57y = M), contains the maximum number of homogeneous mixtures.

e Sfs = My contains the total number of ISOTXS files generated.

The list of directory {/micdir/} names EDIDIR will be composed according to the following laws. In the case
where the set of keywords SAVE ON are used followed by a directory name (see example above), the contents
of EDIDIR will be identical the name of the specified directory (here EDIDIR=EDITCELL2G,_ ). If the SAVE
option is used without specifying a directory, then EDIDIR will be created as follows:

WRITE (EDIDIR, ' (A8,I4)'), 'REF-CASE’, J

where J is the number of default SAVE directory in the current /EDITION/ directory. Finally note that each
subdirectory created by the EDI : module has the general form of a /MICROLIB/ (see Section 4).
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10 CONTENTS OF A /BURNUP/ DIRECTORY

This directory contains the main burnup information including the multigroup flux and the isotopic concentra-

tion at each time or

burnup step.

10.1 The main directory

The following records and sub-directories will be found in the /BURNUP/ directory:

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

Name Type Units  Comment

SIGNATURE,_ ., Cx12 parameter SIGNA containing the signature of the data structure.

STATE-VECTOR 1(40) array S? containing various parameters that are required to de-
scribe this data structure.

EVOLUTION-R_ R(5) array I?; containing the various parameters associated with the
burnup calculation options.

DEPL-TIMES__ R(S)) 108 s array T; containing the various time steps at which burnup infor-
mation has been saved.

FUELDEN-INIT R(2) array containing the initial density of heavy element in the fuel
ps (g cm™3) and the initial mass of heavy element in the fuel m
().

ISOMIXT-EVO_ R(SY) array M containing the mixture number associated with each
isotope.

ISONAMES-EVO C(S%) x 12 array NAMI; containing the name of each isotope.

{/DEPLDIR/} Dir list of sub-directories that contain the properties associated with

each burnup step.

The signature for this data structure is SIGNA=L_BURNUP

mation:

The array S? contains the following infor-

[EETRRTRNTIN

e SV = I, contains the type of solution considered where:

15:{

1 fifth order Runge—Kutta method;
2 forth order Kaps—Rentrop method.

e SY = I, contains the type of burnup considered where:

I, =

0 out of core or zero flux/power depletion;

1 constant flux depletion;

2 constant power depletion.

e S} = N, contains the number of time steps for which burnup properties are present in this directory

e S! = N contains the number of isotopes.
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e S! = G contains the number of groups.
e S¢ = N, contains the number of regions.

The list of directory {/DEPLDIR/} names DEPLDIR will be composed using the following FORTRAN in-
structions:

WRITE(DEPLDIR, " (A8,I4)’) 'DEPL-DAT’, J

for time step J (associated time stamp 7';) such that 1 < J < N,. For the case where N; = 2, two such directory
would be generated, namely

Table 40: Example of depletion directories

Name Type Units Comment

DEPL-DAT_ .1 Dir sub-directory that contains the information associated with time
step J = 1.

DEPL-DAT__, .2 Dir sub-directory that contains the information associated with time
step J = w.

10.2 The depletion sub-directory

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

Table 41: Contents of a depletion sub-directory

Name Type Units Comment

ISOTOPESDENS R(Vp) (cmb)~! array p; containing the isotopic densities for each of the iso-
topes.

FLXDIR ., ..... RN, G) ecm~2s~! array ¢J containing the multiregion and multigroup flux where

for each energy group the flux associated with the region are
stored successively.

FLUX-NORM,_, ., R(1) parameter K containing the flux normalization constant. It is
zero for out of core depletion and represent the normalization
that ensures that the cell integrated flux or power are that re-
quired when fixed flux or power burnup is requested.

DELTA__ . ..... R(©?) array containing the fuel burnup (MW d T~!) and irradiation
(Kb~ 1) increments between the current time step and the pre-
ceding time step.

BURNUP-IRRAD R(2) array containing the fuel burnup (MW d T~!) and irradiation
(Kb~1) reached at this time step.
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11 CONTENTS OF A /CPO/ DIRECTORY

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

CpoResults := CPO: EdiResults EvoResults ::
BURNUP REF-CASE

EXTRACT ALL

NAME MIXTH ;

where EdiResults is a EDITION data structure that contains 2 homogeneous mixtures, evaluated and saved at
2 time steps, EvoResults is a BURNUP data structure containing information for the successive burnup calcu-
lations used to generate EdiResults and finally CpoResults is the final CPO data structure that contains the
resulting reactor database.

