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SUMMARY

This technical report contains the logical contents of the data structures used by the reactor physics
codes DRAGON and TRIVAC Version5. These data structures are basically memory-resident associative
tables that may contain inner structures made of associative tables and/or heterogeneous lists. These data

structures are implemented using the LCM/XSM Application Programming Interface (API) described in
the technical report IGE-232.
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1 Contents of a /macrolib/ directory

A /macrolib/ directory always contains the set of macroscopic multigroup cross sections associated
with a set of mixtures. The structure of this directory, is quite different to that associated with an
/isotope/ directory (see Section 2.9). First, it is multi-level, namely, it contains sub-directories. Moreover
instead of having one directory per mixture which contains the associated multigroup cross section, one
will have one directory component per group containing multi-mixture information. Finally its contents
will vary depending on the operator which was used to create it. Here for convenience we will define the
variable M to identify the creation operator:

0 if the directory is created by the MAC: operator

if the directory is created by the LIB: or EVO: operator

if the directory is created by the EDI: operator

if the directory is created by the OUT: operator or by an interpolation operator

M:

W N =

In the case where the LIB: or EDI: operator is used to create this directory, it is embedded as a
subdirectory in a /microlib/ or an /edition/ directory. For the other cases, it appears on the root level
of the MACROLIB data structure.

1.1 State vector content for the /macrolib/ data structure

The dimensioning parameters for the /macrolib/ data structure, which are stored in the state vector
SM | represent:

e The number of energy groups G = SM
e The number of mixtures N,, = S

e The order for the scattering anisotropy L = S (L = 1 is an isotropic collision; L = 2 is a linearly
anisotropic collision, etc.)

e The maximum number of fissile isotopes in a mixture Ny = S/
e The number of additional ¢—weighted editing cross sections N, = SM

e The transport correction option Iy, = S

do not use a transport correction

use an APOLLO-type transport correction (micro-reversibility at all energies)
recover a transport correction from the cross-section library

use a leakage correction based on NTOT1 data.

Itr =

=N = O

e The number of precursor groups for delayed neutron Ny = SM
e The number of physical albedo Ny = S

e The type of leakage I; = S}’

0 no diffusion/leakage coefficient available
I; =< 1 isotropic diffusion/leakage coefficient available
2 anisotropic diffusion/leakage coefficient available.

e The maximum Legendre order of the weighting functions I,, = S
0 wuse the flux as weighting function for all cross sections

I, = 1 use the fundamental current J as weighting function for scattering cross sections with
order > 1 and compute both ¢— and J—weighted total cross sections.
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e The number of delta cross section sets Isep = S17 used for generalized perturbation theory (GPT)
or kinetics calculations:

I _J 0 no delta cross section sets
st 1 > (0 number of delta cross section sets.

Discontinuity factor flag Iy = S4:

no discontinuity factor information

multigroup boundary current information is available

boundary flux information (see Section 1.4) is available

discontinuity factor information (see Section 1.4) is available

matrix (G x @) discontinuity factor information (see Section 1.4) is available.

&
Il
B W~ O

Adjoint macrolib flag I,q; = S

.= 0 direct macrolib
adi = 1 adjoint macrolib.

SPH-information Iy,, = SM:

ja— 0 no SPH information available
sPh =1 1 SPH information is available.

Type of weighting in EDI: module I,;, = Si%:

ja 0 wuse a flux weighting
P 71 1 use an adjoint—direct (a.k.a., product) flux weighting. Only available if M > 2

Group form factor index Iyg = SM.

j 0 no group form factor information
eff >0 number of form factors per mixture and per energy group (see Section 1.5).

Number of companion particles in coupled sets Ipare = Si%:

0 the macrolib doesn’t include coupled sets
Ipart = . .
> (0 number of companion particles.

1.2 The main /macrolib/ directory

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

Table 1: Main records and sub-directories in /macrolib/

Name Type Condition Units Comment

SIGNATURE ,, Cx12 Signature of the /macrolib/ data structure
(SIGNA =L_MACROLIB_,).

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

3

continued from last page

Name Type Condition Units Comment

STATE-VECTOR I(40) Vector describing the various parameters associated
with this data structure SM, as defined in Sec-
tion 1.1.

ADDXSNAME-PO C(N.) % 8 N, >1 Names of the additional ¢—weighted editing cross sec-
tions (ADDXSy). These names should not appear in
Tables 2 and 5.

FISSIONINDEX I(NV,, Ny) Ny>1, M=1 For each mixture 7 contains the index of each fis-
sile isotope j. The index is pointing to a component
of record ISOTOPESUSED or ISOTOPERNAME of /mi-
crolib/.

ENERGY_ uuww R(G+1) M>1 eV Energy group limits E,

DELTAU uuuuu  R(G) M>1 Lethargy width of each group Uy

ALBEDO L uuu  R(Na, G) Nag>0 Multigroup and surface ordered physical albedos.
The dimension is R(N4, G, G) in case where matrix
albedos are used.

VOLUMEL Luun R(Nm) M >2 cm? Volume of region containing each mixture V,,

MIXTURESDENS R(N,,) M=1 g/cm® Volumetric mass density of each mixture py,

FLUXDISAFACT R(G) M=2 Ratio of the flux in the fuel to the flux in the cell F,
after homogenization

LAMBDA-D i  R(Ng, N f) Ng>1 g1 Radioactive decay constants of each delayed neutron
precursor group, for each fissile isotope.

BETA-Duuuuun  R(Ng, N f) Ng>1 Delayed-neutron fraction for each delayed neutron
precursor group, for each fissile isotope.

K-EFFECTIVE, R(1) Ny>1 Effective multiplication constant keg

K-INFINITY,, R(1) Ny>1 Infinite multiplication constant k.

B2, B1HOM, ., R(1) I >1 cm~2 Homogeneous Buckling Bhom

B2, HETE Luu  R(3) I, = em~?  Directional Buckling B;

TIMESTAMP, ., R(3) M=1 A vector T} containing three elements. The first ele-
ment 77 =t is the time in days, the second element
Ty = B is the burnup in MW day T~! and the third
element 75 = w is the irradiation in Kb~!

GROUP_Luuuu  Dir(G) List of energy-group sub-directories. Each compo-
nent of the list is a directory containing the ref-
erence macroscopic cross-section information associ-
ated with a specific secondary group.

PARTICLE . Cx1 Tpare > 1 Character name of the particle associated to the
macrolib. Usual names for particles are N (neutrons),
G (photons), B (electrons), C (positrons) and P (pro-
tons).

PARTICLE-NAM C(Ipart +1)%1  Ipar >1 Character name associated to each particle.

PARTICLE-NGR I(lpart + 1) Tpare > 1 Number of energy groups associated to each particle.

PARTICLE-MC2 R(Ipart + 1) Tpary >1 eV Rest energy associated to each particle.

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

4

continued from last page

Name Condition

Type

Units

Comment

{/penergy/} R(G; +1) Ipary > 1

{/grpdir/} Dir(G) Tpary > 1

STEPLuuuuLLL Dir(Istcp) Istcp >1

Iy > 1
Tog > 1

ADFL uuuuuon Dir
GFFLLLuuuuwn  Dir

SPHLLuuuwun Dir Igpn =1

eV

Set of arrays containing energy groups limits for a
companion particle. The character name of each
sub-directory is the concatenation of the character®1
name of the particle with “ENERGY”. For example,
GENERGY contains the energy mesh of secondary pho-
tons (G; + 1 values).

List of energy-group sub-directories. Each compo-
nent of the list is a directory containing scattering
transition cross-section information associated with
a specific secondary group. The directory {/grpdir/}
name is the concatenation of GROUP- with the char-
acter®6 name of the companion particle responsible
for scattering transitions.

List of GPT or kinetics perturbation sub-directories.
Each component of this list contains a single list
of energy-group sub-directories following the GROUP
specification. This GROUP list contains variations or
derivatives of the reference cross-section set.
ADF-related information as presented in Section 1.4.
Group form factor information as presented in Sec-
tion 1.5.

SPH-related input data as presented in Section 1.6.

1.3 The group sub-directory GROUP in /macrolib/

Each component of the list GROUP is a directory containing cross-section information corresponding
to a single energy group. Inside each groupwise directory, the following records associated with vectorial

cross sections will be found:

Table 2: Vectorial cross section records and directories in GROUP

Name Type Condition Units Comment

NTOTOLLuwuw  R(Nm) em™! The ¢—weighted total cross section E&m

NTOT1 uuouon  R(Nm) M=2;1,>1 cm ™! The J-weighted total cross section Eéll,m

TRANC Luuuw R(Nm) Ly =2 cm ™! The transport correction Efcﬂm

FIXEL uuouuw  R(Nm) em3s~! Fixed sources SY,.

NUSIGFLuuuuun  R(Nm, Ny) Nyp>1 cm ™! The product of E? m» the fission cross section
with 1559 the steady-state number of neutron
produced per fission, v¥%

CHI Luuuuuun  R(Nm, Ny) Ny >1 The steady-state energy spectrum of the neu-
tron emitted by fission 59

continued on next page
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Vectorial cross section records and directories in GROUP continued from last page
Name Type Condition Units Comment
{nusid} R(Ny,Ny) Ng>1 em ™! The product of X4 . the fission cross sec-

g

tion with 29, the averaged number of fission—

emitted deﬁ;;éd neutron produced in the pre-
cursor group /, VZfD)’gM
{chid} R(Npm,Ny) Ng>1 The energy spectrum of the fission-emitted
delayed neutron in the precursor group ¢, X,I,){%
FLUX-INTG L, R(Nm) M>2 cm st The volume-integrated flux ®, )
FLUX-INTG-P1 R(N,,) M>2, 1,>1 cm s~ ! The volume-integrated fundamental current
T8
COURX-INTGL, R(Nnm) M>2: Linter =1 cms™? The volume-integrated net current along the

X-axis Jy,,. Only provided with SN and
MOC discretizations.

COURY-INTG,, R(N.) M>2 Lpewr =1 cms™! The volume-integrated net current along the
Y-axis Jy . Only provided with SN and
MOC 2D and 3D discretizations.

COURZ-INTG,, R(N.) M>2: Lipewr =1 cms™? The volume-integrated net current along the
Z-axis Jj ,, Only provided with SN and MOC
3D discretizations.

NWATO Luwuw  R(Nm) Ipwo =1 1 The multigroup neutron adjoint flux spectrum
o1t

NWAT1 Looouw R(Nm) I, > 15 Inyo =1 1 The multigroup fundamental adjoint current
spectrum 7,9

OVERVLLLuuuw  R(NVi) cm™ s The average of the inverse neutron velocity
<1/v>9,

DIFF Luiuuun  R(Nm) I, =1 cm The isotropic diffusion coefficient DY,

DIFFXLuuuun  R(Nm) I, =2 cm The z-directed diffusion coefficient DY ,,

DIFFY uuouuu  R(Nm) L =2 cm The y-directed diffusion coefficient D

DIFFZ uuuuwu  R(Nm) L =2 cm The z-directed diffusion coefficient DY ,,

NSPHL Luwwuw R(Nm) M=2 1 SPH equivalence factors p9,. By default, these

factors are set equal to 1.0. Otherwise, all
the cross sections, diffusion coefficients and in-
tegrated fluxes stored on the MACROLIB are
SPH-corrected.

H-FACTOR_ Ly R(Nm) M=2 Jem™! Energy production coefficients HY, (product of
each macroscopic cross section times the en-
ergy emitted by this reaction).

ESTOPW Luuuy  R(Nm, 2) * MeV ecm~! Initial and final stopping power. Information
provided if PARTICLE=B, C or P.

EMOMTR uuun R(Nm) * cm™! Restricted momentum transfer cross section.
Information provided if PARTICLE=B, C or P.

C-FACTOR_LLu R(Nm) * electron cm~'Charge deposition cross section. Information
provided if PARTICLE=B, C or P.

{/xsname/} R(Np,) Ne>1 cm ™! Set of cross section records specified by

ADDXSy,
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The set of delayed neutron records {nusid} and {chid} will be composed, using the following FOR-
TRAN instructions, as NUSID and CHID, respectively

WRITE(NUSID,  (A6,12.2)") 'NUSIGF’, ell

WRITE(CHID, (A3,12.2)") 'CHI’, ell

for 1 < ell < Ngy. For example, in the case where two group cross sections are considered (Ny = 2), the
following records would be generated:

Table 3: Example of delayed—neutron records in GROUP

Name Type Condition Units Comment
NUSIGFOluuuu R(Nm,Ny) Ng>1 cm~! The product of E“}_m, the fission cross section with
I/r?l:‘({, the averaged number of fission—emitted delayed
neu];cron produced in the precursor group ¢ = 1,
vy j»7ﬂ71
CHIOl uuuuuu R(Nm,Nyp) Ng>1 The energy spectrum of the fission—emitted delayed
’ ; D,
neutron in the precursor group ¢ =1, me{
NUSIGFO2,,,, R(Np, N Ng>2 cm~' The product of % | the fission cross section with
f fim
Vﬁig, the averaged number of fission—emitted delayed
nethron produced in the precursor group ¢ = 2,
vy j»7ﬂ72
CHIO2Luuuuun  R(Np, Np)  Ng > 2 The energy spectrum of the fission—emitted delayed
neutron in the precursor group ¢ = 2, XB{,%

In the case where N, = 3 and

ADDXS,, =

NG for k=1
N2N for k=2
NFTOT for k=3

the following reactions will be available in the data structure described in Table 2:

Table 4: Additional cross section records

Name Type Condition  Units Comment

NGuLLuuuuuuy R(Nm) cm™! The neutron capture cross section ¥¢ ,,

N2NLouoouun R(Nm) cm ! The cross section Eiln,Qn),m for the reaction
AX+n—=y ' X +2n

NFTOT Luowuw  R(Nm) em ™! The neutron fission cross section Xf




IGE-351 7

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:

L A+1. .
S o ) = 3 2R )8 = Z Z ¥ ()Y (@2
=0 =0 m=-—1

using a series expansion to order L in spherical harmonic. Assuming that the spherical harmonic are
orthonormalized, we can define Efzq in terms of $"7:9(Q — Q') using the following integral:

s = / 0 Bh9(G  GYP(G - )
) 47

Note that this definition of E 7 is not unique and some authors include the factor 21 + 1 directly in the
different angular moments of the scattering cross section.

Here instead of storing the G x M matrix E 9 associated with each final energy group g, a vector
which contains a compress form of the scatterlng matrix will be considered. We will first define three
integer vectors nj m hq and p{ = for order [ in the scattering cross section, final energy group g and
mixture m. They will contaln respectively the number of initial energy groups h for which the scattering
cross section to group g does not vanish, the maximum energy group index for which scattering to the
final group ¢ does not vanishes and the position in the compressed scattering vector where the data
associated with mixture m for each energy group ¢ can be found. Here pl m is directly related to nl by

k=1

g 137 47 46 45|
S 12t 44 43 42 41 @
2111 40 39 38 37 36 35 34 33 3
S 104 32 31 30 20 28 279
S o9t 2 25 24 23 5
g 22 21 20 19 18

74 17 16

6+ 15 14 13 12

5+ 11 10

41 9 8 7

346 5 4

243 2

144

1 2 3 4 5 6 7 8 9 10 11 12 13

primary group

Jh: 1+ 2 3 4 5 6 7 10 11 13 12 12 13
NJ: 1 2 3 83 2 4 2 5 4 6 8 4 3

Figure 1: Numbering of scattering elements in >SCAT’ matrices.

Now consider the following 4 groups isotropic scattering cross section matrix associated with mixture
1 and 2 (N,, = 2) respectively:
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Mixture m =1 Mixture m = 2
h = aq as 0 0 bl b2 0 0
h = 0 as a4 as b3 b4 b5 0
h=3 0 ae ar 0 0 bs b7 0
h=4 0 as 0 ag 0 0 bg bg
hg,m 1 4 3 4 2 3 4 4
nd, |1 4 2 3 2 3 3 1
w1 1 1 1 2 5 3 4

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

E(luc . = (a1,b3,b1)

E(QJ,k,c = (as,as,as,az,bs, bs, ba)
Soke = (a7, a4,bs,b7,bs)
Soke = (ag,0,as,bo)

Finally, we will also save the total scattering cross section vector of order [ which is defined as
G
! o g—h
Sins = D Eim
h=1

and the diagonal element of the scattering matrix:

E!]

—_ Y9—g
lmaw El.,m

In the case where only the order [ = 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 5: Scattering cross section records in GROUP

Name Type Condition Units Comment

SIGS00LLuLLy  R(Nm) em~!  The isotropic component (I = 0) of the total
scattering cross section Zg_m,s

SIGWOOLLuLLy  R(Nm) cm~!  The isotropic component (l = 0) of the within
group scattering cross section E&m,w

13JS00uuuun (Vo) Highest energy group number for which the

isotropic component of the scattering cross
section to group g does not vanish, h{ .

NJJISOO0 L I(Np) Number of energy groups for which the
isotropic component of the scattering cross
section to group g does not vanish, ng .

IPOSOOuLLuy (Vo) Location in the isotropic compressed scatter-
ing matrix where information associated with
mixture m begins pf ,,

SCATOO L R(ZN”” nd ) cm~ ! Compressed isotropic component of the scat-
tering matrix X7 ;

continued on next page
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Scattering cross section records in GROUP continued from last page

Name Type Condition Units Comment

SIGSOlLuuuu  R(Nm) L>1 cm™!  The linearly anisotropic component of the to-
tal scattering cross section Eim,s

SIGWOl L R(Nm) L>1 cm~! The linearly anisotropic component of the
within group scattering cross section %{

133S01uuuun (V) L>1 Highest energy group number for which the

linearly anisotropic component of the scatter-
ing cross section to group ¢ does not vanish,
i m

NJJISO1 uuuy  I(Nm) L>1 Number of energy groups for which the lin-
early anisotropic component of the scattering
cross section to group g does not vanish, nﬁ’ym

IPOSOl iy (V) L>1 Location in the linearly anisotropic com-
pressed scattering matrix where information
associated with mixture m begins p{ ,,

SCATO1 L R(Zgil n“{,m) L>1 cm ™! Compressed linearly anisotropic component of
the scattering matrix 37 ; |

1.4 The /ADF/ sub-directory in /macrolib/

Sub-directory containing boundary-related edition information. This information can be boundary
fluxes, discontinuity factors or assembly discontinuity factors (ADF). Boundary fluxes can be used to

compute discontinuity factors or to perform Selengut-type normalization with the superhomogénéisation
(SPH) method.

Table 6: Records in the /ADF/ sub-directory

Name Type Condition  Units Comment
NTYPE Loouow  I(1) Tas > 2 Number of ADF-type boundary edits.
HADF uuuuwn  C(NTYPE)x8  Igp > 2 Name of each ADF-type boundary flux or discon-

tinuity factor edit. Any name can be used, but
some names are standard. Standard names are:
= FD_C: corner flux edition; = FD_B: surface (as-
sembly gap) flux edition; = FD_H: row flux edition
(these are the first row of surrounding cells in the
assembly).

ALBSOO,uuuuu  R(G,2) Iy =1 Multigroup boundary currents JZ, and JJ.
These values correspond to surfaces where a VOID
or ALBE boundary condition is set in DRAGON.

AVG FLUX Ly RNV, G) Ty =2 Averaged fluxes in the complete assembly. Used
as denominator to compute the ADF in an homo-
geneous assembly.

continued on next page
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Records in the /ADF/ sub-directory
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continued from last page

Name Type Condition Units Comment

{/type/} R(Np, G) Iis =2, 3 Averaged surfacic fluxes (Igs = 2) or discontinu-
ity factors (Iqs = 3) in a material mixture. Name
type is a component of HADF array.