11.1 The main directory

The following records and sub-directories will be found in the /CPO/ directory:

Table 42: Main records and sub-directories in /CPO/

Name Type Condition Units Comment

SIGNATURE_ , A Cx12 parameter SIGNA containing the signature of the data
structure.

STATE-VECTOR 1(40) array S¢ containing various parameters that are required
to describe this data structure.

{/MIXDIR/} Dir list of sub-directories that contain homogeneous mixture
information.

The signature for this data structure is SIGNA=L_COMPO
mation:

The array S contains the following infor-

[ENTERTENTRSTRNN

e S7 = Ny contains the total number of homogeneous mixtures saved.
e S5 = Mg contains the maximum number of groups considered.

e S5 = M7 contains the maximum number of isotopes.

e S§ = M, contains the maximum order for the scattering anisotropy.

e 5¢ = Mp contains the maximum number of burnup steps per mixtures.

The list of directory {/MIXDIR/} names MIXDIR will be composed according to the following laws. The
first eight character (MIXDIR (1:8)) will be identical to the first 8 character of the user data following the key-
word NAME in the CPO: module (here MIXTH_,_, . If the keyword NAME is not used then MIXDIR (1:8) takes
the value COMPO_, , .. The last four characters (MIXDIR(9:12)) represent the various homogeneous mixture
number saved on the EDITION data structure. For the case where Ny such mixtures were produces the following
FORTRAN instructions are used to create the last four character of each of the directory names:
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WRITE (MIXDIR(9:12), (I4)") J

for 1 < J < Ny . For the example given above (Ngy = 2), two such directories will be generated, namely

Table 43: Example of homogeneous mixture directories

Name Type Condition Units Comment

MIXTH_, . ...l Dir is the sub-directory that contains the information associ-
ated with homogeneous mixture 1.

MIXTH , , ...2 Dir is the sub-directory that contains the information associ-
ated with homogeneous mixture 2.

11.2 The mixture sub-directory

Each mixture directory contains the following records and sub-directories will be found:

Table 44: Contents of a mixture sub-directory in /CPO/

Name Type Condition  Units Comment

TITLE_ . . ... Cx72 parameter T containing the title of the run which
produced this mixture.

PARAM . ... I4%) array P;™ containing the various parameters as-
sociated with this mixture.

VOLUME_, ..... R(@) cm? parameter V; containing the volume of the region

associated this homogeneous mixture in the EDI-
TION data structure.

ENERGY__. ... R(G+1) eV array I/, containing the energy groups limits.

BURNUP___. ..., R(P) MW d T~ 'array By, containing the burnup steps.

N/KB__ oo  RPP) Kb~! array wy, containing the fuel irradiation for the dif-
ferent burnup steps.

ISOTOPESNAME C(P3) * 12 array 1SO; containing the name of the various iso-
topes saved for this mixture.

{/BRNDIR/} Dir list of sub-directories that contain the burnup de-

pendent cross sections associated with this homo-
geneous mixture.

The following information is stored in PP°:

e P;* = (G contains the number of groups for this homogeneous mixture.

e P;’° = N; contains the number of isotopes in this mixture.
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e P, = N, contains the order of the scattering anisotropy for this mixture.

e P,?° = Np contains the number of burnup steps for this mixture.

The list of directory {/BRNDIR/} names BRNDIR will be composed according to the following FORTRAN
instructions:

WRITE (BRNDIR, ' (A8,I4)'), 'BURN ', J

for 1 < J < Np. For the example given above (Np = 2), two such directories will be generated, namely

Table 45: Example of homogeneous mixture directories

Name Type Condition Units Comment

BURN_ . .....1 Dir is the sub-directory that contains the information associ-
ated with burnup step 1.

BURN_ . .....2 Dir is the sub-directory that contains the information associ-
ated with burnup step 2.

11.3 The burnup sub-directory

A burnup sub-directory contains the following records and sub-directories:

Table 46: Contents of a burnup sub-directory in /CPO/

Name Type Condition  Units Comment

ISOTOPESDENS R(Nj) (cmb)~! array p; containing the density of each isotopes.

ISOTOPES-EFJ R(Ny) J array H; containing the energy produced per fis-
sion for each isotope.

FLUX-INTG__._ R(G) cms~! array ¢9, containing the integrated flux.

OVERV__ . ... R(@G) cm™ s array 1/v9, containing the inverse of the average
neutron velocity.

FLUXDISAFACT R(G) array I, containing the ratio of the flux in the fuel
to the flux in the cell.

{/ISOTOPE/} Dir list of /N; sub-directories that contain the isotopic
microscopic cross section for this burnup step.

The list of directory names is specified by ISODIR = ISO; for ¢ = 1 to N;. The first isotope ISODIR is named
MACR and represents an equivalent macroscopic isotope with a density of 1.0 (cm b)~!. The content

(R YR TR TR R T TR T}

of the isotopic multigroup cross section directory is described in Section 14.
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12 CONTENTS OF A /FBM/ DIRECTORY

This directory contains a burnup and local parameter dependent hierarchical reactor data base compatible with
a CANDU reactor.

12.1 The main directory

The records and sub-directories that will be found in the /FBM/ directory are:

Table 47: Main records and sub-directories in /FBM/

Name Type Condition Units Comment

SIGNATURE__, ., Cx12 parameter SIGNA containing the signature of the data
structure.

INFORMATION_, Cx72 parameter NAMDB containing the name of the database.

{/MATDIR/} Dir list of material sub-directories containing a homogeneous
material.

The signature variable for this data structure must be SIGNA=REACTOR_XSDB. The list of directory {/matdir/}
names MATDIR will be composed using the following FORTRAN instructions:

WRITE(MATDIR, " (A8,I4)"),DNAME,.J

where DNAME in provided when the CFC: module is executed and 1 < J < Nyy is the mixture number consid-
ered. If Ny = 2,and DNAME=MATH_,_, . ,,two such directory will be generated, namely

Table 48: Example of homogeneous mixture directories

Name Type Condition Units Comment

MATH, ., . 1 Dir is the sub-directory that contains the information associ-
ated with homogeneous material 1.

MATH_ . ....2 Dir is the sub-directory that contains the information associ-
ated with homogeneous material 2.

12.2 The material sub-directory

Each material directory will contain the following records and sub-directories:
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Table 49: Contents of a material sub-directory in /FBM/

Name Type Condition  Units Comment

PARAM,, .. ..o 14 array P{bm containing the various parameters as-
sociated with this mixture.

HITAB, . . ... C(PPm)x12 array ISO; containing the name of the various iso-
topes saved for this mixture.

VOLUME_, ..... R(@) cm? parameter V; containing the volume of the region

associated this homogeneous mixture in the EDI-
TION data structure.

MASS, . .. R@A) kg parameter M containing the initial mass of heavy
elements in the fuel.

ENERGY_ . . .. R(®PP™41) eV array F/; containing the energy groups limits.

BURNUP_ . ... R(PP™ MW d T~ !array Bj, containing the burnup steps.

N/KB__ . oo R(PP™) Kb~! array wy, containing the fuel irradiation for the dif-
ferent burnup steps.

JTAB_ .o L(PD™) array I; containing flags to indicate the type of
data stored in each isotopic sub-directory.

INFO-NOMINAL Dir sub-directory where the information on the nomi-
nal local parameters is stored.

{/BRNDIR/} Dir list of sub-directories that contain the burnup de-

pendent cross sections associated with this homo-
geneous mixture.

The following information is stored in P™™:

e PP™ — (4 contains the number of groups for this homogeneous mixture.
e PIP™ = N contains the number of isotopes in this mixture.

fbm
® 3

= Ny, contains the order of the scattering anisotropy for this mixture.

fbm
® Iy

= Np contains the number of burnup steps for this mixture.

The list of directory {/BRNDIR/} names BRNDIR will be composed according to the following FORTRAN
instructions:

WRITE (BRNDIR, ' (A8,I4)’), 'BURN ', J

forl < J < Np. If Np = 2, two such directories will be generated, namely BURN 1 and BURN 2

[y T TR TR R T) [ENTERTENTRNTRRTRNTEN Lo

These will contain the information associated with burnup step 1 and 2 respectively.