{/type/} R(N,,G,G) Iy =4 Matrix discontinuity factors in a material mix-

ture. Name type is a component of HADF array.

1.5 The /GFF/ sub-directory in /macrolib/

Sub-directory containing group form factor information. This information can be used to perform

fine power reconstruction over a fuel assembly.

Table 7: Records in the /GFF/ sub-directory

Name Type Condition Units  Comment

GFF-GEOM_, Dir Macro—geometry directory. This geometry corre-
sponds to an unfolded fuel assembly and is com-
patible for a discretization with TRIVAC. This di-
rectory follows the specification presented in Sec-
tion 3.2.

VOLUME uuuuw  R(NVm, Ies) cm? Volumes of homogenized cells V,,

NWTOLLuLLuuL RN, I, G) s~ 'cm~2The multigroup neutron flux spectrum o9,

H-FACTORLLuu  R(Nm, Ienr, G) J cm™! Energy production coefficients HY, (product of
each macroscopic cross section times the energy
emitted by this reaction).

NFTOTuuuuuun RN, I, G) cm~!  The neutron fission cross section E?,m

FINF_NUMBER, I(Nig) Array containing the Nig i fz indices used by the
user every time the multicompo were “enriched”
with different options.

{/FINF/} R(Np, I, G) s~lem~2The diffusion multigroup neutron flux spectrum

in an infinite domain z/Jf,;?;. See NAP: module de-
scription in IGE344 user guide for details.

The set of diffusion multigroup neutron flux spectrum records {/FINF/} will be composed, using the
following FORTRAN instructions as HVECT,

WRITE(HVECT, (SHFINF_, 13.3)') "ifx’

where ifx is a value chosen by the user (default value is 0). A different value can be chosen every time the
multicompo are “enriched” with different options (homogeneous/heterogeneous, tracking options, etc.).
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1.6 The /SPH/ sub-directory in /macrolib/

The first level of the macrolib directory may contains a superhomogénéisation (SPH) sub-directory
/SPH/ containing input data:

Table 8: Records in the /SPH/ sub-directory

Name Type Condition Units Comment

STATE-VECTOR 1(40) Vector describing the various parameters associ-
ated with this data structure S,

SPH$TRK Ly Cx12 STPh > 2 Name of the flux solution door.

SPH-EPSILON, R(1) STPh >2 1 Convergence criterion for stopping the SPH iter-
ations.

The dimensioning parameters for this data structure, which are stored in the state vector SSPP,
represent values related to the last editing step:

e Type of SPH equivalence factors: Iiype = S;P"

0 no SPH correction;

the SPH factors are read from LCM;

j - homogeneous macro-calculation (non-iterative procedure or Hébert-Benoist
type ™ SPH-5 procedure);

any type of P;; macro-calculation;

any type of diffusion, S,,, P, or SP, macro-calculation.

N =

=~ W

e Type of SPH equivalence normalization Iomm = S;ph

o

asymptotic normalization with respect to homoheneous mixture — I,orm;
average flux normalization;

Selengut normalization using ALBSO0 information;

Selengut normalization using FD_B boundary fluxes;

Generalized Selengut normalization (EDF-type);

Selengut normalization with surface leakage;

Selengut normalization with water gap normalization;

average flux normalization in fissile zones.

Inorm =

N O O W N = A

e The maximum number of SPH iterations S5

e The acceptable number of SPH iterations with an increase in convergence error before aborting
Syt

e Flag for forcing the production of a macrolib or microlib at LHS Ijs = S;ph

produce an object of the type of the RHS;
produce an edition object;

produce a microlib;

produce a macrolib.

I =

W N = O
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e Type of SPH factors [y = S;ph

1 factors compatible with diffusion theory, P, and SP, equations
Lime =< 2 factors compatible with other types of transport-theory macro-calculations
3 factors compatible with F;; macro-calculations and Bell acceleration.

e The first group index where the equivalence process is applied S?ph

e The maximum group index where the equivalence process is applied S;ph

1.7 Delayed neutron information

We will present space-time kinetics equations in the context of the diffusion approximation (i.e. using
the Fick law) and equations used in a lattice code to produce condensed and homogenized information.
These equations will be useful to understand the information written in the MACROLIB specification.
Similar expressions can be obtained in transport theory. Note that delayed neutron information [y
and A can also be computed at the scale of the complete reactor provided that bilinear direct—adjoint
condensation and homogenization relations are used.

The continuous-energy space-time diffusion equation is written:

3[ ! ¢(F,E,t)} = S m) / 4B v (7, B )5 5 (7, B 0)6(7, B 1)
» 0
J
+ Z ZXE]‘(E))\ZCZJ(F, t) +V- D(Fu Evt)v¢(7?7 E7 t)
7 e

SR B Eot) + / dE' Sy, E « B t)o(F, E', 1) (1.1)
0
together with the set of Ny precursor equations:

deos(Ft) [
ce,é(tra ) :/ AE vP,(7, B, )5 (7, B, )6, By t) — Mecoy(7rt) 5 £=1,Ng (1.2)
0

where

(7, E,t)= neutron flux

X} (E)= prompt neutron spectrum for a fission of isotope j

V" (7, E,t)= number of prompt neutrons for a fission of isotope j

Y¢ ; (7, E,t)= macroscopic fission cross section for isotope j

X?J-(E): neutron spectra for delayed neutrons emitted by precursor group ¢ due to a fission of isotope j

A= radioactive decay constant for precursor group ¢. This constant is assumed to be independent of
the fissionable isotope j.

ce,j(7,t)= concentration of the ¢~th precursor for a fission of isotope j
D(7, E,t)= diffusion coefficient

(7, E,t)= macroscopic total cross section

Y (7, E < E’,t)= macroscopic scattering cross section

I/Ej (7, E,t)= number of delayed neutrons in precursor group ¢ for a fission of isotope j.
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The neutron spectrum are normalized so that

/ dE x¥(E) =1
0

and

/ dE xP(E)=1 ; £=1,Ny
0

After condensation over energy, Egs. (1.1) and (1.2) are written

< 1/1) >g %d)g(F, t) = prrg [1 - Zﬂf,j] ;VE?,j(Fv t>¢h(7?a t)

+ ZZXM/\ZCEJ 7 t) 4+ V- DI(7, )V (7, 1)

SN+ Y S
h
together with the set of Ny precursor equations:

Ocy (7, 1) .
M BgJZl/EfJ ¢h (7, t) — Nece ;(Fot) 5

where

&" (7 1)

{=1,Ny

13

(1.5)

(1.6)

1/21’{ ;(7,t)= product of the number v3*(7, E) of secondary neutrons (both prompt and delayed) for a

fission of isotope j times the macroscopic fission cross section for a fission of isotope j.

Be,;= delayed neutron fraction in precursor group /.

The following condensation formulas have been used:

VE(F,E) = VP (7, E) + Y v, (7, E)
4

B vP(7, B)Se s (7, E)o(, B) Y vEDE, (7199 (7)

g

0
Bej = =

Ode VS (F, B)Se ; (7, B)$(7, E) B %:VE;’J(F)QSQ(F)

g

- o

[ dE v3(7, E)3 (7, E)¢(F, E)
0

¢?(r) = dE ¢(7, E)

[ dE V(7 B)S (R )6 E) S vSE ()60 (7)
] i - vE (e (7)

g9

(1.9)

(1.10)

(1.11)

(1.12)
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<1/v >9= ¢91(F) /EjgldE ﬁ (7, ) (1.13)
1 P
Eg(fﬁzm 5, dE X(7, E) ¢(7, E) (1.14)
g<h I e . .
S0 = 5 [E 4B [ B ol B e B) o F) (1.15)
1 Eg_1
vst, ) = 5 [ B R Sy (7 B) 07 ) (1.16)

where the variable ¢ has been omitted in order to simplify the notation.

A steady-state fission spectrum (taking into account both prompt and delayed neutrons), for a fission
of isotope j, is also required for solving the static neutron diffusion equation:

1= By
0

F(E)+ Y By xiy(E) (1.17)
J4

The group-integrated steady-state fission spectrum is therefore given as
ssg [1_ZﬁlJ] rg"’ZﬂleZ] . (118)

The space-time diffusion equation is generally solved by assuming a unique averaged fissionable iso-
tope. In this case, the variable V¢ is set to 1 in the MACROLIB specification and the summations over j
disapears in Egs. (1.5) and (1.6):

<1/v>9 %W(F, t) = X" [1 - ;Be] > USE(E )" (7 )

+ ) XS Ihee(T ) + V- DI(F )V (7 1)

4

- 97, +Zzgeh 7, t) (1.19)

together with the set of ng precursor equations:

60@( )

= By vE{(F )¢ () = Mece(F 1) 5 £=1,Ny (1.20)

g

Using additional approximations, the new condensation relations are rewritten as

vEe(F, E) = Y S (F, E) = Y v(F, E) 3¢ ;(F, E) (1.21)

J J

Z)Bg,jj?dE VP (7, E) S¢4(F, E) ¢(, E) Z Be,ijE?,j(F) 97
BZ = J OOO = 7 7 (122)
S [ dE v(F, E) S4(7, E) ¢(7, ) Ezuz (P o9(7)
Jj o
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Eg 1 19
5 [1 —zm] T B 2 (E) [ A v, ) 50,7, ) o(F, B)
P = J ¢ Eq 0
[1 — %:ﬂg] Z J dE V]S-S(F, E) Efyj(f‘, E) ¢(r,E)
5 [1 - Zﬂe;] SVl (7) 640)
= 2 (1.23)
[1—2[3@} 5SSt 640
and
Ey_1
S ey | A \B,(B) 4B V(7 E) Sy (7 E) 647 )
A — L L=1,Ny

BZZ f dE U;S(F, E) 3 (7, E) (7, E)

Zﬂf,y ng ZVE?,J‘(F) oM7)
= ﬂzZZh:VE?)j(F) ) ;i L=1,Ng . (1.24)

The above definitions ensure that the group-integrated steady-state fission spectrum is given as
9 = [1 _ Zﬁ€‘| Py 4 Zﬁf Xequ ) (1.25)
‘

A mean neutron generation time can also be written as

TdE L 4, E) > < 1v> 6(7)
zzmg GRaG

(1.26)
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2 Contents of a /microlib/ directory

A /microlib/ directory contains the set of multigroup microscopic cross sections associated with a set
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 1). Finally it may contains a /depletion/
directory (see Section 2.4) which is required for burnup calculation and a /selfshield/ directory which is
generated by the SHI: or USS: operator (see Section 2.8). It is therefore multi-level, namely, it contains
sub-directories. Note that the contents of such a directory will vary depending on the operator which was
used to create or modify it. Here for convenience we will define the variable M to identify the creation
operator:

if the microlib is created or modified by the LIB: or EVO: operator

if the microlib is created or modified by the EDI: or C2M: operator

if the microlib is modified by the SHI: or USS: operator

if the microlib is part of a COMPO object and is created by the COMPO: operator

M:

ISJCRN N

In the case where the LIB: or C2M: operator is used to create the microlib, it appears on the root
level of the data structure. For the other case it is embedded as a subdirectory of a surrounding data
structure.

2.1 State vector content for the /microlib/ data structure

The dimensioning parameters for the /microlib/ data structure, which are stored in the state vector
S™, represent:

e The maximum number of mixtures M,, = S{"

e The number of isotopes Ny = S3*

The number of groups G = &5"

The order for the scattering anisotropy L = Sf* (L = 1 is an isotropic collision; L = 2 is a linearly
anisotropic collision, etc.)

e The transport correction option I, = S7"

do not use a transport correction

use an APOLLO-type transport correction (micro-reversibility at all energies)
recover a transport correction from the cross-section library

use a WIMS-type transport correction (micro-reversibility below 4eV;

1/E current spectrum elsewhere)

4 use a leakage correction based on NTOT1 data.

Itr =

W N = O

e Format of the included /macrolib/ I, = S§*

I = 0 for the direct macroscopic cross sections
P71 1 for the adjoint macroscopic cross sections

e Option for removing delayed neutron effects from the /microlib/ I, = S
1 include the delayed and prompt neutron effect
I; = < 2 consider only the prompt neutrons. This option is only available with

MATXS-type libraries.

e The number of independent libraries Ny, = Sg°
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e The number of fast groups without self-shielding Ny ¢ = Sg"

17

Represents the number of fast energy groups to be treated without including resonance effects. It
is automatically determined from the cross-section libraries. This value, which is only used by the
self-shielding operator, can be modified using the keyword GRMAX.

e The maximum index of all groups with self-shielding N, . = S{j.

In the case of a WIMS—type library, it represents the total number of energy groups above 4.0 eV.
Otherwise, it is automatically determined from the cross-section libraries. This value, is used by
the self-shielding operator and can be modified locally in this operator using the keyword GRMIN.

The number of depleting isotopes Ng = S[}
The number of depleting mixtures Ny = S5
The number of additional ¢-weighted editing cross sections N, = 575

The number of mixtures N, = ST}

e The number of resonant mixtures N, = S{2

spectrum is used. The theory of multiple fission spectra is presented in Ref. 2.

-1
0
1

Iproc -

Option for processing the cross-section libraries Ipyoc = Si%

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

perform an interpolation in temperature and dilution.

perform an interpolation in temperature and compute probability
tables based on the tabulation in dilution.

perform an interpolation in temperature and build a new temperature-
independent cross-section library in DRAGON format.

perform an interpolation in temperature and compute CALENDF—type
mathematical probability tables based on BIN—type cross sections. Do
not compute the slowing-down correlated weight matrices. Option
compatible with the subgroup projection method (SPM).

perform an interpolation in temperature and compute CALENDF-type
mathematical probability tables and slowing-down correlated weight
matrices based on BIN—type cross sections. Option compatible with

the Ribon extended method.

perform an interpolation in temperature and compute CALENDF-type
mathematical probability tables based on BIN—type cross sections. This
option is similar to the I,y = 3 procedure. Here, the base points of the
probability tables corresponding to fission and scattering cross sections
and to components of the transfer scattering matrix are also obtained
using the CALENDF approach.

perform an interpolation in temperature and compute RSE-type proba-
bility tables based on BIN-type cross sections. RSE is the resonance
spectrum expansion method.

e Option for computing the macrolib Iry,c = ST

0 do not build an embedded macrolib.
Tac = 1 build an embedded macrolib. Mandatory if the microlib is to be used to

perform micro-depletion.

e The number of precursor groups producing delayed neutrons Nge1 = S7§.

The number of energy-dependent fission spectra Geni = S By default (Geni = 0), a unique fission
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e The number of fissile isotopes producing fission products with PYIELD data Ngg = Si} (see Table 19)

Option for completing the depletion chains with the missing isotopes Iomp = S5}

J 0 complete
‘TP 1 do not complete.

e The maximum number of isotopes per mixture M = 535.

e An integer index (1, 2, 3 or 4) used to set the accuracy of the CALENDF probability tables. The

highest the value, the more accurate are the tables. Nijpreci = S53.
e Discontinuity factor flag Iys = S¥;. This information is available in /macrolib/ directory (see

Section 1)
0 no discontinuity factor information
1 multigroup boundary current information is available

Iqs =< 2 boundary flux information (see Section 1.4) is available

3 discontinuity factor information (see Section 1.4) is available
4 matrix (G x G) discontinuity factor information (see Section 1.4) is available.

e The maximum Legendre order of the weighting functions I, = S5}
0 use the flux as weighting function for all cross sections

I, = 1 use the fundamental current J as weighting function for scattering cross sections
with order > 1 and compute both ¢— and J—weighted total cross sections.

e Number of companion particles in coupled sets Ipart = SM

I |0 the microlib doesn’t include coupled sets
part > (0 number of companion particles.

e Option for performing the Sternheimer density correction for charged particle cases Ister = S5y
0 do not perform the correction.

Tstor = 1 perform Sternheimer correction applied for both restricted total stopping power
and heat deposition cross section.
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The following records and sub-directories will be found on the first level of a /microlib/ directory:

Table 9: Main records and sub-directories in /microlib/

Name

Condition  Units

Type

Comment

SIGNATURE, .,

STATE-VECTOR

ENERGYUUUUUU
DELTAULuuuuu
CHI-ENERGY

CHI-LIMITS,,,

ISOTOPESLIST

ISOTOPESUSED

ISOTOPERNAME
ISOTOPESMIX,,
ISOTOPESDENS

ISOTOPESTEMP
ISOTOPESTODO

ISOTOPESTYPE

ISOTOPESVOL,
ILIBRARYTYPE

Cx12

1(40)

R(G+1) eV
R(G)
1:{(Gvchi + 1)

Gchi 7& 0 eV

I(Geni + 1) Geni # 0

DiI‘(N[)

C(Np) %12

C(Ny) % 12 M=1,3

(VD) M #4
R(Nr)

R(N}) K
I(Ny)

M=24 cm?
Nip, > 1

Signature of the /microlib/ data structure
(SIGNA =L_LIBRARY,, ).

Vector describing the various parameters asso-
ciated with this data structure S", as defined
in Section 2.1.

Energy groups limits £,

Lethargy width of each group U,

Ei(g): Group energy limits defining the
energy-dependent fission spectra. By default,
a unique fission spectra is used.

Neni(g):  Group limit indices defining the
energy-dependent fission spectra. By default,
a unique fission spectra is used.

List of 1SOTOPE directories. Each component
of this list follows the /isotope/ specification
presented in Tables 16 to 22 and is contain-
ing the cross section information associated
with a specific isotope. The name of these
isotopes is specified by NALIAS; as given in
record ISOTOPESUSED.

Alias name associated with each isotope
NALIAS;. The first eight characters of the
name of a macroscopic residual are set to
?*MAC*RES”’.

Reference name associated with each isotope
NISO;

Mixture number associated with each isotope
Ny

Isotopic density p;

Isotope temperature T;

=0: automatic detection of depletion for iso-
tope ¢; =1: isotope i is forced to be non deplet-
ing (keeps its capability to produce energy);
=2: isotope i is forced to be depleting; =3:
isotope ¢ is at saturation.

Type index associated with each isotope
ITYP;. = 1: the isotope is not fissile and not
a fission product; = 2: fissile isotope; = 3:
fission product.

Volume occupied by isotope V;

Library type associated with each isotope
NLTY;

continued on next page
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continued from last page

Name Type Condition  Units

Comment

ILIBRARYNAME C(Nyp)*64 Ny > 1

ILIBRARYINDX I(Np) Ny > 1
ISOTOPESCOH,, C(Ny)*8 Nip > 1
ISOTOPESINC, C(Ny)*8 Ny, > 1
ISOTOPESRESK C(Ny) * 8 Ny, > 1
ISOTOPESNTFG  I(Np) Nip > 1
ISOTOPESHIN, C(Ny)*12 Ny, > 1
ISOTOPESSHI,, I(Np) Nip > 1
ISOTOPESDSN,, R(G x Ny) ]Z;fc z% b
ISOTOPESDSB, R(G x Ny) ]}\ﬁf; i% b
ISOTOPESNIR, I(Ny) Ny > 1
ISOTOPESGIR, R(Np) Nipb>1 1
MIXTURESVOL, R(N,) M=24 cm?
MIXTURESDENS R(N,,) M=1 g/cm
ADDXSNAME-PO  C(N,) * 8 N, >1
PARTICLE ., Cxl Tpart > 1

PARTICLE-NAM  C(lpart + 1)*1  Ipare > 1
PARTICLE-NGR I(Zpare + 1) Loart > 1

PARTICLE-MC2 R(/par + 1) Ipare 21 eV
{/penergy/} R(G; +1) Tpart 21 eV

Name associated with each cross-section li-
brary

Index of the cross-section library associated
with each isotope 1 < LLIB; < Ny,

Name of coherent scattering type at thermal
energies NCOH;

Name of incoherent scattering type at thermal
energies NINC;

Name of resonance elastic scattering kernel
(RESK) type at epithermal energies NRSK;
Number of thermal groups involved in coher-
ent or incoherent scattering G ;

Name of resonant isotope associated with each
isotope NSHI;

Resonant mixture associated with each iso-
tope Igr;

Standard dilution cross section for isotope
04il,; in each energy group

Livolant-Jeanpierre dilution cross section for
isotope or,j,; in each energy group

Use Goldstein-Cohen factor A; in groups with
index > N[*. Use A = 1 in other groups
Goldstein-Cohen parameter in low-energy res-
onant groups A;. Set to -998.0 if Iproc = 3, to
-999.0 if Iproe = 4, to -1000.0 if Iproc = 5 and
to -1001.0 if Iproc = 6.

Volume occupied by each mixture
Volumetric mass density of each mixture py,
Names of the additional ¢—weighted editing
cross sections ADDXSy, stored on /macrolib/
Character name of the particle associated to
the microlib. Usual names for particles are
N (neutrons), G (photons), B (electrons), C
(positrons) and P (protons).

Character name associated to each particle.
Number of energy groups associated to each
particle.

Rest energy associated to each particle.

Set of arrays containing energy groups lim-
its for a companion particle. The character
name of each sub-directory is the concatena-
tion of the character*1 name of the particle
with “ENERGY”. For example, GENERGY con-
tains the energy mesh of secondary photons
(G; + 1 values).

continued on next page
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Main records and sub-directories in /microlib/ continued from last page
Name Type Condition  Units Comment
TIMESPER L R(2 x 3) M =2 Array T ; that contains Ty = ¢, T2 = B and

T3 = w, the lower (j = 1) and upper bounds
(j = 2) for the reference time in days, bur-
nup in MW day T~! and irradiation in Kb~!
respectively for which the perturbative expan-
sion is valid

K-EFFECTIVE, R(1) * Effective multiplication constant keg
K-INFINITY,, R(1) * Infinite multiplication constant kj,¢

B2, B1HOM, ., R(1) * cm™? Homogeneous Buckling Byom

MACROLIB,, ., Dir Thac =1 Sub-directory containing the /macrolib/ asso-

ciated with this library, following the specifi-
cation presented in Section 1.2.
DEPL-CHAIN,,, Dir Ng>1 Sub-directory containing the /depletion/ as-
sociated with this library, following the speci-
fication presented in Section 2.4.
SHIBA, L LLuuy Dir M=3 Sub-directory containing the /selfshield/ asso-
ciated with this library, following the specifi-
cation presented in Section 2.7. This data is
used by the SHI: self-shielding module.
SHIBA_SG_ . Dir M=3 Sub-directory containing the /uss-selfshield/
associated with this library, following the
specification presented in Section 2.8. This
sub-directory is present in the library builded
by USS: self-shielding module and used by

UsS:.

MIXTUREGAS, ., I(N,,) State of each mixture (used for stopping power
correction).

INDEX uuuw Dir * Sub-directory containing indexing or table-of-

content data for specific library files

One will find in Section 1 the description of a /macrolib/ directory and in Section 2.9 the contents of
an /isotope/ directory. Note that if Ny = 2 and

U235 0001 for i=1

NALIAS; _{ Pu239 0003 for i=2

then {/isotope/} will correspond to the following two directories:
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Table 10: Examples of isotopes directory in a /microlib/

Name Type Condition Units Comment

U235,,,,,0001 Dir Directory where the microscopic cross sections of

Pu239,,,,0003 Dir Directory where the microscopic cross sections

2357 are stored. These are self-shielded cross sec-
tion already interpolated in temperature. They
correspond to the properties of mixture 1

of 2%°Pu are stored. These are self-shielded
cross section already interpolated in temperature.
They correspond to the properties of mixture 3

2.3

State vector content for the depletion sub-directory

The dimensioning parameters for the depletion sub-directory, which are stored in the state vector S¢,
represent:

The number of depleting isotopes Ngep1 = Sf
The number of direct fissile isotopes (i.e., producing fission products) Nqgz = S

The number of fission fragments N, = S§. A fission fragment is produced directly by the fission
reaction. A fission product is a fission fragment or a daughter isotope produced by decay or neutron-
induced reaction.
The number of heavy isotopes Ny = S§
This number represents the combination of fissile isotopes and the other isotopes produced from
these isotopes by reactions other than fission.
The number of fission products Ng, = S¢
This number represents the combination of fission fragments and the other daughter isotopes pro-
duced by any reaction (decay or neutron induced).
The number of other isotopes No = S¢
This number represents the other depleting isotopes which are not produced by fission or by reaction
with fission isotopes or fission products but have a depletion chain.
The number of stable isotopes Ny = S¢
This number represents the 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.

The maximum number of depleting reactions, including radioactive decay and neutron-induced
reactions Mg = S¢

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

The number of energy-dependent fission yield matrices Nyap = St
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2.4 The depletion sub-directory /depletion/ in /microlib/

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

Table 11: Main records and sub-directories in /depletion/

Name

Type

Comment

STATE-VECTOR

ISOTOPESDEPL

CHARGEWEIGHT

DEPLETE-IDEN
DEPLETE-REAC

DEPLETE-ENER

DEPLETE-DECA
PRODUCE-REAC

PRODUCE-RATE

FISSIONYIELD

ENERGY-YIELD

1(40)

C(Ndepl) * 12

I(Ndep1)

I(MR X Ndcpl)

R(MR X Ndepl)

R(Ndep1)
I(MS X Ndepl)

R(MS X Ndcpl)

R(Nndp X Ndﬁ X Ndfp)

R(Aﬁﬂp+1)

Vector describing the various parameters associ-
ated with this data structure S¢, as defined in
Section 2.3.

Reference name of the isotopes NISOD, present
in the depletion chain

6-digit (integer number) nuclide identifier with
atomic number Z (2 digits), mass number A (3
digits) and energy state FE (0 for ground state, 1
for first excited level, etc.). This identifier is not
defined for pseudo fission products.

Reference name of the depletion reactions

List of identifier for the depletion of an isotope
d

T,
Energy per reaction associated with each deple-
tion reaction Rf_’i
Radioactive decay constants

List of identifier for the production of an isotope
p

S,1
Branching ratio associated with each production
reaction RY
Fission yield for each direct fissile isotope 7 to each
fission fragment j in fission yield macrogroup k
Yi,ij
Energy limits of fission yield macrogroups Efss

An isotope NISO; defined in Section 2.2 is considered to be part of the depletion chain only if one can
find a value of 1 < j < Ngepi such that NISO; = NISOD;. Some depleting isotopes may be automatically
added to the /microlib/ directory. In this case, the reference name in record ISOTOPERNAME is taken equal
to its reference name in ISOTOPESDEPL and the alias name in record ISOTOPESUSED is taken equal to the
first 8 characters of its reference name in ISOTOPESDEPL, completed by a 4-digit mixture identifier. If the
reference name contains an underscore, the alias name is truncated at the first underscore. For example,
an isotope present in mixture 2 with a reference name equal to D20_3_P5 is translated into an alias name
equal to D20,y y,,,0002.

The contents of the variables K9,

is used to identify the type of isotope under consideration. For

each isotope 7, r will take successively the values 1 to Mp depending on the type of reaction NREAD,.
one wishes to analyze, namely
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NREAD; =DECAY,,,, | isotope may undergo radioactive decay
NREADs =NFTOT..,, | isotope may undergo fission or is a fission fragment
A2 X = ST BUHEV 4 v in+y
NREAD3 =NG_Luu isotope may undergo neutron capture (mt=102)
g X = 41X 4y
NREAD, =N2N_, | isotope may undergo (n,2n) reaction (mt=16)
g X = 471X +2n4y
NREADs =N3N_ | isotope may undergo (n,3n) reaction (mt=17)
NREADg =N4N_, | isotope may undergo (n,4n) reaction (mt=37)
NREAD7; =NA, L uuu | isotope may undergo (n,«) reaction (mt=107)
NREADg =NP_ L | isotope may undergo (n,p) reaction (mt=103)
NREADg =N2A, . | isotope may undergo (n,2a) reaction (mt=108)
NREAD;( =NNP_ L | isotope may undergo (n,np) reaction (mt=28)
(n,d) reaction (mt=104)
(n,t) reaction (mt=105)

NREAD:; =ND_,uuu | isotope may undergo
NREAD; =NT_Luuu | isotope may undergo

n
n

where symbols n, «, p, d and t represent neutron, alpha particle, proton, deuteron and triton, respectively.

The contents of the variable K9

ri is used to specify the properties of reaction r for each isotope i
under consideration. Here K¢ contains two different types of informations, namely d(r) and i(r) which
are defined as follows:

d

Kd
d(r) = Kfﬂ- mod 100 and i(r) = WTOl (2.1)

where

isotope i does not deplete by reaction NREAD,.

isotope ¢ will deplete by reaction NREAD,.

isotope ¢ does not deplete by reaction NREAD,. but yields energy production
isotope i is fissile without fission yield. Valid only for r such that NREAD, =NFTOT
isotope 1 is fissile with fission yield. Valid only for r such that NREAD, =NFTOT

5 isotope i is a fission fragment. Valid only for r such that NREAD, =NFTOT

d(r) =

=W = O

and i(r) = 0 unless 4 < d(r) < 5. When d(r) = 4, i(r) represents the fissile isotope index while for
d(r) =5, i(r) represents the fission fragment index. The fractional yield for the production of the fission
fragment i(7’) from the fissile isotope i(r) is stored in matrix Y;(y_ ). The contents of the vector Rfﬂ-
is the energy in MeV emitted per decay or reaction.

The contents of the variables K fz is used to identify explicitly the parent isotope which can generate
the current isotope 7. The maximum number of parent reaction for this depletion chain is Ms. K7,
contains two different types of information, namely r(s) and ¢(s) which are defined as follows:

K?.
r(s) = K{; mod 100 and i(s) = 156

where r(s) = 0 indicates that the list of parent isotopes is complete while r(s) > 0 refers to the reaction
type NREAD,.(,) and can take the following values:

(2.2)

1 isotope ¢ produced by radioactive decay

2 isotope 4 produced by fission (this contribution is kept apart from record
r(s) = 'FISSIONYIELD’)

3 isotope ¢ produced by neutron capture

>4 isotope i produced by NREAD,.,) reaction

In the case where r(s) > 0, i(s) represents the isotope index associated with the parent isotope and
R‘;i represents the branching ratio in fraction for the production of isotope NISOD; from a neutron

reaction with the parent isotope NISOD;,).
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2.5 State vector content for the SHIBA self-shielding sub-directory

The dimensioning parameters for the self-shielding sub-directory, which are stored in the state vector
S?, represent:

e The first group for which self-shielding takes place Gimin = S7 By default Gin = Ng 5 + 1
e The last group for which self-shielding takes place Gax = S5 By default Gax = Ng.c

e The maximum number of iterations in the self-shielding calculation M, = S3

e Enabling flag for the Livolant-Jeanpierre normalization Ij; = &f

e Enabling flag for the use of Goldstein-Cohen parameters Iy, = S5

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

j 0 no transport correction applied in self-shielding calculation
71 1 use transport corrected cross section in self-shielding calculation

e Type of self-shielding model fievel = S5

0 Stamm’ler model without distributed self-shielding effects
[ 1 Stamm’ler model with the Nordheim (PIC) distributed self-shielding model
level = 9 Stamm’ler model with both Nordheim (PIC) distributed self-shielding model
and Riemann integration method.

e The option to indicate whether a specific flux solver or collision probability matrices are used to
perform the self-shielding calculation Igux = S§ (see PIJ and ARM keyword in SHI: operator input
option)

J_— 1 use a specific flux solver (the ARM keyword was selected)
fue 2 use collision probability matrices (the PIJ keyword was selected)
2.6 State vector content for the subgroup self-shielding sub-directory

The dimensioning parameters for the self-shielding sub-directory, which are stored in the state vector
S*, represent:

e The first group for which self-shielding takes place Giin = S7 By default Gin = Ny r + 1
e The last group for which self-shielding takes place Gax = S5 By default Gax = Ny e
e SPH enabling flag Ispn = &3

0 skip the multigroup equivalence procedure

Isph = 1 perform a multigroup equivalence procedure (SPH procedure or
Livolant-Jeanpierre equivalence)

The transport correction option used in self-shielding It = &)

j 0 no transport correction applied in self-shielding calculation
71 1 use transport corrected cross section in self-shielding calculation

The number of iterations in the self-shielding calculation M, = S¢
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e The option to indicate whether a specific flux solver or collision probability matrices are used to

perform the self-shielding calculation I, = S§ (see PIJ and ARM keyword in USS: operator input
option)

J_— 1 use a specific flux solver (the ARM keyword was selected)
flue 2 use collision probability matrices (the PIJ keyword was selected)

e The « factor enabling flag I, = S7. These factors are used to represent the moderator absorption

effect in the Sanchez—Coste self-shielding method.

I — 0 the v factors are set to 1.0
771 1 the~ factors are computed
e The simplified self-shielding enabling flag Icac = S§
0 perform a delailed self-shielding calculation
Ieaie = 1 perform a simplified self-shielding calculation using data recovered from the
—DATA — CALC— directory
e The flag for ignoring the activation of the mutual resonance shielding model I;oco = S§

I | 0 follow the directives set by LIB
1€ 1 1 ignore the directives set by LIB

e Maximum number of fixed point iterations for the ST scattering source convergence Inax = Sy

e Type of elastic slowing-down kernel in Autosecol [iax = S7;

j— 0 use exact elastic kernel
falt =1 1 use an approximate kernel for the resonant isotopes

e Maximum storage size for the slowing-down kernel values in Autosecol I, = S3

e Normalization flag for the collision probabilities Iyorm = Sis

I _J 0 no normalization
norm 1 remove any remaining leakage from collision probabilities

e Seed integer used by the random number generator Iseed = Siy-
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2.7 The sHIBA self-shielding sub-directory /selfshield/ in /microlib/

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

Name Type Condition Units Comment

STATE-VECTOR I(40) Vector describing the various parameters associ-
ated with this data structure S;, as defined in
Section 2.5.

EPS-SHIBA,, R(1) 1 Value of the relative convergence criterion for the
self-shielding iterations in SHI:.

2.8 The subgroup self-shielding sub-directory /uss-selfshield/ in /microlib/

Table 13: Main records and sub-directories in /uss-selfshield/

Name Type Condition Units Comment

STATE-VECTOR 1(40) Vector describing the various parameters associ-
ated with this data structure S;, as defined in
Section 2.6.

-DATA-CALC—-,, Dir Teale =1 Name of directory containing the data required by

a simplified self-shielding calculation. This type
of calculation allows the definition of a single self-
shielded isotope in several resonant mixtures.
{/isodir/} Dir List of sub-directories that contain isotopic sub-
group information collected by the USS: module.

The list of directory {/isodir/} named ISODIR will be composed according to
WRITE(ISODIR,’ (1HC,I5,1H/,1I5) ) iso,nbiso

where iso is the isotope index and nbiso is the total number of isotopes. {/isodir/} is defined in Table 14.
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Table 14: Main records and sub-directories in {/isodir/}

Name Type Condition Units Comment

{/cordir/}  Dir List of sub-directories that contain correlated iso-
topic subgroup information collected by the USS:
module.

The list of directory {/cordir/} named CORDIR will be composed according to
WRITE(CORDIR,’ (3HCOR,I4,1H/,I4)°) ires,nires

where ires is the correlated isotope index and nires is the total number of correlated isotopes. {/cordir/}
is defined in Table 15.

Table 15: Main records and sub-directories in {/cordir/}

Name Type Condition  Units  Comment

NWTO-PTuuuu  Dir(G) List of real arrays. Each component of this list
contains subgroup flux information in correlated
fuel regions, as computed by USS:. Each real ar-
ray has dimension Nypnrs X K4, where Nypnys is
the number of correlated fuel regions and K, is
the number of base points in energy group g.

ASSEMB-PHYS,, Dir(Nasm) leale =1 List of ASSEMB-PHYS directories. Each compo-
nent of this list contains subgroup assembly in-
formation for the subgroup method with physical
probability tables. The specification of this di-
rectory is given in Sect. 5.3 or 5.4 depending if a
double-heterogeneity is present or not. A double-
heterogeneity is present if S, = 1 in the TRACK-
ING object.

ASSEMB-RIBON Dir(Nasm) lcalc = 3,4 List of ASSEMB-RIBON directories. Each compo-
nent of this list contains subgroup assembly in-
formation for the subgroup projection or Ribon
extended method. The specification of this direc-
tory is given in Sect. 5.3 or 5.4 depending if a
double-heterogeneity is present or not. A double-
heterogeneity is present if S, = 1 in the TRACK-
ING object.

continued on next page



IGE-351

Main records and sub-directories in {/cordir/}

29

continued from last page

Name Condition  Units

Type

Comment

ASSEMB-RSE.;, Dir(Nasm) Icalc =6

List of ASSEMB-RSE directories. Each compo-
nent of this list contains subgroup assembly in-
formation for the resonance spectrum expan-
sion method. The specification of this direc-
tory is given in Sect. 5.3 or 5.4 depending if a
double-heterogeneity is present or not. A double-
heterogeneity is present if S, = 1 in the TRACK-
ING object.

2.9 Contents of an /isotope/ directory

Each isotope directory always contains a cross section identifier record SCAT-SAVED, ; which must be
used to verify if a given cross section type has been saved for this isotope.

Table 16: Isotopic cross section identifier records

Comment

Name Type Condition Units
ALTAS i Cx12 M >0
AWRLLLLLLLLL R(l) nau
pT_TABLEUUUU Dir Iproc >1

Alias character*12 name of a microlib isotope.
This record is not provided in DRAGLIB objects.

Vector k5™ to identify the various type of
Legendre-dependent cross sections saved for this
isotope

Ratio of the isotope mass divided by the neutron
mass

Sub-directory containing probability table infor-
mation, following the specification given in Sec-
tion 2.9.1. Iproc is defined in Section 2. This
sub-directory is present in the microlib builded
by the LIB: module.

Delayed neutron data can be present for some fissile isotopes on the /isotope/ directory. If Nge > 1
precursor groups are used, the following information is available:
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Table 17: Delayed neutron reaction records

Name Type Condition  Units Comment

{nusid} R(G) Nge>1 b vop;?: The product of of, the fission cross section

with 1/?’9 , the averaged number of fission—emitted
delayed neutron produced in the precursor group

L.

{chid} R(G) Ngey >1 1 xp?: Delayed fission spectrum, normalized to
one, for the delayed fission neutrons in precursor
group /.