12.3 The information sub-directory

The information sub-directory /INFO-NOMINAL/ will contain the following records:
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Table 50: Contents of the information sub-directory of /FBM/

Name Type Condition  Units Comment

NOMINALN,_ . ., C(7)*12 an array NP; containing the name of the local and
global parameters stored in the database.

NOMINALP_ .., R(7) an array NP; containing the nominal value of the
local and global parameters stored in the database.

The local parameters currently programmed are:

e NP; =PW identifies the power parameter with P, = P the burnup power in kW/kg.

e NP; =TCOOL identifies the coolant temperature with P, = T, the coolant temperature in K.

e NP3 =TMOD identifies the moderator temperature with P3 = T;,, the moderator temperature in K.

e NP, =TFUEL identifies the fuel temperature with P, = T’ the fuel temperature in K.

e NP5 =RHOC identifies the coolant density with P = p. the coolant density in g/cc.

o NP =RHOM identifies the moderator density with Ps = p,,, the moderator density in g/cc.

e NP7 =PUR identifies the moderator purity with P; = p,,, the moderator purity in %.

12.4 The burnup sub-directory

The burnup directory contains the following records and sub-directories:

Table 51: Contents of a burnup sub-directory in /FBM/

Name Type Condition ~ Units Comment

ISOTOPESDENS R(Vp) (cmb)~? array p; containing the density of each isotopes.

DCR, . s R(N7) s1 array \; containing the radioactive decay constant
for each isotope.

FLUX-INTG__ ., R(G) cms~! array 9, containing the integrated flux.

OVERV,_, . ... R@G) cm™ s array 1/v9, containing the inverse of the average
neutron velocity.

FLUXDISAFACT R(G) array F; containing the ratio of the flux in the fuel
to the flux in the cell.

HISTORY ..., Dir a sub-directory that contains the pseudo-fissile
isotope history coefficients.

{/FBMISO/} Dir list of Ny sub-directories that contain the isotopic

microscopic cross section for this burnup step.
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The list of directory names is specified by ISODIR = ISO; for ¢ = 1 to Ny. The first isotope ISODIR is named
MACR and represents an equivalent macroscopic isotope with a density of 1.0 (cm b)~!. The content

(R TR TR R T TR}

of the isotopic multigroup cross section directory is described in Section 15.

12.5 The history sub-directory

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

Table 52: Contents of an history sub-directory /HISTORY/ in /BRNDIR/

Name Type Condition Units Comment

CHIS,_, . ....o. R (cmb)~! parameter H, containing the coolant density his-
tory.

FHIS, , s R(1) K parameter Hp containing the coolant temperature
history.

PHIL1_ ... R kW/kg parameter [ ; containing the first high power
level history.

PHIL2 . . ... R() kW/kg parameter H; 5 containing the second high power
level history.

PHIS1 . .l R(1) kW/kg parameter [, containing the first low power
level history.

PHIS2_  ...... R() kW/kg parameter Hs > containing the second low power
level history.
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13 CONTENTS OF A /HISTORY/ DIRECTORY

This data structure contains the information required to ensure a smooth coupling of DRAGON with DONJON
when a history based full reactor calculation is to be performed.

13.1 The main directory

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

Table 53: Main records and sub-directories in /HISTORY/

Name Type Condition Units Comment

SIGNATURE__, ., Cx12 parameter SIGNA containing the signature of the data
structure.

STATE-VECTOR 1(40) array S/ containing various parameters that are required
to describe this data structure.

BUNDLELENGTH R(1) cm  parameter L, containing the fuel bundle length.

NAMEGLOBAL_, , C(S})*12 array G; containing the names of the global parameters.

PARAMGLOBAL_ R(SP) array G'; containing the value of the global parameters.

NAMELOCAL_ ., C(SH)x12 array £; containing the names of the local parameters.

CELLID_ . .. ISk ShH array C; ; containing an identification number associated
with bundle 7 and channel j.

FUELID_ . .. IShSH array F; ; containing the fuel type associated with bundle
¢ and channel j.

{/FUELDIR/} Dir list of sub-directories FUEL,;_ ; that contain the properties
associated with the fuel type F; ;.

{/CELLDIR/} Dir list of sub-directories CELL; ; that contain the properties

associated with the cell C; ;.

The signature for this data structure is SIGNA=L_HISTORY, . The array S contains the following infor-

mation:

o SP =N 4 contains the number of global parameters.

e S} = N contains the number of local parameters.

e S = N, contains the number of bundles per channel.

e S = N, contains the number of channels in the core.

e S! = N, contains the number of bundle shift.

e SP = T, contains the type of depletion solution used.

e S! =T, contains the type of burnup considered.

° Sg = N7 contains the number of isotopes.
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e SI' = G contains the number of transport groups.
e SI' = N, contains the number of regions.

e S}y = Np contains the number of fuel types.

The fuel directory name FUEL, ; associated with fuel type F; ; is composed using the following FORTRAN
instruction:

WRITE (FUEL,’ (A4,18.8)‘) '"FUEL’,F};

This directory will contain the initial isotopic content of this fuel type. The cell directory name CELL; ; associated
with C; ; is composed using the following FORTRAN instruction:

WRITE (CELL,’ (A4,18.8)) 'CELL',C;;

This directory will contain the value of the local parameters associated with cell C; ; as well as the current isotopic
content of this cell.

The identification number C} ; associated with channel j and bundle 7 can be seen as the serial number of the
bundle located at a position in space identified by (4, j). It is automatically managed by the HST : module.®! For a
fresh core C; ; = n where n represents the cell order definition in the input file. Upon refueling, some bundles in
channel k of the core are displaced from region (I, k) to (m, k), new bundles are introduced at location (I, k) and
old bundles removed from location (1, k). If one assumes that CNEW and COLP represents the value of C after
and before refueling then we will have:

NEW __ ~OLD
Cox =Cry

NEW _ ~FRESH
Cow” =Cnk

where CSJ}ESH represent a fresh fuel cell. The local parameters and burnup power density of the fuel cell previ-
ously located at (m, k) are preserved and the fresh fuel isotopic densities is that provided in F};, i, the fuel type
associated with C,FSH.

13.2 The Fuel Type Sub-directory

Each fuel sub-directory FUEL; ; contains the following information

Table 54: Fuel type sub-directory

Name Type Condition  Units Comment

FUELDEN-INIT R(2) array containing the initial density of heavy ele-
ment in the fuel py in g/cm® and the initial linear
density of heavy element in the fuel m in g/cm..

ISOTOPESNAME C([Ny)*12 array containing the name of isotopes used in this
fuel type.
ISOTOPESMIXT I(Ny) array containing the mixture associated with each

isotopes in this fuel type.
ISOTOPESDENS R(Nj) (cmb)~! array p; containing the density of each isotopes.
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13.3 The Cell Type Sub-directory
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Each cell isotopic sub-directory CELL; ; contains the following information

Table 55: Cell sub-directory

Name

Type Condition  Units

Comment

FUELDEN-INIT

PARAMLOCALBR

PARAMLOCALAR

PARAMBURNTBR

PARAMBURNTAR

DEPL-PARAM__

ISOTOPESDENS

R(2)

R(V))
R(Vy)

R(2)

R(2)

R(3)

R(N}) (cmb)~!

array containing the initial density of heavy ele-
ment in the fuel py in g/cm® and the initial linear
density of heavy element in the fuel m in g/cm..
array VP containing the value of the local param-
eters before refueling.

array VZA containing the value of the local param-
eters after refueling.

array containing the depletion time 72 in days
and the burnup power rate PP in kW/kg before
refueling.

array containing the depletion time 7 in days
and the burnup power rate P4 in kW/kg after re-
fueling.

array containing the time step 7' in days, the bur-
nup B in kWd/kg and the irradiation w in n/kb
currently reached by the fuel in this cell.

array p; containing the density of each isotopes.
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14 CONTENTS OF AN /ISOTOPE/ DIRECTORY

Each isotope directory contains a cross section identifier record that 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 order
L in Legendre polynomial, this record has the form:

Table 56: Isotopic cross section identifier record

Name Type Condition  Units Comment

XS-SAVED,_, .., I21+1L) array ry, that is used to identify the various type of
cross sections saved for this isotope.