LAMBDA-D iy R(Ndel) Ngel > 1 g1 /\?: Decay constant associated with the precursor

group £. We must have 0 < AP < )‘?-H'

The delayed component of the fission yields in each precursor group £ is given as VE"(] . The quantities

D
P9 and v, Y of are defined as

D,g ~9
Dyg _ Y77 O¢

Rz
and
v? ol = we 79 (V9a?)*

where the superscript ss indicates steady-state values. The delayed neutron records {nusid} and {chid}
will be composed, using the following FORTRAN instructions, as NUSIGD and CHID:

WRITE(NUSIGD,’ (A6,12.2)") 'NUSIGF’, ell
WRITE(CHID, (A3,12.2)") 'CHI’, ell

for 1 < ell < Ng4q. For example, in the case where two group cross sections are considered (Ngq = 2),
the following records would be generated:

Table 18: Example of delayed-neutron records in /isotope/

Name Type Condition Units Comment

NUSIGFOl uu R(G) Nga>1 b VUPigZ The product of of, the fission cross section
with v19, the averaged number of fission-emitted
delayed neutron produced in the precursor group 1.
NUSIGFO2 ,uu R(G) Nge > 2 b VO'Pég: The product of of, the fission cross section

with u? 9. the averaged number of fission—emitted
delayed neutron produced in the precursor group 2.

continued on next page
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Example of delayed—neutron records in /isotope/ continued from last page

Name Type Condition Units Comment

CHIOl i uuuuu R(G) Ny >1 1 Xllj’g: Delayed fission spectrum, normalized to one,
for the delayed fission neutrons in precursor group 1.

CHIO2 uuuu  R(G)  Nge > 2 1 X?"g: Delayed fission spectrum, normalized to one,
for the delayed fission neutrons in precursor group 2.

In cases where the /isotope/ directory is produced by the edition module, some depletion-related
information may be available in this directory, in order to facilitate subsequent data processing. This
information is described in Table 19.

Table 19: Depletion-related information

Name Type Condition  Units Comment

MEVG Luuuuuu  R(1) Ng>1 MeV Energy in MeV produced by radiative capture.
Ny is defined in Section 2.

MEVF Luoouos R(1) Ng>1 MeV Energy in MeV produced by fission.

DECAY uuuun  R(1) Ng>1 108 s~! Radioactive decay constant

YIELD Luuuw R(G4+1) Ng>1 1 Fission fragment yield per energy group. The first

value is the average yield over all the energy spec-
trum. This record is given only for fission frag-

ments.

PIFI uuuouun  1(Nag) Nag > 1 Position in ISOTOPESUSED of the mother fissile
isotopes. This record is given only for fission frag-
ments.

PYIELD, uuuw  R(Nag) Nag >1 1 Fission product yield per fissile isotope. This

record is given only for fission fragments.

We will first consider the more usual case where constant vector reactions are stored on the isotopic
directory. A typical example of the microscopic cross section directory may be:
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Table 20: Example of isotopic vector reaction records

Name Type Condition Units Comment

NTOTOL Luuun  R(G) b The ¢p—weighted multigroup total cross section
o

TRANCL Luuuu  R(G) b The multigroup transport correction o,

NUSIGFLLuuLuu  R(G) b The product of U;{, the multigroup fission cross
section with v9, the steady-state number of
neutron produced per fission, vo’;

NFTOTLLuwwww  R(G) b The multigroup fission cross section 0‘;

CHILuuuwwwu R(G)  Geni = The multigroup energy spectrum of the neu-
tron emitted by fission ¢

CHI--01uuuu R(G) G >1 The first energy-dependent multigroup energy
spectrum of the neutron emitted by fission
X9

CHI--02u Ly R(G)  Geni > 2 The second energy-dependent multigroup en-
ergy spectrum of the neutron emitted by fis-
sion Y92

CHI--03uuuu R(G) Geni >3 The third energy-dependent multigroup en-
ergy spectrum of the neutron emitted by fis-
sion 93

CHI--04,uuu R(G) Geni >4 The fourth energy-dependent multigroup en-
ergy spectrum of the neutron emitted by fis-
sion y94

NGLLuLuuuuuu  R(G) b The multigroup neutron capture cross section
o

H-FACTOR_ L, R(G) Jb Energy production coefficients H9 (product of
each microscopic cross section times the en-
ergy emitted by this reaction).

C-FACTOR_ L, R(G) * electron b Charge deposition coefficients C9 (product
of each microscopic cross section times the
charge deposed by this reaction). Information
provided if PARTICLE=B, C or P.

N2N Luououun - R(G) b The multigroup cross section U(gn,2n) for the
reaction éX +n —>‘§_1 X +2n

N3N Luouowwun R(G) b The multigroup cross section a(gny?m) for the
reaction éX +n —)‘2_2 X +3n

NN Luououun R(G) b The multigroup cross section U(gn,4n) for the
reaction éX +n —)‘2_3 X +4n

NPLoLuououun R(G) b The multigroup cross section a?n_’p) for the re-
action X +n =4 | X +p

NALLLLLowoun R(G) b The multigroup cross section ofma) for the re-
action QX +n —>§:§ X+«

NGOLD uuuuu  R(G) The multigroup Goldstein-Cohen parameters

as recovered from GIR array in main /mi-
crolib/ directory A9

continued on next page



IGE-351 33

Example of isotopic vector reaction records continued from last page

Name Type Condition Units Comment

NWTOLLLuuLun  R(G) s~ tem ™2 The multigroup neutron flux spectrum ¢9,

STRD LLuuuun  R(G) b The multigroup transport cross section ho-
mogenized over all directions o,

STRD-XLuuuw  R(G) b The z—directed multigroup transport cross
section Ugtrd,m

STRD-Y Luuww  R(G) b The y—directed multigroup transport cross
section Ugtrd,y

STRD-Zuuuuw  R(G) b The z—directed multigroup transport cross
section Ugtrd,z

OVERV_LLuuuw  R(G) em s The average of the inverse neutron velocity
<1/v>9,

NTOT1u uuwun  R(G) b The J-weighted multigroup total cross sec-
tion of

MWT1oouowwoun  R(G) s~ tem—2 The multigroup fundamental current spec-
trum JJ

NWATOL Luuun  R(G) 1 The multigroup neutron adjoint flux spectrum
o

NWAT1  uouun R(G) 1 The multigroup fundamental adjoint current
spectrum 7,59

We can also use this isotopic directory to store time dependent cross sections in the form of a power
series expansion:

I
vf(t) = Dol it (2.3)

where the presence of these various terms is specified using xi. Note that the last three characters of
each of the records in Table 20 correspond to the extension EXT=’_,,’ that is associated with term
i = 0 in the power series expansion for the cross sections (see Eq. (2.3)). For i = 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;(k1) = 1 for i = 0, 2, then this implies the presence of the following additional records
in the /isotope/:

Table 21: Additional total cross section records for I = 2

Name Type Condition Units Comment

TOTAL L LIN  R(G) d—'b array Uf)l = AocY containing the first
order coefficients in the power series ex-
pansion for the multigroup total cross
section

continued on next page
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Additional total cross section records for I = 2 continued from last page
Name Type Condition Units Comment
TOTAL_LLLQUA  R(G) d—2b array ’Ui])z = A%09 containing the sec-

ond order coefficients in the power se-
ries expansion for the multigroup total
cross section

The multigroup scattering cross section matrix, which gives the probability for a neutron in group h
to appear in group g after a collision with this isotope is represented by the form:

ol 90 — 4 =

2£+1Pg(ﬁﬁl) h%g_z Z sz Q/) h—g
=0 {=0 m=—¢

using a spherical harmonic series expansion to order L — 1. Assuming these spherical harmonic are
orthonormalized, namely:

[ ey
A7

h—

’

(ﬁ) = 5m,m’ 65,5/

we can define 0,7 in terms of Uhﬁg(ﬁ — Q’) using the following integral:

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

. . . h . .
Here instead of storing on these G' x G matrices o, 79 a vector which contains a compress form for

this matrix will be considered. This choice is justified by the fact that the number of energy groups which
will lead to scattering in a specific group is generally relatively small compared to the total number of
groups in the library and that these groups are clustered around the final energy group. Here we will
first define two different integer vectors nj and hj for each order in the scattering cross section and for
each final energy group g which 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:

-9 ||g:1 g=2 g=3 g=4

h=1 aq a9 0 0
h=2 0 as Qy as
h=3 0 Qg ar 0
h=4 0 as 0 ag
g 1 1 3 1
ng 1 4 2 3

The compress scattering matrix will then contain the following information:

_ h'—>1 _hi—1—1 hl—ni4+1—-1 _h2—2 he —ng+1-G
O'[C—(O-g , 0y yeeey Oy ,Op yerey Oy

which for the example above leads to

o¢,c = (a1,as, ag,as, az, a7, as, ag, 0, as)
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As a result U?_W can be reconstructed using
0 if h > hj
oyt =240 if h<hj—nj+1
of . otherwise k=30_inl+hl—h+1
Finally, we will also save the total scattering cross section vector of order ¢ which is defined as
G
UZ s = U?_”’
g=1

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

Table 22: Optional scattering records

Name Type Condition  Units Comment

SIGSO0 LuLuu  R(G) b The isotropic component (¢ = 0) of the multi-
group total scattering cross section U(g),s

133800 L I(G) Highest energy group number for which the

isotropic component of the scattering cross
section to group g does not vanish, h{
NJJIS00 Luuuy  I(G) Number of energy groups for which the
isotropic component of the scattering cross
section to group g does not vanish, ng

SCATOO L R(Z:qG:1 ng) b Compressed isotropic component of the scat-
tering matrix cr(’iC
{/subiso/} Dir Tpary > 1 Set of sub-directories containing scattering

information towards a companion particle.
{/subiso/} is the name of the companion par-
ticle (set to N, G, B, C or P). This information
is used to construct coupled sets of cross sec-
tions.

If the scattering cross section is expanded to order L > 1 in Legendre polynomials, additional set
of scattering records similar to those described above will be presentin the cross section directory. The
first four characters and last 6 characters in the names of these records will again be identical to those
described above while character 5 and 6 will differ from level to level. For example, the order ¢/ = 5
compressed scattering matrix will be identified by SCATO5,,,uu while for order £ = 50 we will use
SCATSO0Luuuu-

The STRD cross sections are normalized in such a way to permit the calculation of a diffusion coeflicient
using the following formula:

D¢ (2.4)

1
3 Z Ni Ugtrd,i
i

where N; is the isotopic density of isotope ¢ and o? , . is the STRD cross section of isotope i in energy
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group ¢g. The sum is performed over all isotopes present in the mixture. The STRD cross sections for
isotope i are defined as

1 ()
o . = g o?. — 0% ) if a streaming model is used 2.5
strd,? (Mg)z 3 <(21 _ Esl)j>g ( 1,7 sl,z) g ( )
= ! <¢>§ (68, —c% ;) if no streamin del used
= 0.i i ¢ model use (2.6)

(192 3(Dg), (S0 — Ze1)d),
where

¢9 fundamental flux

J9 fundamental current

1? SPH equivalence factor

¥{ ¢-weighted macroscopic total cross section of the mixture
Z{ J—weighted macroscopic total cross section of the mixture

Y9, macroscopic Py scattering cross section of the mixture (J-weighted if a streaming model is used;
¢—weighted if no streaming model used)

D¢ diffusion coefficient

g . . . . . .
0p,; ¢—weighted microscopic total cross section for isotope 14
of . J—weighted microscopic total cross section for isotope i

microscopic P; scattering cross section for isotope i (J—weighted if a streaming model is used;
¢—weighted if no streaming model used)

g
Os1.4

On the other hand the so-called directional cross section STRD_ X, STRD_Y and STRD,,Z are obtained in
such a way that

Dy k=uz, yorz . (2.7)

1
= — ;
3 § :Nl Ustrd,k,i
[

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

Table 23: Example of cross section records

Name Type Condition Units Comment

o

NTOTOL Luuuy  R(G) The multigroup total cross section o9
SIGS00LLLLLL  R(G) b The isotropic component (¢ = 1)of the multi-
group total scattering cross section Ug)s

continued on next page
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Example of cross section records continued from last page
Name Type Condition Units Comment
133800 L I(G) Highest energy group number for which the

isotropic component of the scattering cross sec-
tion to group g does not vanishes, h

I1JJS00, I(G) Highest energy group number for which the first
order perturbation in the isotropic component of
the scattering cross section to group g does not
vanishes, hf ,

NJJIS0OLLLLuL  I(G) Number of énergy groups for which the isotropic
component of the scattering cross section to group
g does not vanishes, nf

SCATOO L R(Zle ng) b Compressed isotropic component of the scattering
matrix J(Ii .

SIGSOlLuuuu  R(G) b The linearly anisotropic component (£ = 1) of the
multigroup total scattering cross section Ui])s

133801 uuwn I(G) Highest energy group number for which the lin-

early anisotropic component of the scattering
cross section to group g does not vanishes, h{
NJJISOlLuuun  I(G) Number of energy groups for which the linearly
anisotropic component of the scattering cross sec-
tion to group g does not vanishes, nf{
SCATO1,Luuu R(Zle ny) b Compressed linearly anisotropic component of

the scattering matrix Ufc

Note that most of these cross sections are not required to perform a cell calculation. In fact, in a
typical transport calculation, only o9, o7, VU;{», x? and the isotropic and linearly anisotropic scattering
matrix are used. For burnup calculations, depending on the depletion chain prescribed, the following
cross sections may be required: a?, od Finally, when editing

o? o o o? o?
¢’ ¥ (n,2n)> “(n,3n)’ “(n,dn)’ “(n,p)’ 7 (na)
isotopic cross sections, all the cross sections types in the library will be processed.
A final note on the use of the transport correction and the homogenized and directional transport
cross section. In DARGON, the transport correction cross section is used to correct the total and isotropic

scattering cross section using the relations

g g g

UC = g7 — Gtc
g—g _ g—g g
UC,O = 0y — Otc

2.9.1 The probability table directory PT-TABLE in /isotope/

Physical probability tables (Ipoc = 1) are obtained from a least-square fit of the self-shielded cross
sections against dilution. Mathematical probability tables (Iproc > 3) are obtained from Autolib data us-
ing the CALENDF formalism. Resonance spectrum expansion (RSE) information (Ipyec = 6) is obtained
from Autolib data using a singular value decomposition (SVD) of the form A = U W VT where

A: snapshot flux matrix of size Ny 4 X Nail recovered from the Draglib or Apollo2 file,
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U: first orthogonal SVD matrix of size Nygg g X Ky,
W: singular-value diagonal matrix of size K, x K,

V: second orthogonal SVD matrix of size Naj x K

38

where Nygg 4 is the number of ultra-fine groups in coarse group g, Naji is the number of snapshot ultra-fine
group flux distributions in coarse group g (corresponding to the number of dilutions) and K is the SVD
rank in coarse group g.

Table 24: Probability tables or RSE tables in /isotope/

Name

Type

Condition

Units

Comment

GROUP_PTuuuu

GROUP-RSE

{/isotope2/}

NDRLJLJLJLJLJLJLJLJLJ

NDELUUUUUUUU

SVD_EPSuuuuu
NJJISO0LLLLLL

Dir(G)

Dir(G)

Dir(npos)

Iproc 7& 6

Iproc =6

Iproc =6

Iproc =6
Iproc =6

List of energy-group sub-directories. Each com-
ponent of the list is a directory containing the
probability-table information associated with a
specific group. See table 25.

List of energy-group sub-directories. Each com-
ponent of the list is a directory containing the
resonance spectrum expansion information asso-
ciated with a specific coarse group. See table 26.
List of group-dependent K, x Lj; microscopic
scattering double precision matrices correlated to
the base points in microscopic total cross sections
in group ¢ and to the scattering sources from iso-
tope2 in group h. Here, npos is the total num-
ber of scattering double precision matrices tak-
ing into account self-scattering and out-of-group
scattering. Ly is the order of the probability ta-
ble for isotope2 in group h. Record {/isotope/}
(with isotope2 = isotope and Ly, = K},) is always
present if Iproc = 6.

Order K, of the probability table or of the reso-
nance spectrum expansion tables in each energy
group g. If I,oc = 6, the RSE rank K, < Ngj
where Ngj is the number of dilutions.

Number of delayed neutron precursor groups for
this resonant isotope.

Rank accuracy of the SVD.

Bandwidth ny;; 4 of records {/isotope2/}. npes =

> Mnji.g-
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Table 25: Group-dependent non-RSE directories in /isotope/

Name

Type

Condition

Units

Comment

PROB-TABLE,

SIGQT-SIGS.,

SIGQT-SLOW,

{/isotope2/}

ISM-LIMITS,,,

R(12, Npart)

1(2,L)

Probability tables. Npa.¢ is the total number of
reactions represented by probability tables. 12 is
the maximum allowed order of a probability table.
Probability table in secondary slowing-down cross
section.

Slowing-down correlated weight matrix.

Set of records, each containing the correlated
weights between the current total xs and the total
xs of isotope2. Lg is the order of the probability
table for isotope2. (*) This data is optional and
is provided only if I,;0c > 3 and if the mutual
self-shielding effect is to be taken into account.
Minimum (index 1) and maximum (index 2) sec-
ondary group for each Legendre order of the scat-
tering matrices

Table 26: Group-dependent RSE directories in /isotope/

Name

Type

Condition

Units

Comment

RSE_TABLEUUU

SIGT VLo

XI—V\_’\_’\_’\_’\_’\_’\_’\_’
GAMMA—VUUUUU
{/isotope2/}

D(Npart, Kg)

Resonance spectrum expansion (RSE) table P.
Npart is the total number of flux and reactions
represented by RSE tables and K, is the RSE
rank (equal to the number of base points). Here,
P =SVW~! whereSisa Npart X Ngi1 double preci-
sion matrix containing dilution-dependent homo-
geneous flux and effective cross sections recovered
from the Draglib or Apollo2 file.

Double precision vector corresponding to the base
points in microscopic total cross sections. These
values are the eigenvalues of the linear transfor-
mation.

Double precision vector Zg,g = >, Up k.
Double precision vector v, = 3. Aul™ U, 1.
Set of matrices representing the correlation of mi-
croscopic total cross sections between isotope2
and isotope in group g¢. (*) This data is optional
and is provided only if isotope2 is resonant and if
isotope2 # isotope.

continued on next page
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Group-dependent RSE directories in /isotope/ continued from last page

Name Type Condition Units Comment

ISM-LIMITS,, I(2,L) Minimum (index 1) and maximum (index 2) sec-
ondary group for each Legendre order of the scat-
tering matrices
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3 Contents of a /geometry/ directory

The L_GEQM specification is used to store structured geometric data, i.e., data characterized by some
regularity in space. Sub-geometries can be embedded at specific node positions to build a more complex
geometry. The following regular geometries can be described with the L_GEOM specification:

e Cartesian geometries in 1D, 2D and 3D

Cylindrical geometries in 1D and 2D (R — Z or R — 6)

Spherical geometries in 1D

e Hexagonal geometries in 2D /3D

Various types of cells in 2D /3D Cartesian or hexagonal geometry

Cells with clusters of fuel rods

e Various synthetic geometries (Do-it-yourself Apollol assembly and double-heterogeneity).

This directory contains a compact description of a geometry.