The first 20 components of rj, indicate the presence of different vector reaction cross section records while
the last L 4+ 1 components refer to information pertaining to the scattering matrix. Because we can also use this
isotopic directory to store time dependent cross sections in the form of a power series expansion:

I
vi(t) = vl t (14.1)

=0

we must be able to specify explicitly presence of these various terms using xy. The presence of the record v{ ; in
this directory is ensured if the condition

K

Fi(kx) = mod( 5

2) =1

is satisfied. We will describe later in this section how the different terms v{ ; are stored for ¢ = 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 I permitted for each isotope is specified by IN,, as defined in Section 4.1.

Table 57: Vector reaction records

Name Type Condition Units Comment

TOTAL,_ . ... R(G) Fy(k)=1 b array 09 containing the multigroup total cross sec-
tion.

TRANC__ . ... R(G) Fy(ka)=1 b array o7, containing the multigroup transport cor-
rection cross section.

NUSIGF_ .. ... R(G) Fy(k3)=1 b array vof containing the product of o7, the multi-

group fission cross section with 19, the averaged
number of neutron produced per fission.

NFTOT_ .. ... R(G) Fy(ksy)=1 b array a? containing the multigroup fission cross
section.

continued on next page
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continued from last page

Name Type Condition Units Comment

CHI_ . ..o R(G) Fy(rs) =1 array X9 containing the multigroup energy spec-
trum of the neutron emitted by fission.

NU__ i, R(G)  Fy(rg) =1 array 9 containing the multigroup averaged num-
ber of neutron produced per fission.

NG__ .o R(@G) Fy(k7)=1 b array ¢¢ containing the multigroup neutron cap-
ture cross section.

NHEAT, . ..., R(G) Fy(skg)=1 MeVb array H{ containing the product of o'%, the multi-
group fission cross section with 9, the averaged
energy emitted per fission, H O’?.

N2N__ . . ..o R(G) Fy(ke)=1 b array a(gn ) containing the multigroup cross sec-
tion for the reaction éX +n —>§_1 X + 2n.

N3N__ . . ...ooe. R(@G) Fy(kip)=1 b array U?n,Sn) containing the multigroup cross sec-
tion for the reaction éX +n —>§_2 X + 3n.

N4N__ . . ... R(@G) Fy(ki1)=1 b array 0?n74n) containing the multigroup cross sec-
tion for the reaction X +n —45 ° X + 4n.

NP . . . R(G) Fy(ki2)=1 Db array U(gn ») containing the multigroup cross sec-
tion for the reaction 2X +n —4_; X +p.

NA s R(@G) Fy(kiz)=1 b array af’n?a) containing the multigroup cross sec-
tion for the reaction X +n —5 "5 X + o .

GOLD_, . . ....... R(G) Fo(kia) =1 array A9 containing the multigroup Goldstein-
Cohen parameters.

ABS_ . . ....... R(@G) Fy(ki5)=1 b array o9 containing the multigroup absorption
cross section.

NWTO_ . ..... R(G) Fo(kig) =1 sltem™ array ¢9, containing the multigroup weighted neu-
tron flux spectrum.

STRD_. . ......... R(G) Fy(ki7)=1 b array of. containing the multigroup transport
cross section homogenized over all directions.

STRD_X_. ... R(G) Fo(kis)=1 b array o}, , containing the X directed multigroup
transport cross section.

STRD_ Y, . ... R(G) Fy(kig)=1 b array crtgrjy containing the Y directed multigroup
transport cross section.

STRD_Z_...... R(G) Fo(ko)=1 b array atgm containing the Z directed multigroup
transport cross section.

Note that the last three characters of each of the records above correspond to the extension EXT="___ ' that
is associated with term ¢ = 0 in the power series expansion for the cross sections (see Eq. (14.1)). Fori = 1,2,
the extension takes successively the value EXT="LIN’ and EXT='QUA". For example, if one considers the total
cross section and assumes that F;(x1) = 1 for i = 0, 2, then this implies the presence of the following additional
records in the /ISOTOPE/:
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Table 58: Additional total cross section records for / = 2

Name Type Condition Units Comment

TOTAL_, ., LIN R(G) d='b array vfl = Ao containing the first order
coefficients in the power series expansion
for the multigroup total cross section.