3.1 State vector content for the /geometry/ data structure

The dimensioning parameters for this data structure, which are stored in the state vector S¢, repre-

sent:

e The type of of geometry F; = S

F

0 O Ui W~ O

W N DNDDNDDNDNDN = == ===
O U WD R OO0 TtlwNn — O o

Virtual geometry

Homogeneous geometry

Cartesian 1-D geometry

Tube 1-D geometry

Sphere 1-D geometry

Cartesian 2-D geometry

Tube (R-Z) geometry

Cartesian 3-D geometry

Hexagonal 2-D geometry

Hexagonal 3-D geometry

Tube (R-X) geometry

Tube (R-Y) geometry

hexagonal 2-D geometry with triangular mesh

z-directed hexagonal 3-D geometry with triangular mesh
Tube (R-0) 2-D geometry

Triangular 2-D geometry

Triangular 3-D geometry

Cartesian 2-D geometry with annular sub-mesh

Cartesian 3-D geometry with z—directed cylindrical sub-mesh
Cartesian 3-D geometry with y—directed cylindrical sub-mesh
Cartesian 3-D geometry with z—directed cylindrical sub-mesh
Hexagonal 2-D geometry with annular sub-mesh

Hexagonal 3-D geometry with z—directed cylindrical sub-mesh
Do-it-yourself geometry
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e The number of annular or cylindric mesh intervals in the geometry N, = S§
e The number of z—directed mesh intervals, hexagon or triangles in the geometry N, = S
e The number of y—directed mesh intervals in the geometry N, = S
e The number of z—directed mesh intervals in the geometry N, = S&
e The total number of mesh intervals in the geometry Ny = Sg
— for F, =0 or 1, N, = 1;
— for F; =2, 5 or 7, Nj, = max(N, 1) X max(Ny, 1) x max(N,, 1);
— for F;, =3, 6, 10 or 11, N, = N, x max(N,, 1) x max(N,, 1) x max(N,,1)
— for Fy =4, N, = N,;
— for F; =8 or 9, N, = N, X max(N,, 1);
— for F; =12 or 13, Ny = 6 x N2 x max(N,, 1);
— for F; =20, 21, 22 or 23, N = (N, + 1) x max(N, 1) x max(N,,1) x max(N,1);
— for Fy =24 or 25, N, = (N, + 1) x max(N,, 1).
e The maximum number of mixtures used in this geometry M,, = S¢

e The cell flag F, = S§

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

e The number of sub-geometries defined in this geometry F, = S§'
e The merge flag F,,, = S5,

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

e The split flag F, = SG

0 Split option not activated
Fs = 1 Split option present
2 Split option present. The embedded tubes are not splitted.

e The double heterogeneity flag Fy, = S&,

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

e The number of cluster sub-geometry N = Sng

e The type of sectorizarion Fy.. = S&. This information may be given only if F; > 20.

—999 non-sectorized cell processed as a sectorized cell
—1 Xx-—type sectorization
0 non-sectorized cell
1 +4-—type sectorization
2 simultaneous x— and +—type sectorization
3 simultaneous x— and +-type sectorization shifted by 22.5°
4 windmill-type sectorization.
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e Number of tubes that are not splitted by the sectors if Fie. # 0. This integer is selected in interval
0 < Fsec2 < Nr- Fsec2 = 81%

e The pin location option S{. When S > 0, the pin are located according to (r,6) in 2-D and 3-D
(center along the cylinder axis in the cell into which they are inserted) while for S& < 0, the pin
are located according to (z,y) in 2-D and (z,y, ) in 3-D. A value of S = 0, implies that there is
no pin in the geometry.

The radii of a CARCEL— or HEXCEL-type geometry are defined as shown in the following figure:

%

N

/

In case where Fy.. # 0, the elementary cell is splitted with sectors. Mixture indices are specific in
each splitted region. They are defined as in the following two figures (isect= Fye. and jsect= Fyoc2):

19 18
10 9 11| 10
6 5 20 17
/3[
3 5 816
7\% 21 wdk 24
11 12 14 15
22 23
isect=-1 jsect=0 isect=1 Jjsect=0 isect=2 jsect=0
6 12 11
2> 7 6 13 XX 0
3 2 5 R
6 9
” g \4 5/ 9 14 ﬁo 17
8 W 15 16
isect=-1 jsect=1 isect=1 jsect=1 isect=2 jsect=1
3 4 2 3
6
’ 6 @
7
5 6
5
isect=-1 jsect=2 isect=1 jsect=2 isect=2 jsect=2 isect=3 jsect=2 isect=4 jsect=2
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&
AN
0

isect=-1 Jjsect=0 isect=-1 jsect=1 isect=-1 Jjsect=2

In case of an automatic geometry definition using the NAP: module, the number of mixtures corre-
sponding to assembly in the original core definition is named N,,,, and the number of assembly along X
and Y directions are N, and N, respectively.

3.2 The main /geometry/ directory

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

Table 27: Main records and sub-directories in /geometry/

Name Type Condition Units Comment

SIGNATURE_ .., Cx12 Signature of the data structure
(SIGNA =L_GEOM_Luuun)

STATE-VECTOR 1(40) Vector describing the various parameters associ-
ated with this data structure S&, as defined in
Section 3.1.

MIX uououoon L(Ng) Record containing the material mixture index 1 <

i < M,, per region (for positive indices) or the
sub-geometry index 1 < |i| < F, per region (for
negative indices). MIX(I) is set to zero in voided
regions I or in regions located outside the domain.
array H; containing the virtual (homogenization)
mixtures associated with different regions of the
geometry

[—
—~
S
~—

*

HMIX\_H_H_H_H_H_H_H_I

RADIUS,Luuu  R(N-+1) N, >1 cm  The radial mesh R; position. The first element of
this vector is identical to 0.0

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

MESHX Luuun R(Ng + 1) N, >1 cm  The z—directed mesh position X;

MESHY  uuuuw  R(Vy +1) Ny >1 cm  The y—directed mesh position Y;

MESHZ Luuuuu  R(N. +1) N, >1 cm  The z—directed mesh position Z;

SIDE L uuoun R(1) 2842%75%1215 cm  The width of the side of the hexagon H

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

Units Comment

Name Type Condition
SPLITRuLLLLn  I(N, + 1) Fyx N, >1
SPLITXuuuin  1(N.) Fyx N, >1
SPLITYLJLJLJLJLJLJ I(Ny) FS X Ny Z 1
SPLITZUUUUUU I(NZ) FS X NZ Z 1
SPLITH LLuun  1(1) F,=12,13
SPLITLUUUUUU I(l) Ft - 8, 9
IHEXUUUUUUUU I(l) Ft - 8, 97 12, 137 24, 25
NCODE Luuuuu  1(6)

ZCODEuuuuuu R(G)

ICODELLuuuuu 1(6)

NPIN L uuowun I(l) |81GS| 7é 0
DPIN,LuuuuuL R(l) |SIC§3| 7é 0
RPINGLuuuuLL R(k) Sle =1

cm

cm

Record containing the radial mesh splitting .S, ;.
A negative value permits a splitting into equal
sub-volumes; a positive value permits a splitting
into equal sub-radius spacings

Record containing the x—directed mesh splitting
Sw,i

Record containing the y—directed mesh splitting
Sy.i

Record containing the z—directed mesh splitting
Sz,i

value S}, of the triangular mesh splitting for trian-
gular hexagons in the geometry. This will lead to
a spatial triangular mesh spacing of H, = H/N,
value Sj, of the lozenge mesh splitting for
hexagons in the geometry. This will lead to
3xSPLITL? lozenges per hexagon. If unset, the
default value is SPLITL = 1.

The type of hexagonal symmetry S

Record containing the types of boundary condi-
tions on each surface Ng ;. NCODE(1): X- or
HBC condition; NCODE(2): X+ or R+ condition;
NCODE(3): Y- condition; NCODE(4): Y+ condition;
NCODE(5): Z- condition; NCODE(6): Z+ condition
Record containing the albedo value on each sur-
face f3;

Record containing the albedo index on each sur-
face Ig ;. The vector 3; is used only if Ig; > 0
and Ng; = 6. In the case where Ig; < 0
and Ng; = 6 the vector 3, ; in the directory
/macrolib/ is used

Number N, of identical pins in a cluster. All
the pins will see identical flux

Relative density d, , of pins in a cluster. In this
case Npin = —1

array Rpin; containing the radial positions at
which the center of the pins in the cluster are
located with respect to the center of the cell
(k = Npin). In the case where Rpi, j contains
a single element (k = 1), it is assumed that the
pins are all located at the same radial position
chf = Rpin,l

continued on next page
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continued from last page

Units Comment

Name Type Condition
APIN LLLuuLL R(k) SIGS =1
CPINXLLuuuwu R(Npin) 81% =-1
CPINY uuuuuw R(Npin) SIGS =-1
CPINZ,uuuuuu R(Npin) 81% =-1
BIHETuuuuuuu DlI‘ Fdh - 1
pDURCEUUUUUU R(Sgc;) Ft - 30
PROCELuuuuuu R(SSC;, SSC;) Ft - 30
CELLLuuuuuun  C(Fy) * 12 F.=1
MERGELLuuuuu I(Nk) Fm =1
TURNLLLLLLLL I(Nk) Fc =1
CLUSTERUUUUU C(Fcl) * 12 FCl > 1
{/subgeo/} Dir F,>1

9
MIX-NAMES, C(Mm) x12 *
A-NXuLuuouou I(Nay)
A-TBXLuuuuou I(Nay)
A-ZONE ooy I(Nch)

A_NMIXPLJLJLJLJLJ I(l

~—

rad

cm

cm

cm

array Opin j containing the angular positions at
which the center of the pins in the cluster are
located with respect to the z, y or z axis re-
spectively for TUBEX, TUBEY and TUBEZ geometry
(k = Npin). In the case where 6pi, ; contains a
single element (k = 1), it is assumed that the first
pin is located at Oyt = Opin,1, the remaining pins
being located at Opin j = Orer + 2(j — 1)7/Npin
array Xpin; containing the x positions at which
the pins in the cluster are centered with respect
to the center of the cell

array Ypin,; containing the y positions at which
the pins in the cluster are centered with respect
to the center of the cell

array Zpin,; containing the z positions at which
the pins in the cluster are centered with respect
to the center of the cell

Directory containing double-heterogeneity re-
lated data. This directory can only be present
on the root directory.

The proportion of each cell type in the lattice P;
The pre-calculated probability for a neutron leav-
ing a cell of type ¢ to enter in a cell of type j
without crossing any other cell F; ;

The names of the sub-geometries (CELLy)

The merging index corresponding to each region
Gm,i

The orientation index corresponding to each re-
gion Gy ;. Negative values are used to turn a cell
in the Z direction.

The names of the sub-geometries making up the
cluster (CLUSTERy,)

Set of sub-directories containing a subgeometry
The names of the mixtures

Number of assemblies on each row

Position of the first assembly on each row
Number of the assembly associated with each
channel. Each assembly may be represented
by several channels if they have been heteroge-
neously homogenized.

The number of mixtures in one heterogeneously
homogenized assembly. N,,,,. Note for homoge-
neously homogenized assembly N, = 1.

In the case where a cylindrical correction is applied over a full-core Cartesian calculation, the following
additional data is provided. It is provided if and only if type 20 (CYLI) boundary conditions are set in
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the XY plane (see Figure 2).

ang

~——rrad —>

Figure 2: Cylindrical correction in Cartesian geometry

Table 28: Cylindrical correction related records in /geometry/

Name Type Condition  Units Comment

XROLLLLuLLuL R(Neyr) cm Record containing the coordinate of the Z axis
from which the cylindrical correction is applied
to Cartesian geometries. Ny is the number of

radii.

RROLLuLuuuuy R(Neyt) cm Record containing the radius of the real cylindri-
cal boundary (rrad).

ANGLLLLLLLLL - R(Neyr) 1 Record containing the angle (in radian) of the

cylindrical notch. ang(ir) = 7 by default (i.e.
the correction is applied at every angle).

The type of hexagonal symmetry 3 is defined as:

S30

SA60

SB60

590

R120

R180

SA180
SB180
COMPLETE

Bn =

© 00~ O Uk W

S30, SA60 and COMPLETE symmetries are depicted in the following figures. The other types of
hexagonal symmetries are defined in the DRAGON users guide. ']
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NCODE is a record containing the types of boundary conditions on each surface. In Cartesian geometry,
the 6 components of NCODE are related to sides X-, X+, Y-, Y+, Z- and Z+, respectively. The possibilities
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are:
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9
10

20
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side not used

VOID: zero re-entrant angular flux. This side is an external surface of the domain.
REFL: reflection boundary condition. In most DRAGON calculations, this implies
white boundary conditions. In DRAGON the cell is never unfolded to take into
account a REFL boundary condition.

DIAG: diagonal boundary condition. The side under consideration has the same
properties as that associated with a diagonal through the geometry. Note that two
and only two DIAG sides must be specified. The diagonal symmetry is only permitted
for square geometry and in the following combinations: (X+ and Y-) or (X- and Y+)
TRAN: translation boundary condition. The side under consideration is connected

to the opposite side of a Cartesian domain. This option provides the facility to treat
an infinite geometry with translation symmetry. The only combinations of
translational symmetry permitted are related to sides (X- and X+) and/or

(Y- and Y+) and/or (Z- and Z+).

SYME: symmetric reflection boundary condition. The side under consideration is
located outside the domain and that a reflection symmetry is associated with the
adequately directed axis running through the center of the cells closest to this side.
ALBE: albedo boundary condition. The side under consideration has an arbitrary
albedo with a real value given in the record ‘ZCODE’ or indexed by the record
‘ICODE’. This side is an external surface of the domain.

ZERO: zero flux boundary condition. This side is an external surface of the domain.
PI/2: m/2 rotation. The side under consideration is characterized by a m/2 symmetry.
The only 7/2 symmetry permitted is related to sides (X- and Y-). This condition can
be combined with a translation boundary condition:(PI/2 X- TRAN X+) and/or
(PI/2 Y- TRAN Y+).

PI: 7 rotation

SSYM: specular relexion boundary condition. Such a condition may be obtained by
unfolding the geometry.

CYLI: use a cylindrical correction in full-core Cartesian geometry

In cylindrical geometry, the 3 components of NCODE are related to sides R+, Z- and Z+, respectively.
The possibilities are: VOID, REFL, ALBE and/or ZERO.

In hexagonal geometry, the 3 components of NCODE are related to sides H+ (the surface surrounding
the hexagonal domain in the X-Y plane), Z- and Z+, respectively. The possibilities are: VOID, REFL,
SYME, ALBE and/or ZERO.

We will now describe the exact meaning of the orientation index G ;. For Cartesian geometries, the
eight possible orientations are shown in the following figure:

2 ool | 4
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For hexagonal geometries, the twelve possible orientations are shown in the following figure:
1 e 2 3 4 5 e 6
° °
o oo
oo A
°

° Q
° oo

In the case where F. = 1, the set of directory {/subgeo/} will have the same name as the variable
CELLy. For example, in the case where F,, = 2 and

GEO1 for k=1

CELL: = { GE02 for k=2

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

Table 29: Cell sub-geometry directory

Name Type Condition Units Comment
GEO1_ Luuuuw  Dir A first /geometry/ directory
GEO2,uuuuuun  Dir A second /geometry/ directory

In the case where F,; > 1, the set of directory {/subgeo/} will have the same name as the variable
CLUSTERg. For example, in the case where F,; = 2 and

RODS1 for k=1

CLUSTER = { RODS2 for k=2

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

Table 30: Cluster sub-geometry directory

Name Type Condition Units Comment

1 A first /geometry/ directory

RODS1 uuuuwy  Dir Fq >
>1 A second /geometry/ directory

RDDSQuuuuuuu Dir Fg =

3.3 The /BIHET/ sub-directory in /geometry/

The first level of the geometry directory may contains a double-heterogeneity directory /BIHET/ made
of the following records:
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Table 31: Records in the /BIHET/ sub-directory

Name Type Condition Units Comment

STATE-VECTOR 1(40) Vector describing the various parameters associ-
ated with this data structure S¢"

NS LLLLLLLLL I(Sflh) The number of sub-regions in the micro-
structures Nmicro,i

RSLLLLLLLLLL R(Sgh, Sflh) cm The radii of the tubes or spherical shells making
up the micro-structures Rmicro,i,j

MILIE Lo I(S?‘jlh) The composite mixture indices used in the defi-
nition of the macro-geometry Chicro,i,;

MIXDIL i I(S?‘jlh) The mixture indices associated with the diluent in
each composite mixtures of the macro-geometry
Dmicro,i,j

MIXGRLLuuuLu I(ijh,Sgh) The mixture indices associated with each region

FRACTuuuuuuu

R(S{", s5")

of the micro-structures Mmicro,s,j
The volumetric concentration of each micro-
structure pmicro,i,

The dimensioning parameters for this data structure, which are stored in the state vector S®", repre-

sent:

e The number of different kinds of macro-structures S{"

1 plus the maximum number of annular sub-regions in any micro-structure Sg*

The number of composite mixtures to be included the macro-geometry S¢"*

e The maximum number of annular sub-regions in the micro-structure S§* = (S¢" — 1) x S¢"

The type of micro-structure S¢" where

Sghz{

3 Tubular micro-structure
4 Spherical micro-structure
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4 Contents of a /tracking/ directory
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This directory contains the information resulting from an analysis of a geometry using a specific
calculation operator of DRAGON.

4.1 State vector content for the /tracking/ data structure

The dimensioning parameters for this data structure, which are stored in the state vector S, represent:

e The number of regions N, = S}

e The number of unknown N,, = S}

n-{

The leakage flag I, = St

0 Leakage is present
1 Leakage is absent

e The maximum number of mixture used M,, = S}

820_{1

The number of outer surfaces Ny, = Si

Flag related to the double-heterogeneity option Sf, where

0 the double-heterogeneity option is not used

the double-heterogeneity option is used.

4.2 The main /tracking/ directory

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

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

Name Type Condition Units Comment

SIGNATURE ., Cx12 Signature of the data structure
(SIGNA =L_TRACK,,)-

STATE-VECTOR 1(40) Vector describing the various parameters associated
with this data structure S}, as defined in Section 4.1.

TRACK-TYPE,,, Cx12 Type of tracking considered (CDOOR). Allowed val-
ues are: *EXCELL’, *SYBIL’, ’MCCG’, *SN’, *BIVAC’
and *TRIVAC’.

LINK.GEOM_ . ,, Cx12 Name of the GEOMETRY on which the tracking is
based.

TITLELLLoowy  Cx72 Identification title (TITLE)

MATCOD,Luuun  L(S?) Region material M,

KEYFLX, Lo I(S{) Location in unknown vector of averaged regional flux
I,

VOLUME ,Luuu  R(SY) cm? Region volumes V.

continued on next page
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continued from last page

Name Type  Condition Units Comment

BC-REFL+TRAN [I(Sf) St>1 Reflection/transmission matrix localisation operator
Ts

FUNC-TABLES,, Dir * Directory containing Bickey or/and exponential
function tables.

BIHET, , LLLuu Dir S}io =1 Sub-directory containing the data related to a dou-

ble heterogeneity geometry. The specification of this
directory is given in Section 4.9

In addition to the above records, the main /tracking/ directory will also contain information which is
specific to each tracking module. This information will be described in the following sub-sections. Also
note that the contents of the S! vector for i > 6 will depend on the specific tracking module and will be
defined in the next sub-sections.

4.3 The sybilt dependent records and sub-directories on a /tracking/ directory

When the SYBILT: operator is used (CDOOR=’SYBIL’), the following elements in the vector S} will

also be defined.

e The main SYBIL model S¢

S

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

e Minimum space required to store tracks for assembly geometry St

e Minimum space required to store interface currents for assembly geometry S}

e Number of additional unknowns holding the interface currents S§. These unknowns are used if and
only if a current—based inner iterative method is set (with option ARM).

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

Table 33: The sybilt records and sub-directories in /tracking/

Name Type Condition Units Comment

EPSJLuuuuuun R(1) 1 Stopping criterion for flux-current iterations of the
interface current method

PURE-GEOM,,,, Dir 8§ =2 Sub-directory containing the data related to a pure
geometry

DOITYOURSELF Dir SE=3 Sub-directory containing the data related to a do-it-
yourself geometry

EURYDICE ., Dir 8§ =4 Sub-directory containing the data related to an as-

sembly geometry
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where the sub-directories in Table 33 are described in the following subsections.