TOTAL_ .. QUA R(G) d=%b array v{ , = A%¢Y containing the second
order coefficients in the power series ex-
pansion for the multigroup total cross sec-
tion.

The multigroup scattering cross section matrix gives the probability for a neutron in group h to appear in group
g after a collision with this isotope. It is represented by the form:

L l
R B0 =3 Y @ o
=0 =0 m=—1

using a spherical harmonic series expansion to order L. Assuming these spherical harmonic are orthonormalized,
namely:

QY™ Q)Y
47

(ﬁ) = 5m,m’5l,l’
we can define al}Hg in terms of o9 (Q - ) using the following integral:
o= — / 20am=9(5 — 3Py (S - )
4T

Note that this definition of Ul}Hg is not unique and some authors include the factor 2/ + 1 directly in the different
angular moments of the scattering cross section.

Here, instead of storing directly these G x GG matrices on the data structure, a compressed storage format will
be considered. This choice is justified by the fact that the number of energy groups for which scattering to a
specific group does not vanish is generally relatively small compared to the total number of groups in the library.
Moreover, the groups with non-zero scattering cross sections are generally clustered around the final energy group.
In order to define our compressed storage format we need two different integer indices nj and hj for each order
in the scattering cross section and for each final energy group g. These 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 group g does not vanishes. Accordingly, for a scattering cross
section of the form:

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

h=1 al an 0 0
h=2 0 as ay as
h=3 0 ag ar 0
h=4 0 asg 0 ag
hd 1 4 3 4
ng 1 4 2 3
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The compress scattering matrix will then contain the following information:

o Al —1 hl—1—1 hl—ni+1—1 hZ2 2 hG—ng+1—>G
0176—(01 , 0] NN ! , 0 ey Oy

which for the example above leads to
o1, = (a1, as, ag, as, az, ar, a4, ag, 0, as)

h .
As aresult ;' ? can be reconstructed using

0 ifh>hf
079 =%0  ifh<hf—nf+1
k  otherwise

Ul,c

where we have used:

g—1
k=Y nf+hf—h+1
h=1

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

G

h __ h—g
Ols = § :Ul

g=1

In the case where only the order [ = 0 moment of scattering cross section is non zero (isotropic scattering) the
following records can be found on /ISOTOPE/.

Table 59: Scattering cross section records

Name Type Condition Units Comment

SIGS00_ ..... R@G Fo(ka1)=1 b array O'g,s containing the isotropic component
(I = 0) of the multigroup total scattering cross
section.

IJJsS00_ . ... UG Fo(kar) =1 array h{ containing the highest energy group num-

ber for which the isotropic component of the scat-
tering cross section to group g does not vanish.
I(G) Fo(kar) =1 array nj containing the number of energy groups
for which the isotropic component of the scatter-
ing cross section to group g does not vanish.
SCATO0,, ... R(z:?:1 ng) Fo(ke1) =1 b array a(’)“,c containing the compressed isotropic
component of the scattering matrix.

NJJs00

[N TR TR

In fact, crlg " hlg s nf’ and Ul’fc for [ < L will be stored respectively on records with names SIGS, 1JJ, NJJ and
SIGS created using:

WRITE(SIGS, ' (A4,I2.2,3X,A3)"), 'SIGS’,l,EXT
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WRITE(1JJS, ' (A4,I2.2,3X,A3)"), 'IJJ3S’',l,EXT
WRITE(NJJS, " (A4,12.2,3X,A3)’), 'NJJIS’,l,EXT
WRITE (SCAT, ' (A4,I2.2,3X,A3)’), 'SCAT’,l,EXT

provided that

Fo(koiy) =1

is satisfied. Here EXT is again the extension associated with term 7 in the power series expansion for the cross
sections (see Eq. (14.1)).

Note that most of these cross sections are not required to perform a cell calculation in DRAGON. In fact,
transport calculations only use o9, o7, Vaji, Y and the isotropic and linearly anisotropic scattering matrix. 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 required: o?, od, 0(9717271), oé’n,gn),

g g
T(nan)> 7 (np)’
be processed.