4.3.1 The /PURE-GEOM/ sub-directory in sybilt

Table 34: The contents of the sybilt /PURE-GEOM/ sub-directory

Name Type Condition Units Comment

PARAM uuun 1(6) Record containing the parameters for a SYBIL track-
ing on a pure geometry P;

NCODE_uuuun 1(6) Record containing the types of boundary conditions
on each surface Ng_;

ZCODE_Luuuu  R(6) 1 Record containing the albedo value on each surface

XXouoooouuw R(Pa+1) Py>1 cm  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) Ps>1 cm  y—directed mesh coordinates after mesh-splitting for
type 5, 6 and 7 geometries

ZZZ oo R(Pe+1) Ps>1 cm  z—directed mesh coordinates after mesh-splitting for
type 7 and 9 geometries

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

with the dimension parameter P;, representing:

e The type of geometry Py

At
Il

© 00 O UL W N

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

e The type of hexagonal symmetry [, = Po

Br =

© 00 O UL Wi -

S30

SA60

SB60

S90

R120

R180

SA180
SB180
COMPLETE
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e The quadrature parameter Ps
e The number of x—directed or radial mesh intervals in the geometry Py
e The number of y—directed mesh intervals in the geometry Ps

e The number of z—directed mesh intervals in the geometry Pg

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

0 Not used

Void boundary condition

Reflection boundary condition

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

Ngj =

O U W N~

4.3.2 The /DOITYOURSELF/ sub-directory in sybilt

Table 35: The contents of the sybilt /DOITYOURSELF/ sub-

directory
Name Type Condition Units Comment
PARAM uuon 1(3) Record containing the parameters for a SYBIL track-
ing on a do-it-yourself geometry P;
NMCLuuuuuun I(M 4+ 1) Offset of the first region in each cell
RAYRE Luuuu  R(N,. + M) cm  Radius of the tubes in each cell
pRDCELUUUUUU R(M, M) Geometric matrix
POURCE LLLuu  R(M) Weight assigned to each cell
SURFALLuLLL  R(M) cm?2  Surface of each cell

with the dimension parameter P;, representing:
e The number of cells P, = M
e The quadrature parameter Py

e The statistical option Ps

Do — 0 the statistical approximation is not used. Record >PROCEL’ is used.
371 1 wuse the statistical approximation. Record *PROCEL’ is not used.
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56

Table 36: The contents of the sybilt /EURYDICE/ sub-directory

Name Type Condition  Units Comment

PARAM, uuun 1(16) Record containing the parameters for a SYBIL track-
ing on an assembly geometry P;

XXuouoououun R(Ps) cm  x—thickness of the generating cells

YYouuuuowoon  R(Ps) cm  y—thickness of the generating cells

LSECT Luuwun  1(Ps) Type of sectorization for each each generating cell.
Equal to zero for non-sectorized cells. Allowed values
are defined as Fye. in Section 3.2

NMCLuuuuuuun I(Ps + 1) Offset of the first region index in each generating cell

NMCRuLLuuun I(Ps + 1) Offset of the first radius index in each generating cell.
Equal to NMC, unless the cell is sectorized.

RAYRE Luuuw  R(M;) cm  Radius of the tubes in each generating cell.
M, =NMCR(Pg + 1)

MATL, uoooon (2, Ps) Offsets of the first tracking information in each gen-
erating cell. MAIL(1,:) contains offsets for the inte-
ger array ZMAILI; MAIL(2,:) contains offsets for the
real array ZMAILR.

ZMAILT Louun 1(Pis) The integer tracking information

ZMATILR uuus R(Pis) cm  The tracking lengths

IFRULLuuuun L(Pa, P1a) Index numbers of incoming currents

ALBLuuuuuuun R(Pa, Pia) Albedo or transmission factors corresponding to in-
coming currents

INUMouooooon 1(Pa) Index number of the merge cell associated to each
cell of the assembly

MIX ouooooon L(Ps, Pra) Index numbers of outgoing currents

DVXuuuouuun  R(Ps, Pra) Weights corresponding to outgoing currents

IGEN LLLuuon 1(Ps) Index number of the generating cell associated to

each merged cell

with the dimension parameter P;, representing:

e The type of hexagonal symmetry P;

P1

© 00~ Tk W+~ O

Cartesian assembly
S30

SA60

SB60

S90

R120

R180

SA180

SB180
COMPLETE
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e The type of multicell approximation Po

Roth approximation
Rothx4 or Rothx6 approximation
DP-0 approximation
DP-1 approximation

Py =

[ENEUCR NI

e The type of cylinderization Ps

1 Askew cylinderization
Ps =< 2 Wigner cylinderization
3 Sanchez cylinderization

e The total number of cells Py

e The number of merged cells Ps

e The number of generating cells Pg

e The number of distinct interface currents Py

e The number of angles for 2-D quadrature Pg

e The number of segments for 2-D quadrature Py

e The number of segments for homogeneous 2-D cells P1g
e The number of segments for 1-D cells P13

e The track normalization option Pia

Do — 0 Normalize the tracks
1271 1 Do not normalize the tracks

e The type of quadrature in angle and space P13

Do — 0 Gauss quadrature
13 1 Equal weight quadrature

e The number of outgoing interface currents per cell Py
e The number of integer array elements in the tracking arrays Pis

e The number of real array elements in the tracking arrays Pig
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4.4 The excelt dependent records on a /tracking/ directory
When the EXCELT: modules is used (CDOOR="EXCELL”), the following elements in the vector S} will
also be defined.

e Sl is the number of Legendre orders used for the flux expansions, where

St— 1 isotropic
6 2 linearly anisotropic.

e S!is the specific EXCELL tracking procedure considered where

1 Cartesian 2D /3D assembly using EXCELT:

2 hexagonal 2D/3D assembly using EXCELT:

3 2D cluster geometry using EXCELT:

4 2D and 3D Cartesian assemblies with clusters using NXT:.

st =

e Sl is the track normalization flag where

—1 direction dependent track normalization to exact volumes;
St = 0 global track normalization to exact volumes;
1 no normalization.

o S is the tracking type where

St 0 means that a standard tracking procedure was considered (TIS0);
97 1 1 means that a cyclic tracking procedure was considered (TSPC).

e Si, is the type of boundary conditions where

St 0 means that isotropic (white) boundary conditions will be considered (PISO);
1071 1 means that mirror-like (specular) boundary conditions will be considered (PSPC).

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

o St = Ng 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:
module is used for Cartesian assemblies;

— the number of equal sectors (trapezoidal quadrature) in the [0, 27 /3] range when the EXCELT:
module is used for hexagonal geometries;

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

— the number of trapezoidal sectors in the [0, 7/2] range when the NXT: module is used.
For 3-D geometry, the order of the solid angle quadrature is:

— the order n of the EQ, quadrature in a quadrant (0 < ¢ < 7/2 and 0 < 6§ < 7/2) when
the EXCELT: module is used for Cartesian assemblies for Ngi; = n(n + 2)/8 direction in each
quadrant;

— the number of equal sectors (trapezoidal quadrature) in the [0, 27 /3] range when the EXCELT:
module is used for hexagonal geometries;
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— not used for the EXCELT: module in cluster geometries;

— the order n of the EQ, , LC,, or LT, quadrature in a quadrant with 0 < ¢ < 7/2 and
0 <6 < m/2. When the NXT: modules is used, the number Ng;, of directions for the azimuthal
(2-D) or solid (3-D) angle quadrature results in Ngi; = n(n + 2)/8 directions for the EQ,
quadrature, Ng;; = 3n(n + 2)/8 for the LC,, quadrature and Ng;; = 3n?/2 for the LT,
quadrature.

e 8!, is the angular symmetry factor;

e S!, is the polar quadrature type:

Gauss-Legendre

CACTUS type 1

CACTUS type 2

McDaniel

McDaniel with P; constraint
Gauss optimized.

Tk W N~ O

e St is the order of the polar quadrature.

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

for a EQ,, (3-D) or trapezoidal (2-D) quadrature;
for a Gauss quadrature (2-D hexagonal geometries);
for a median angle quadrature;

for a LC),, 3-D quadrature;

for a LT,, 3-D quadrature;

for a pi—optimized level-symmetric 3-D quadrature;
for a quadrupole range (QR) 3-D quadrature.

t
815_

~N O O W N

Sl is the number of geometric dimensions (1, 2 or 3).

St is the number of tracking points on a line.

Slg is the maximum length of a track.

Slg is the total number of tracks generated.

8%, is the total number of track directions processed.

8%, is the line format option for TLM: module, where

Sto— 0 short format
2171 1 complete format.

81, is the vectorization option for computing collision probability matrices where

0 scalar algorithm. The tracking is readed for each energy group.

1 vectorial algorithm. The tracking is readed once and the collision probability
matrices are computed in many energy groups.

Sk, =< 2 vectorial algorithm of type EXCELL:. The tracking is computed in DOORVP
and the collision probability matrices are computed in many energy groups.

3 vectorial algorithm of type NXT:. The tracking is computed in DOORVP
and the collision probability matrices are computed in many energy groups.
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8%, is the tracking flag, where

—1 the LCM object information is used for Monte-Carlo calculations. No
tracking file produced.
Sk = 0 this option de-activates the tracking file production if TISO or TSPC are
specified.
1 this option produces the tracking file.

Siy is the prismatic tracking activation flag along z axis for 3D geometry (0/3: off/on-z axis).

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

Table 37: The EXCELT: records in /tracking/

Name Type Condition Units Comment

EXCELTRACKOP R(40) array R; containing additional EXCELL or NXT

ICODE Luuun  L(6) array Zg ;, containing the surface albedo index (geo-

ALBEDO,Luuuu  R(6) array (g1 containing the geometric surface albedo
(used only if Zg 1, > 0).

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

NXTRecords, ,, Dir St =14 directory containing additional NXT: records.

PROJECTION,, Dir Sty >0 directory containing the analysis of the projection of

tracking parameters.

metric surface albedo 3, 1 are used if Zg , < 0 while
physical surface albedo f;, , are used if Zg > 0).

a 3D prismatic geometry.

The record R; contains the following information:

R is the maximum error allowed on the exponential function.

R is the user requested tracking density in cm ™! and in cm ™2 respectively for 2D and 3D calcu-
lations.

R3 is the maximum distance in cm between an integration line and a surface.

R4 is the computed tracking density in cm ™! and in cm ™2 respectively for 2D and 3D calculations
(used only if St = 4).

Rs5 is the computed line spacing in ¢cm (used only if St = 4).
R is the weight of the spatial quadrature (used only if S = 4).

R~ is the minimal radius of the circle (2-D) or sphere (3-D) containing the geometry (used only if
St =4).

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

geometry (used only if SL = 4).

e Ryo user requested tracking density in em™! for inline contruction of 3D tracks when a prismatic

tracking is considered (only used if Sy > 0).

The /NXTRecords/ directory contains the information required to track the geometry using the NXT:
module module once it has been analyzed. The contents of this directory is presented in Table 38.

Table 38: Global geometry records in /NXTRecords/

Name

Type

Condition

Units Comment

GOO000001DIM

GOO000001CUF

GO0000001CIS

GOOO00001CFE

GO0000001SMX

GO0000001SMY

GO0000001SMZ

GOO0O00001SMR

KEYMRGLuUuuu

1(40)

I(2, N§S)

I(4, N{9)

10 : 8, NEG)

D(0: NE9)

D(0: N§%)

D(0: NE9)

D(0:1)

I(=Ng¢ : Ngi©)

I(=N3¢ : Ngi©)

NGC —

NG =1

cm

cm

array NiGG containing the dimensioning information
required to rebuilt the assembly

array DSJ-G containing the assembly description of
the geometry in terms of cells and rotations. The
first element (¢ = 1) identifies the cell number while
the second element identifies the cell rotation

array S%G containing the cell intrinsic symmetry
properties. A value of 1 indicates that a center cell
reflexion symmetry is present while a value of 0 indi-
cates that the symmetry is not considered (see below
for a more complete description of this array)

array Flc‘JG containing the assembly external surface
identification index (see below for a more complete
description of this array)

array ¢ containing the z-directed mesh for the cell
assembly in a Cartesian or Cylindrical geometry and
the x position of the cell center for an hexagonal
assembly (see below for more explanations)

array y©C containing the y-directed mesh for the cell
assembly in a Cartesian or Cylindrical geometry and
the y position of the cell center for an hexagonal
assembly (see below for more explanations)

array z9% containing the z-directed mesh for the cell
assembly (see below for more explanations)

the radius 7% of the outer assembly boundary (see
below for more explanations)

array MRG; containing the merged surface and re-
gion number associated with each individual surfaces
and regions in this geometry

array containing the albedo number associated with
each surface and the physical mixture number asso-
ciated with each region in this geometry

continued on next page
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Global geometry records in /NXTRecords/ continued from last page
Name Type Condition  Units Comment
HOMMATALB,,, I(—NSE : NG9 array containing the albedo number associated with

each surface and the virtual (homogenization) mix-
ture number associated with each region in this ge-
ometry

SAreaRvolume D(—N$C @ NGY) array containing the area (S, in cm for 2-D and cm?
for 3-D problems) and volume (V; cm? for 2-D and
cm? for 3-D problems) associated with each surface
and region in this geometry

The dimensioning vector for the global geometry contains the following information:
e NF¢ number of dimensions for the problem.
e N$C type of boundary, defined as follows:

— ¢ = 0: Cartesian geometry;

— ¢ = 1: cylindrical geometry;

— ¢ = 2: isocel geometry with specular reflection;

— 1 = 3: hexagonal geometry with translation;

— i = 4: isocel geometry with RA60 rotation and translation;

— 1 = 5: lozenge geometry with R120 rotation and translation.

e NS 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 and hexagonal geometries a value of 1 (z-axis)
is selected by default.

e NEC number of cells in the original geometry (before unfolding).

e N&C number of cells in the geometry after the original geometry is unfolded according to the
symmetries.

e N§C diagonal symmetry flag. A value of 0 indicates that this symmetry is not used. A value of
—1 indicates that the symmetry is used for the x_ =y plane and a value of 1 that the symmetry
is used for the zy = y plane.

e NYC flag to identify symmetries with respect to the z-axis (z_ or 2 ). A value of 0 indicates that
no symmetry is present, N7GG = +1 is for a SYME symmetry at the x4 plane, N7GG = +2 represents
a SSYM symmetry at the z+ plane and N¥¢ = 3 implies a translation symmetry is the = direction

(x- =z4).

o N&C flag to identify symmetries with respect to the y-axis (y_ or 4 ). A value of 0 indicates that
no symmetry is present, N&¢ = 41 is for a SYME symmetry at the y4 plane, N&¥¢ = +2 represents

a SSYM symmetry at the y4 plane and NY¢ = 3 implies a translation symmetry is the y direction
(Y- =y1).

e N§C flag to identify symmetries with respect to the z-axis (z_ or z;). A value of 0 indicates that
no symmetry is present, N¥¢ = +1 is for a SYME symmetry at the 24 plane, N&¥¢ = +2 represents

a SSYM symmetry at the z1 plane and N7GG = 3 implies a translation symmetry is the z direction
(2- = 24).
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number of x mesh subdivisions or hexagons in the original geometry.
number of y mesh subdivisions or hexagons in the original geometry.
number of z mesh subdivisions in the original geometry.

number of x mesh subdivisions or hexagons in the unfolded geometry.
number of y mesh subdivisions or hexagons in the unfolded geometry.
number of z mesh subdivisions in the unfolded geometry.

maximum number cells required to represent this geometry.

maximum number of region for this geometry.

total number of clusters in this geometry.

maximum number of pins in this geometry.

maximum dimensions of any mesh array for a cell in this geometry.
maximum dimensions of any mesh array for a pin in this geometry.
number of external surfaces for this geometry.

number of regions for this geometry.

maximum number of external surfaces in a sub-geometry included in this geometry.
maximum number of regions in a sub-geometry included in this geometry.
MERGE flag defined as follows:

¢ = 0: no merge;
i = 1: MERGE MIX applied to regions.

The indexing of array SSJG for the axis of symmetry is as follows

1. Cartesian assemblies:

1 = 1 refers to a reflexion of the geometry on a plane normal the z-axis;
1 = 2 refers to a reflexion of the geometry on a plane normal the y-axis;
1 = 3 refers to a reflexion of the geometry on the plane x = y;

1 = 4 refers to a reflexion of the geometry on a plane normal the z-axis.

2. Hexagonal assemblies (symmetries not yet programmed).

1 =1 refers to a reflexion of the geometry on a plane normal the u-axis;
1 = 2 refers to a reflexion of the geometry on a plane normal the v-axis;
i = 3 refers to a reflexion of the geometry on the plane w;

1 = 4 refers to a reflexion of the geometry on a plane normal the z axis.

The indexing of array FZGJG for external surface identification is as follows. First F(S‘J-G represents the

number of

times the cell appears in the geometry after it has been unfolded. For i > 0, FZC}G can take

the following values

GG _

1 surface associated with direction ¢ of cell j is an external boundary of the assembly
0 surface associated with direction 7 of cell j is not an external boundary of the assembly

with the following planes associated with different values of i:
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Face=2 or -4 Face=1 or -5
V:l W:2
Face=3 or -3 lzja_cze= 0
U=1 -
Face=4 or -2 Face=5or-1
W:1 V:2

Figure 3: Example of an assembly of hexagons (left) and external faces identification for an hexagon

1. Cartesian assemblies:

e i = 1 surfaces on the z_ plane for cell j;
e ¢ = 2 surfaces on the x4 plane for cell j;
e i = 3 surfaces on the y_ plane for cell j;
e i = 4 surfaces on the y; plane for cell j;
e ¢ = 5 surfaces on the z_ plane for cell j;

e i = 6 surfaces on the z; plane for cell j.
2. Hexagonal assemblies (see Figure 3):

e i = 1 surfaces on the u_ plane for cell j;
e i = 2 surfaces on the u plane for cell j;
e i = 3 surfaces on the v_ plane for cell j;
e ; = 4 surfaces on the v, plane for cell j;
e ¢ = 5 surfaces on the z_ plane for cell j;
e i = 6 surfaces on the z; plane for cell j;
e ¢ = 7 surfaces on the w_ plane for cell j;

e ; = 8 surfaces on the wy plane for cell j.

The arrays 29, 4S9, 268G and %G contain the following information:

)

1. Cartesian assemblies:

e 258G and 28¢ are the lower and upper z limits of mesh element i (i = 1,n%);

e y$9 and y'C are the lower and upper y limits of mesh element j (j = 1,nY);

e 2C and 2z are the lower and upper z limits of mesh element k (k = 1,n7).

2. Hexagonal assemblies (see Figure 3):

e 15 = h is the width of one face of the hexagon and z$¢ is the position in x of the center of
cell 7 in the assembly;

e y5'¢ = h is the width of one face of the hexagon and ny is the position in y of the center of
cell 7 in the assembly;
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e 2% and ZE'G are the lower and upper z limits of mesh element & (k = 1,n%).

As we noted above, the global geometry is always an assembly containing cells. For each cell 7 in this
assembly, several records will be generated in the /NXTRecords/ directory. These records are identified

using a FORTRAN CHARACTER#12 variable as follows

INTEGER I

CHARACTER*12 NAMREC

CHARACTER*3 NREC

WRITE(NAMREC,’ (A1,18.8,A3)’) °C’,I,NREC

where the variable NREC can take the following values:
e DIM for dimensioning information;
e SMR for the radial mesh description;
e SMX for the z-directed mesh description;
e SMY for the y-directed mesh description;
e SMZ for the z-directed mesh description;
e MIX for physical mixture description;
e HOM for virtual mixture description;
e VSE for areas and volumes results;
e VSI for local surfaces and regions identification;
e RID for final region numbering;
e SID for final surface numbering
e PNT for pin contents description;

e PIN for pins location.

In Table 39, a description of the additional /NXTRecords/ records associated with cell ¢ = 1 can be

found.
Table 39: Cell ¢ = 1 records in /NXTRecords/

Name Type Condition  Units Comment

C00000001DIM I(40) array IV JGc containing the dimensioning information
required to rebuilt the cell

C00000001SMR  D(NS©) cm  array rJGc containing the cell radial mesh description

C00000001SMX  D(N$©) cm  array :c;}c containing the cell z-directed mesh de-
scription

C00000001SMY D(NF©) cm  array yJGC containing the cell y-directed mesh de-
scription

C00000001SMZ  D(NFC) cm  array szC containing the cell z-directed mesh de-
scription

continued on next page
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Cell 7 =1 records in /NXTRecords/ continued from last page

Name Type Condition  Units Comment

C00000001MIX I(N§C) array MjGC containing the cell physical mixture for
each region

C00000001HOM  I(N§C) array HJC‘C containing the cell virtual mixture for
each region

CO0000001VSE  D(—Ng§*© : N§C) array SV?C containing surface area j (SV(EgJ = §5¢

in cm for 2-D and c¢m? for 3-D problems) and regiohal
volumes j (SVS© = V.S in em? for 2-D and cm® for
3-D problems)

C00000001VSI  I(4, —N§© : N§C) array VSIS_E-J containing the location of a surface (j <
0) and a region (j > 0)

C00000001RID I(N§C) index array RIDEC associating local and global re-
gion numbering

C00000001SID I(N§©) index array SID?:Z-C associating local and global outer
surface numbering

CO0000001PNT  I(3, NE©) array PCS_E-J containing the cell pin contents

CO0000001PIN D(—1:4, Nlcgc) array pg?containing the location of the pins in cell

Note that the record names above are built using the following FORTRAN instructions:
WRITE(NAMREC,’ (A1,I8.8,A3)’) ’C’,i,NAMEXT

The cell dimensioning array NS¢ for cell 4 contains the following information:

o NEC cell geometry type (see the definition of S in Section 3.2);

e N$© dimensions of the radial mesh array;

e N$C dimensions of the z-directed mesh array;

e NEC dimensions of the y-directed mesh array;

e N&C dimensions of the z-directed mesh array;

e N§C dimensions of the mixture record;

o N&C geometry level (1 for cell);

e N&C number of regions in the cell before symmetry considerations;

e N&C number of surfaces in the cell before symmetry considerations;

e N 1%0 number of regions in the cell after symmetry considerations;

e NSC number of surfaces in the cell after symmetry considerations;

e NGC first global region number for cell;

° N%C last global region number for cell;

o NGC first global surface number for cell;
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e NGC last global surface number for cell;

e N 1%0 number of pin cluster geometries in cell;

NEC first pin cluster geometry associated with cell;

N{FC total number of pins in cell;

e NGC number of times this cell is used in the global cell.

while the remaining elements are not used.
The array ZCJGC contains the following information:
o 260
the Cartesian mesh in direction z. This center is located at:
Ge GC
_ Inz + IO
Te= —+———
2
where we have used n® = N§*©.

GC

e 259 and z$C are the lower and upper z limits of mesh element j (j = 1,n%).

The array yJGc contains the following information:

67

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

e yS¢ 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:

S0+

Ye 2

where we have used n¥ = NJC.
° y]G_Cl and yfc are the lower and upper y limits of mesh element j (j = 1,nY).
The array zJGc contains the following information:

° z(ff
the Cartesian mesh in direction z. This center is located at:
ZSZC + Z(()}C

Ze = —

where we have used n* = NS,
e 29 and 2§ are the lower and upper z limits of mesh element j (j = 1,n7).
The array 7‘?0 contains the following information:
o 780 =1§C =0.
° rﬁcl <r< r?c describes the position in 7 of mesh element j (j = 1, N§*©).

The array pJGc contains the following information:

e p©{ is the angular position of z-, z- or y-directed pin with respect to the z, y or z axis.

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

e p§© is the radial position of -, 7- or y-directed pin with respect to the z —y, y — 2 or z — x center

of the cell where the pin is located.

e p§C is the height of a 2-directed pin.
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e p§C is the height of a y-directed pin.

° p3GC is the height of a z-directed pin.

e p§C is the outer radius of the pin.

68

In Table 40, a description of the additional /NXTRecords/ records associated with pin ¢ = 1 can be
found. These records are identified using a procedure similar to that used for cell records, namely

INTEGER

I

CHARACTER*12 NAMREC
CHARACTER*3 NREC
WRITE(NAMREC,’ (A1,I8.8,A3)’) ’P’,I,NREC

where the variable NREC can take the same values as for cell records, except for NREC=PNT and NREC=PIN
which are now forbidden.

Table 40: Pin 7 = 1 records in /NXTRecords/

Name Type Condition  Units Comment

P00000001DIM 1(40) array N J-GP containing the dimensioning information
required to rebuilt the pin

PO0000001SMR D(NS$T) cm - array rJGp containing the pin radial mesh description

P00000001SMX D(NS$F) cm  array :c;}P containing the pin z-directed mesh de-
scription

P00000001SMY D(NEF) cm  array yJGP containing the pin y-directed mesh de-
scription

P00000001SMZ D(NESF) cm  array zJGp containing the pin z-directed mesh de-
scription

PO0000001MIX I(N§'T) array MjGP containing the pin physical mixture for
each region

PO0000001HOM I(NET) array HJGP containing the pin virtual mixture for
each region

PO0000001VSE D(—N§F : NFT) array SV?P containing surface area j (SV(_};-D =S¢
in cm for 2-D and c¢m? for 3-D problems) and regional
volumes j (SV?P = VjGP in cm? for 2-D and cm? for
3-D problems)

P00000001VST  I(4, —N§T : NFT) array VSI,?; containing the location of a surface (j <
0) and a region (j > 0)

PO0000001RID I(N$'T) index array RIDJGP associating local and global re-
gion numbering

P00000001SID I(N$T) index array SID%P associating local and global outer
surface numbering

The pin dimensioning array NS contains the following information:

° NSP pin geometry type (see the definition of S& in Section 3.2);

e N$P dimensions of the radial mesh array;
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° N?SP dimensions of the z-directed mesh array;
o N fp dimensions of the y-directed mesh array;
e N§F dimensions of the z-directed mesh array;
° NGCfP dimensions of the mixture record;
o N%P geometry level (2 for pins);
° Ngcfp number of regions in the pin before symmetry considerations;
° NQCfP number of surfaces in the pin before symmetry considerations;
e NP number of regions in the pin after symmetry considerations;
e NEP number of surfaces in the pin after symmetry considerations;
e NP first global region number for pins in cluster;
e N{P last global region number for pins in cluster;
e N{PF first global surface number for pins in cluster;
e NEP last global surface number for pins in cluster;
o NP first pin cluster geometry for pins in cluster.
e NP total number of pins in cluster.
while the remaining elements are not used. The array :CJGP contains the following information:

e 75 contains the displacement of the center of the cylindrical region with respect to the center of

the Cartesian mesh in direction x. This center is located at:

zGF + af®
Lo = ———F——
2
where we have used n* = N$F.

° x?_Pl and xgp re the lower and upper « limits of mesh element j (j = 1,n%).

The array ngp contains the following information:

e ySF 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:

o — Unt 96T
¢ 2
where we have used n¥ = N&F.

° y]G_Pl and yfp are the lower and upper y limits of mesh element j (j = 1,nY).

The array ZJGP contains the following information:
e 2P 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:
2GP 4 26
2

Ze =

where we have used n* = NS,
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e 27 and zJGp are the lower and upper z limits of mesh element j (j = 1,n%).

The array rfp contains the following information:

o 8P =GP = 0.

° r;}i <r< r;}P describes the position in r of mesh element j with j = 1, NJF.

Finally the /NXTRecords/ directory also contains records associated with global identification of the

surfaces and volumes as illustrated in Table 41.

Table 41: Global geometry records in /NXTRecords/

Name Type Units Comment

TrackingDnsA D(S})) array D; containing the spatial spacing for each track
direction

TrackingDirc D(NFCG SE)) array a; ; containing the director cosine for axis j for
each track direction

TrackingOrig D(N{FY N, Sh) array Ly ;; containing the origin in space (k =
1, NF9) and the direction of the normal plan for each
plane j and track direction

TrackingWigtD D(S)) array W, containing the integration weight for each
track direction

NumMerge L, L(N§S) merging indices used for normalizing the tracks

VolMerge Ly D(NSE) volumes used for normalizing the tracks

VTNormalize, D(N$Y) array R; containing the ratio of the analytical and
numerical volume for each region

VINormalizeD D(N$Y, S)) array R; containing the ratio of the analytical and
numerical volume for region i for each track direction

KEYMRGLLuuuu  L(— NS 0 NG9 array MRG; containing the global merging index

MATALB uuun  1(=NSE 0 NG9 array containing the albedo number associated with
each surface and the physical mixture number asso-
ciated with each region

HOMMATALB, i, I(—NQGQG : NQGBG) array containing the albedo number associated with
each surface and the virtual mixture number associ-
ated with each region

SAreaRvolume D(—NSC @ NGCO) array containing the area (S, in cm for 2-D and ¢cm?
for 3-D problems) and volumes (V; cm? for 2-D and
cm? for 3-D problems) of each external surface and
region in the geometry
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4.5

The mccgt dependent records on a /tracking/ directory

When the MCCGT: module is used (CDOOR="MCCG’), an additional state vector named MCCG-STATE
is set in EXCELT: data structure. The components M! of MCCG-STATE are:

M (LCACT) The polar quadrature type used with the method of characteristics

Gauss-Legendre

CACTUS type 1

CACTUS type 2

McDaniel

McDaniel with P; constraint
Gauss optimized.

T W N~ O

Mb: (NMU) The order of the polar quadrature.

MY: (KRYL) GMRES acceleration switch:

0 free inner iterations
M =< >1 GMRES(M}) acceleration of inner iterations
<1 Bi-CGSTAB acceleration of inner iterations

M{: (IDIFC) Type of solution operator:

0 transport flux solution selected
M} =< 1 CDD diffusion flux solution selected (no inner iterations are performed
in this case, only an ACA resolution is performed)

ME: (NMAX) The maximum number of elements in a single track.
MyE: (LMCU) The dimension of the connection matrix MCU.

ML: (IACC) ACA preconditioning switch:

ME — 0 mno ACA preconditioning
"7 | >1 ACA preconditioning of inner/multigroup iterations

If the number of inner iterations is set to 1, ACA is used as a rebalancing technique for multigroup
iterations and MY is the maximum number of iterations allowed to solve the ACA system.

My (ISCR) SCR preconditioning switch:

M — 0 no SCR preconditioning
87 1 >1 SCR preconditioning of inner/multigroup iterations

If the number of inner iterations is set to 1, SCR is used as a rebalancing technique for multigroup
iterations and My} is the maximum number of iterations allowed to solve the SCR system.

MY (LPS) The dimension of the surface-to-region collision probabilities array if SCR is used.

M/, (ILU) The type of preconditioning for the resolution with BICGSTAB of the ACA corrective
system if ACA is used:

0 no preconditioning
M, = 1 diagonal preconditioning
> 2 ILUO preconditioning
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e Mt : (ILEXA) Flag to force the usage of exact exponentials for preconditioner calculation:

+ _ J 0 mnot forced
M _{ 1 forced

M, (ILEXF) Flag to force the usage of exact exponentials for flux calculation:

¢+ | 0 not forced
Miz _{ 1 forced

t4: (MAXI) Maximum number of inner iterations.

Mt ,: (LTMT) Flag for the usage of a tracking merging technique while building the ACA matrices
in order to obtain a two-step ACA acceleration:

+ _ J 0 no tracking merging
471 1 tracking merging

M. (STIS) Flag for the flux integration strategy by the characteristics method:

0 direct approach with asymptotical treatment
M= 1 “Source term isolation” approach: optimized strategy with asymptotical treatment
—1 "MOCC/MCTI”-like approach: optimized strategy without asymptotical treatment

Mty (NPJIIM) Effective number of angular mode-to-mode self-collision probabilities to be calculated
per group and region if Mi{; =1 e.g.

anisotropy | 2D | 3D
Py 1 1
P 4 7
P 13 | 27
Ps 31 | 76

MY,: (LMCUO) Effective number of non-diagonal elements to store for the ILUO decomposition for
ACA preconditioning.

M'g: (IFORW) Flag to set the solution type for the ACA and characteristics system:

Mt — 0 direct solution
1871 1 adjoint solution

My: (NFUNL) Number of spherical harmonics components used to expand the flux and the sources.

Mb,: (NLIN) Number of polynomial components used to expand the flux and the sources in space.

The following records will also be present on the main level of a /tracking/ directory.
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Table 42: The MCCGT: records in /tracking/

Name Type Condition Units Comment

MCCG-STATE.,, 1(40) Vector describing the various parameters associated
with this data structure M!, as defined in Sec-
tion 4.5.

REAL-PARAM,,, R(4) Real parameters R; for the MCCG tracking.

XMU$MCCG L, R(MY) Inverse of the polar quadrature sines.

ZMU$MCCG R(Mg) Cosines of the polar quadrature set.

WZMUSMCCG, L R(Mg) Weights of the polar quadrature set.

PI$MCCGLLLLL  I(Ndim) St >0 Permutation array for ACA according to igq =
I(inew). The dimension of this array is

S+ SE it SE=0;
Naim = {3{ if St = 1.

INVPI$MCCG,, I(S!+ St Sis >0 Inverse permutation array for ACA iney = (io1q)

NZON$MCCG ., I(St + SE) Index-number of the mixture type assigned to each
volume and the albedo number assigned to each sur-
face.

NZONA$MCCG,, I(S+ Si) Sis >0 Index-number of the mixture type assigned to each
volume and the albedo number assigned to each sur-
face (-7 for void boundary conditions).

V$MCCGLLLuun  R(SE + SE) Volumes and numerical surfaces.

VA$MCCGLuuu  R(SE + SE) Sio >0 Renumbered Volumes and numerical surfaces.

KM$MCCGLLLLL  1(Ndim) ML >0 Connection matrix for ACA.

IM$MCCGLLuy  I(Naim + 1) ML >0 Connection matrix for ACA.

MCU$MCCG Ly [(ME) ML >0 Connection matrix for ACA.

t
JUSMCCGLuLLL I(Ndim) {Sl‘r’t >0 Used for ILUO decomposition in the preconditioning
ME > 2
of ACA system.

IS$MCCGLLLL  LI(SE) ML >0 Connection matrix for surface-to-volume probability
in SCR.

JS$MCCGLLu  [(ME) ML >0 Connection matrix for surface-to-volume probability
in SCR.

ISGNR$MCCGL, I(8(SE)?) Signs for spherical harmonics on the 8 octant angular
modes.

KEYCUR$MCCG, I(SY) S§=1 Index for outgoing currents at the domain bound-
aries.

KEYFLX$ANIS, I(St, Mb,, M) Location in unknown vector of averaged regional flux
moments.

KEYANI$MCCG, I((S§)?) Sh=1 Index for currents.

PJJIND$MCCG, I(2Miy) Mo =1 Index of modes connection for non vanishing angular
mode-to-mode self-collision probabilities

t
IMO$MCCGLLLL  I(NVdim + 1) {ﬁz i 0 Connection matrix for non-diagonal elements of
37 ILUO-ACA.

continued on next page
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The MCCGT: records in /tracking/
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continued from last page

Name Type Condition Units Comment
' ML >0 . . .
MCUOSMCCGL,  I(MY;) Mt — 3 Connection matrix for non-diagonal elements of
3 ILUO-ACA.

with the real parameter R;, representing:

e RY: Convergence criterion on inner iterations.

e RL: Step characteristics selection criterion:

RY =

B 0.0 step characteristics scheme
> 0.0 diamond differencing scheme.

e RL: Track spacing in cm for 3D prismatic tracking.

e RY: Tracking symmetry factor for maximum track length calculation during the calculation of a

3D prismatic tracking.

The following records will also be present in the /PROJECTION/ directory of a /tracking/ directory

when a prismatic tracking is considered.

Table 43: The MCCGT: records in /PROJECTION/

Name Type Condition  Units Comment

ZCOORDL L R(Mig+1) S >0  cm
INDQTSuuUUUU I(Nznd) 859 > O

VNORFLuuuiin D(Nor) Sio >0

The z—directed mesh position

Volume and surfaces index for a 3D prismatic geom-
etry. Its size is Niuq = (Nop + 1)(Mlg + 2) where
Nsp is the number of volumes and surfaces in the
initial 2D tracking

Angular dependent normalization factors for a 3D
prismatic extended tracking. Its size is Ny =
28 MY Nangl where Nyl is the number of tracking
angles in the initial 2D tracking
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4.6 The snt dependent records on a /tracking/ directory

When the SNT: operator is used (CDOOR="SN"), the following elements in the vector S! will also be
defined.

e S}: (ITYPE) Type of SN geometry:

2 Cartesian 1-D geometry

Tube 1-D geometry

Spherical 1-D geometry

Cartesian 2-D geometry

Tube 2-D geometry (R-Z geometry)
Cartesian 3-D geometry

Hexagonal 2-D geometry
Hexagonal 3-D geometry

© 00 3O U= W

e Sk (NSCT) Number of spherical harmonics components used to expand the flux and the sources.

e Sk: (IELEM) Measure of order of the spatial approximation. The Legendre polynomials (for both
HODD and DG (see Si,)) used are of order 0 (constant), 1 (linear), 2 (parabolic) or >3 (higher-
orders), corresponding to IELEM values of:

1 Constant- default for HODD
2 Linear - default for DG
3 Parabolic

>4 Higer-orders

A
I

e S{: (NDIM) Number of geometric dimensions (1, 2 or 3).
e Sy (ISCHM) Method of spatial discretisation:

1 High-Order Diamond Differencing method (HODD) — default option if unspecified
Siy =1{ 2 Discontinuous Galerkin finite element method (DG) — available if ¢ = 2,5, or 7
3 Adaptive Weighted difference (AWD) — available if S = 2,5, or 7

e Sii: (LL4) Number of mesh-centered flux components in one energy group. Generally equal to S§
except in cases where surfacic fluxes are appended to the unknown vector. S}, < 8.

e Sty: (LX) Number of elements along the X axis.
o Si,
o Sy
o St

i Sfﬁ

LY) Number of elements along the Y axis.
LZ) Number of elements along the Z axis.

Z
NLF) Order of the Sy approximation (even number > 2).

 (
+ (
+ (
: (ISCAT) Number of terms in the scattering sources:

1 Isotropic scattering in the laboratory system
Sis = 2 Linearly anisotropic scattering in the laboratory system
n order n — 1 anisotropic scattering in the laboratory system

e Si;: (IQUAD) Type of angular quadrature:

1 Level symmetric, Lathrop and Carlson type

Level symmetric, optimized pq values

Level symmetric, compatible with code SNOW
Legendre-Chebyshev quadrature

symmetric Legendre-Chebyshev quadrature

quadrupole range (QR) quadrature

Gauss-Legendre and Gauss-Chebyshev product quadrature

t
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: (IFIX) Flag for negative flux fixup:

Sto— 0 Non enabled
1871 1 Enabled

: (IDSA) Flag for synthetic diffusion acceleration:

Sto— 0 Non enabled
1971 1 Enabled

(NSTART) Type of acceleration for the scattering iterations:

Sto— 0 GMRES non enabled; use a one-parameter Livolant acceleration
2071 >0 Restarts the GMRES method every NSTART iterations

: (NSDSA) The synthetic acceleration is applied on every other S84, number of inner flux iterations.