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

o9

(n,a)" Finally, when editing isotopic cross sections, all the cross sections types in the library will

9 — 49 _ 59

o, =0 Ote
9—9 _ 9—39 g
Oco” =00 — Otc

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

o}, = (3D})
o= (3D
Utgr,y = (3Dg)_1
of,.= (3D

where the diffusion coefficients are computed in the editing. If a transport calculation without leakage is performed
in DRAGON, an approximate diffusion coefficients given by

1

D= ——
4 3(09 - Ui],s)

will be used to compute o7,
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15 CONTENTS OF A /ISOFBM/ DIRECTORY

Most of the records found in an /ISOTOPE/ directory now becomes sub-directories in a /ISOFBM/ directory.

Table 60: Isotopic vector reaction sub-directory

Name Type Condition Units Comment
TOTAL_ ., ..., Dir the multigroup total cross section sub-directory.
NUSIGF_ . ... Dir the sub-directory where the product of a?, the

multigroup fission cross section with v, the av-
eraged number of neutron produced per fission is

stored.

NFTOT_ . ...., Dir the multigroup fission cross section sub-directory.

CHI_ . ........ Dir the sub-directory where the multigroup energy
spectrum of the neutron emitted by fission is
stored.

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

H-FACTORS,_ ., Dir the sub-directory containing the product of

the macroscopic and microscopic fission cross-
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 14. The main difference here is that SCAT_0_, ., .. and SCAT_1__ ..., now represent sub-directories
rather than records. We will therefore have:

Table 61: Scattering records and sub-directories

Name Type Condition Units Comment

I3 .0 . . i LG array h{ containing the highest energy group num-
ber for which the isotropic component of the scat-
tering cross section to group g does not vanish.

NJIT 0., . e UG array nj containing the number of energy groups
for which the isotropic component of the scatter-
ing cross section to group g does not vanish.

SCAT_O0_ . .... Dir the sub-directory containing the compressed
isotropic component of the scattering matrix.

continued on next page
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continued from last page

Name Type Condition Units

Comment

1371 (G) Ps3>1

[ e W TR TR TR TR

NJJ_ 1 (G) Ps>1

[ R W TR VI TR TR TR TN

SCAT 1 Dir Ps>1

[ e TN VI I T T

array hi containing the highest energy group num-
ber for which the linearly anisotropic component
of the scattering cross section to group g does not
vanish.

array n{ containing the number of energy groups
for which the linearly anisotropic component of
the scattering cross section to group g does not
vanish.

the sub-directory containing the compressed lin-
early anisotropic component of the scattering ma-
trix.

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

Table 62: Cross section sub-directories

Name Type Condition  Units Comment

REF R(NV.) array containing the reference cross sections.

DIC_ i R(N3) array containing the first order coolant density
feedback coefficients.

D2C_ e R(V,) array containing the second order coolant density
feedback coefficients.

DIM i R(NV,) array containing the first order moderator density
feedback coefficients.

D2M, s R(NV.) array containing the second order moderator den-
sity feedback coefficients.

TIC Lo R(N) array containing the first order coolant tempera-
ture feedback coefficients.

T2C R(N3) array containing the second order coolant temper-
ature feedback coefficients.

TIM s R(N3) array containing the first order moderator temper-
ature feedback coefficients.

T2M, s R(N,) array containing the second order moderator tem-
perature feedback coefficients.

T1F e R(N3) array containing the first order fuel temperature
feedback coefficients.

T2F s R(V,) array containing the second order fuel temperature
feedback coefficients.

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

Name Type Condition  Units Comment

BOR, ., s R(NV,) array containing the boron concentration feedback
coefficients.

NP239. . . ..., R(N,) array containing the 23Np concentration feed-
back coefficients.

SM149_, . . ... R(N,) array containing the #Sm concentration feed-
back coefficients.

XEN, R(N,) array containing the '3°Xe concentration feedback
coefficients.

FPCl,_, . s R(V,) array containing the first order pseudo-fissile iso-
tope concentration feedback coefficients.

FPC2,, s R(NV.) array containing the second order pseudo-fissile
isotope concentration feedback coefficients.

MIXFD,_, . . ..o ROVR) array containing the mixed density/temperature

feedback coefficients for coolant.

Note that in the above N, = GG when vector cross sections are considered while IV, = 25:1 n{ for scattering
cross sections.
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