: (MAXI) Maximum number of inner iterations (resp. maximum number of GMRES(m) iterations

if 8§, > 0).

i 553

° Sis:

o Sl

t

: (ILIVOL) Flag for enabling/disabling Livolant acceleration method.

St.o— 0 Non enabled
27 1 1 Enabled

: (icl1) number of free iterations in the Livolant method.
(ic12) number of accelerated iterations in the Livolant method.

: (ISPLH) Type of hexagonal mesh splitting if S§ > 8:

Sto— 1 3 lozenges per hexagon
26 K 3 x K x K lozenges per hexagon

: (INSB) Flux vectorization option where

0 Scalar algorithm. The multigroup flux is computed as a sequence of one-group
solutions using Gauss-Seidel iterations.

1 Vectorial algorithm. The multigroup flux is computed in parallel for a set of energy
groups.

¢ _
So7 =

(NOMP) Type of OpenMP multithreading strategy in 2D and 3D geometries where

Sto— 0 Standard energy group and discrete angle nested loops
2827 1 M Domino type nested loops with M x M or M x M x M macrocells
: (IGAV) Type of condition at axial axis for cylindrical and spherical 1D geometries where

1 Specular reflection
Shy =14 2 Zero-weight reflection
3 Averaged reflection

: (LSHOOT) Flag for enabling/disabling the shooting method in 1D.

St 0 Non enabled
3071 1 Enabled
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e Si,: (IBFP) Type of equation solved by the discrete ordinates method.

0 Boltzmann transport equation

1 Boltzmann Fokker-Planck equation with Galarkin energy propagation factors

2 Boltzmann Fokker-Planck equation with Przybylski and Ligou energy propagation
factors

t
831_

e Sly: (NMPI) Type of MPI parallelisation strategy in 2D and 3D geometries using WYVERN where

Sto— 1 parallelisation over number of angular directions per octant/dodecant.
287 1 M parallelisation over both angles and macrocells with M x M or M x M x M macrocells in 2D

e Sij: (ISOLVSA) Type of solver to be used for the synthetic acceleration. Note that TRIVAC
generally works better and is faster with hexagonal geometries for the matrix assemblies. Also, for
3D geometries, TRIVAC has to be chosen.

st _ {1 BIVAC
3371 2 TRIVAC

e Si,: (NFOU) Number of frequencies to be investigated in 1D Fourier analysis along the range [0, 2%)
where L is the length of the slab.

e S!.: (EELEM) Measure of order of the energy approximation for the continuous slowing-down term of
the Boltzmann Fokker-Planck equation. The Legendre polynomials (for both HODD and DG (see
Si)) used are of order 0 (constant), 1 (linear), 2 (parabolic) or >3 (higher-orders), corresponding
to EELEM values of:

Constant- default for HODD
Linear - default for DG
Parabolic

Higer-orders

t
835_

ISJCR N

>

e Sis: (ESCHM) Method of energy discretisation for the continuous slowing-down term of the Boltz-
mann Fokker-Planck equation:

1 High-Order Diamond Differencing method (HODD) — default option if unspecified
St =< 2 Discontinuous Galerkin finite element method (DG) — available if ¢ = 2,5, or 7
3 Adaptive Weighted difference (AWD) — available if S = 2,5, or 7

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

Table 44: The snt records in /tracking/

Name Type Condition Units Comment

NCODE_ uuun 1(6) Record containing the types of boundary conditions
on each surface. =0 side not used; =1 VOID; =2
REFL; =4 TRAN. NOODE(5) and NOODE(6) are not
used.

ZCODE_ uuuuy  R(6) 1 Record containing the albedo value (real number) on
each surface. ZOODE(5) and Z0OODE(6) are not used.

continued on next page
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continued from last page

Name Type Condition  Units Comment

KEYFLX$ANIS, I(S, St * *SE, St) Location in unknown vector of averaged regional flux
moments.

DSA_Luuuuuun Dir 8{9 =1 Sub-directory containing the data related to the dif-
fusion synthetic acceleration using BIVAC (2D) or
TRIVAC (3D). The specification of this directory is
given in Section 4.7 or in Section 4.8

EPST uuuuun R(1) 1 Record containing the convergence criterion on inner

iterations.

If 8¢ = 2 (Cartesian 1-D geometry), the following records will also be present on the main level of a
/tracking/ directory.

Table 45: The snt records in /tracking/ (Cartesian 1-D geometry)

Name Type Condition  Units Comment

Uouoouooouon R(SE5) 1 Base points of the angular Gauss-Legendre quadra-
ture.

Wouuouuououooun R(ST5) 1 Weights of the angular Gauss-Legendre quadrature.

PLosouooouun R(SEg, St5) 1 Discrete values of the Legendre polynomials on the
quadrature base points.

WXooouooooon R(SE+1) 1 Weights of the incoming and moments fluxes in the
spatial closure relations for the streaming term.

WELLoououoon R(S%5 + 1) S #0 1 Weights of the incoming and moments fluxes in the
energy closure relations for the continuous slowing-
down term of the Boltzmann Fokker-Planck equa-
tion.

CSTuuuuuuuun  R(max{SE, Si:1) 1 Normalized Legendre polynomials (defined over -1/2
to 1/2) value at boundaries.
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If S& = 3 (Tube 1-D geometry), the following records will also be present on the main level of a
/tracking/ directory. The number of discrete directions in two octants Nangl and the number of spherical
harmonics components of the flux N, are given in term of the Sy order N = Si; as

Non

Nangl -

1
2
St
=—|1
B +

IN(1+ 5, st <10
N2

otherwise.

1
> + 5(1 + Si6) (Stgmod 2)

Table 46: The snt records in /tracking/ (tube 1-D geometry)

Name Type Condition  Units Comment

JOPLLuuuuuun L(N/2) Number of base points in each & level.

ULuuouuououn R(N/2) Base points (levels) of the angular quadrature in £
(positive values).

UPQuuuuuuuun R(Nang) Direction cosines of the angular two-octants spheri-
cal harmonics quadrature in .

WPQuuuuuuuus R(NVangt) Weights of the angular two-octants spherical har-
monics quadrature.

ALPHALGuuuun R(Nangl) Angular redistribution parameters.

PLZ, L uuuuuuw R(an, N/2) Discrete values of the real spherical harmonics on the
zero-weight base points.

PLouuuuuuoun R(Npn, Nangt) Discrete values of the real spherical harmonics on the
quadrature base points.

SURFLuuuuuuL R(ng + 1) Surfaces.

If St = 4 (Spherical 1-D geometry), the following records will also be present on the main level of a
/tracking/ directory.

Table 47: The snt records in /tracking/ (spherical 1-D geometry)

Name Type Condition  Units Comment

Uouuououooun R(SE5) Base points of the angular Gauss-Legendre quadra-
ture.

Wouoooooooon R(SE5) Weights of the angular Gauss-Legendre quadrature.

ALPHA Luuun R(SY5) Angular redistribution parameters.

PLZuuouooun R(Sig) Discrete values of the Legendre polynomials on the

zero-weight base points at = —1.

continued on next page
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continued from last page

Name Type Condition  Units Comment

PLosouououun R(Sig, Sts) Discrete values of the Legendre polynomials on the
quadrature base points.

SURFLLuuuuuu R(ng +1) Surfaces.

XXX Luuuuuuou R(ng + 1) Mesh—edge radii.

If 8¢ = 5 (Cartesian 2-D geometry) or S = 6 (R-Z geometry), the following records will also be
present on the main level of a /tracking/ directory. The number of discrete directions in four octants
(including zero-weight points) Nang and the number of spherical harmonics components of the flux Ny,
are given in term of the Sy order N = Si; as

1
Nangl = E(N +4)N

t

S
Npn = % (1+8i6)

Table 48: The snt records in /tracking/ (Cartesian 2-D and R-Z

geometries)

Name Type Condition  Units Comment

DULLuuuuuuun R(Nangt) 1 Direction cosines of the angular four-octants spheri-
cal harmonics quadrature in p.

DELuuuuuuuun R(Nang) 1 Direction cosines of the angular four-octants spheri-
cal harmonics quadrature in 7.

Wouuuuuuouuy R(Nangt) 1 Weights of the angular four-octants spherical har-
monics quadrature.

MRMuuuouoous I(NVangt) Quadrature offsets.

MRMY ouuoon I(NVangt) Quadrature offsets.

DBLuuuuuuuun R(Ste, Nang) 1 Diamond-scheme parameter.

DALLLLLuuuL R(SYs, Stsy Nangt) 1 Diamond-scheme parameter.

DAL LLuuuuuu  R(STs, Sts Nangl) St =6 1 Angular redistribution parameters.

PLouuuuuuoun R(Npn, Nangt) 1 Discrete values of the real spherical harmonics on the
quadrature base points.

WXLuoowoooou R(SE+1) 1 Weights of the incoming and moments fluxes in the
spatial closure relations for the streaming term.

WELLuuuuuuun R(SE5 + 1) S #0 1 Weights of the incoming and moments fluxes in the
energy closure relations for the continuous slowing-
down term of the Boltzmann Fokker-Planck equa-
tion.

CSTuLLuuuuuy  R(max{SE, Si-}) 1 Normalized Legendre polynomials (defined over -1/2

to 1/2) value at boundaries.
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If 8§ = 7 (Cartesian 3-D geometry), the following records will also be present on the main level of
a /tracking/ directory. The number of discrete directions in height octants Nang and the number of
spherical harmonics components of the flux Ny, are given in term of the Sy order N = S}, as

Nangl = (N + 2)N

Npn = (1+8%)°

Table 49: The snt records in /tracking/ (Cartesian 3-D geometry)

Name Type Condition  Units Comment

DULLuuuuuuun R(NVang) 1 Direction cosines of the angular height-octants spher-
ical harmonics quadrature in pu.

DELuuuuuuuun R(Nangl) 1 Direction cosines of the angular height-octants spher-
ical harmonics quadrature in 7.

DZ uuuwuuuuuu  R(NVang) 1 Direction cosines of the angular height-octants spher-
ical harmonics quadrature in €.

Wl R(Nangl) 1 Weights of the angular height-octants spherical har-
monics quadrature.

MRMX L Luunouun I(Nangl) Quadrature offsets.

MRMY uuuuuu I(Nang1) Quadrature offsets.

MRMZ L uuuuu I(Nang1) Quadrature offsets.

DCLuLuuwuwuuun R(SYs, Sts, Nangl) 1 Diamond-scheme parameter.

DBuLLuwuoun R(SYs, Sty Nangl) 1 Diamond-scheme parameter.

DALLLLuuuoun R(Sts, Stys Nangl) 1 Diamond-scheme parameter.

PLouuuuuouun R(Npn, Nangt 1 Discrete values of the real spherical harmonics on the
quadrature base points.

WXooouooooon  R(SE + 1) 1 Weights of the incoming and moments fluxes in the
spatial closure relations for the streaming term.

WELuuuoooouu  R(Sk5 + 1) Si #0 1 Weights of the incoming and moments fluxes in the
energy closure relations for the continuous slowing-
down term of the Boltzmann Fokker-Planck equa-
tion.

CSTuLuuuuuuu  R(max{SE, Sis}) 1 Normalized Legendre polynomials (defined over -1/2
to 1/2) value at boundaries.
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4.7 The bivact dependent records on a /tracking/ directory

When the BIVACT: operator is used (CDOOR=’BIVAC’), the following elements in the vector S} will
also be defined.

e St: (ITYPE) Type of BIVAC geometry:

Cartesian 1-D geometry
Tube 1-D geometry
Spherical 1-D geometry
Cartesian 2-D geometry
Tube 2-D geometry
Hexagonal 2-D geometry

S

0 O Ut = W N

e SI: (IHEX) Type of hexagonal symmetry if Sf = &:

non-hexagonal geometry
S30

SA60

SB60

S90

R120

R180

SA180

SB180

COMPLETE

© 00O U= Wi —= O

e Si: (IELEM) Type of finite elements:

<0 Order —S} primal finite elements

>0 Order S dual finite elements. The Thomas-Raviart or Thomas-Raviart-Schneider
method is used except if S§ = 4 in which case a mesh-centered finite difference
approximation is used

Sh=

e St: (ICOL) Type of quadrature used to integrate the mass matrix:

Analytical integration

Gauss-Lobatto quadrature (finite difference/collocation method)
Gauss-Legendre quadrature (superconvergent approximation)
mesh-centered finite difference approximation in hexagonal geometry

St =

=W N =

e Siy: (ISPLH) Type of hexagonal mesh splitting:

1 No mesh splitting; or
3 lozenges per hexagon with Thomas-Raviart-Schneider approximation
K 6x (K —1)x (K —1) triangles per hexagon with finite-difference approximations
3 x K x K lozenges per hexagon with Thomas-Raviart-Schneider approximation

t
810_

e Sti: (LL4) Order of the group-wise matrices. Generally equal to S§ except in cases where averaged
fluxes are appended to the unknown vector. Sf; < Sk.

e Siy: (LX) Number of elements along the X axis in Cartesian geometry or number of hexagons.

e Sii: (LY) Number of elements along the Y axis.
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e St,: (NLF) Number of components in the angular expansion of the flux. Must be a positive even
number. Set to zero for diffusion theory. Set to 2 for P; method.

e St.: (ISPN) Type of transport approximation if NLF# 0:

St — 0 Complete P, approximation of order NLF—1
1571 1 Simplified P, approximation of order NLF—1

e Slg: (ISCAT) Number of terms in the scattering sources if NLF# 0:

t
Sie =

1 Isotropic scattering in the laboratory system
2 Linearly anisotropic scattering in the laboratory system
n order n — 1 anisotropic scattering in the laboratory system

A negative value of S}y indicates that 1/3D9 values are used as X cross sections.

e Si.: (NVD) Number of base points in the Gauss-Legendre quadrature used to integrate void boundary
conditions if ICOL = 3 and NLF# 0:

t o
Sir =

0 Use a (NLF+1)-point quadrature consistent with Pyprp—_1 theory
1 Use a NLF—point quadrature consistent with Snpr theory
2 Use an analytical integration consistent with diffusion theory

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

Table 50: The bivact records in /tracking/

Name Type Condition Units Comment

NCODE_ uuun 1(6) Record containing the types of boundary conditions
on each surface. =0 side not used; =1 VOID; =2
REFL; =4 TRAN; =5 SYME; =7 ZERO. NOODE(5)
and NOODE(6) are not used.

ZCODE_ L Luuuu  R(6) 1 Record containing the albedo value (real number) on
each surface. ZOODE(5) and Z0OODE(6) are not used.

SIDE Luuuwuu  R(1) SE=8 cm  Side of a hexagon.

XXuuouooooon R(SY) St#8 cm  Element-ordered X-directed mesh spacings after
mesh-splitting for type 2 and 5 geometries. Element-
ordered radius after mesh-splitting for type 3 and 6
geometries.

YY Loooouuuo R(S‘f ) Sé =5o0r6 cm FElement-ordered Y-directed mesh spacings after
mesh-splitting for type 5 and 6 geometries.

DDLuuuuuuun - R(SY) Sk=3o0r6 cm Element-ordered position used with type 3 and 6 ge-
ometries.

KNUoooooooon . I( Ny x S1) Element-ordered unknown list. Ny, is the number of
unknowns per element.

QFRLLLLuuL R(Nsurr X SY) Element-ordered boundary condition. Ny = 4 in
Cartesian geometry and = 6 in hexagonal geometry.

IQFRuLLLuuLy I(Nsurr X SY) Element-ordered physical albedo indices. Nyt = 4

in Cartesian geometry and = 6 in hexagonal geome-
try.

continued on next page
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continued from last page

Name Type Condition Units Comment

BFRLLLLuuun R(Nsure X S{) Element-ordered boundary surface fractions.

MULLLLLoooon 1(SE) Indices used with compressed diagonal storage mode
matrices.

IPERT Louuun  1(Sty x (S6)?)  * Mixture permutation index. This information is pro-
vided if and only if S§f =8, S > 0 and S} < 3.

BIVCOL uuu Dir Sub-directory containing the unit matrices (mass,
stiffness, nodal coupling, etc.) for a finite element
discretization.

The following records will be present on the /BIVCOL/ sub-directory:

Table 51: Description of the /BIVCOL/ sub-directory

Name Type Condition  Units Comment

Tououoooouuy R(L) Cartesian linear product vector. L = [S§|+ 1

TSuuuuuuouun R(L) Cylindrical linear product vector.

Ruvuuououuun R(L x L) Cartesian mass matrix.

RSuuuuuuuwn R(L x L) Cylindrical mass matrix.

Quuuuuouuoun R(L X L) Cartesian stiffness matrix.

QSuuuuuuuuun R(L x L) Cylindrical stiffness matrix.

Vouoooooooon R(D x (L —1)) Nodal coupling matrix.

Hououoooooon R(L x (L —1)) Piolat transform coupling matrix (used with
Thomas-Raviart-Schneider method).

Euouuououun R(L x L) Polynomial coefficients.

RHLuLLuuuuun R(6%6) Hexagonal mass matrix.

QHLLuuLuuuLn - R(6X6) Hexagonal stiffness matrix.

RTuuuuuuuuun R(3%3) Triangular mass matrix.

QTuuuuouuoun R(3%3) Triangular stiffness matrix.
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4.8 The trivat dependent records on a /tracking/ directory

A TRIVAC-type tracking data structure is holding the information related to the ADI partitionning
of the system matrices in 1D, 2D or 3D. A one-speed discretization of the diffusion equation leads to a
matrix system of the form

A®=S (4.1)

where ® may contains different types of unknowns: flux values, current values, polynomial coefficients,
ete.

The matrix A can be splitted in different ways. Many TRIVAC discretizations in Cartesian geometry
are based on the following ADI splitting:

A =U+P,XP; + P, YP, +P,ZP, (4.2)
where
U = matrix containing the diagonal elements of A
X,Y,Z = symetrical matrices containing the nondiagonal elements of A
P.,Py,P, = permutation matrices that ensure a minimum bandwidth for matrices X, Y and Z.

Similarly, many discretizations in hexagonal geometry are based on the following ADI splitting:
A =U+P,WP +P,XP, +P,YP, +P,ZP, . (4.3)

The diffusion equation can also be solved using a Thomas-Raviart polynomial basis together with a
mixte-dual variational formulation. In this case, the following splitting will be used in Cartesian geometry:

Ay 0 0 —Rx
- 0 A, 0 -R,
A= 0 0 A, -R, (4.4)
-R] —R;,r -R,] -T
Similarly, we use the following ADI splitting in hexagonal geometry:
A, Cl, Cuy 0 —Ry
Cxw Ax C;x 0 —Rx
A=|C), Cyx A, 0 -R, (4.5)
0 0 0 A, -R,
"R}, -R] -R] -R] -T

When the TRIVAT: operator is used (CDOOR=’TRIVAC’), the following elements in the vector S! will
also be defined.

e St: (ITYPE) Type of TRIVAC geometry:

Cartesian 1-D geometry
Tube 1-D geometry

Cartesian 2-D geometry
Tube 2-D geometry

Cartesian 3-D geometry
Hexagonal 2-D geometry
Hexagonal 3-D geometry

1o}
Il
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e SI: (IHEX) Type of hexagonal symmetry if Sf > 8:

© 00 O U= W= O

non-hexagonal geometry
S30

SA60

SB60

S90

R120

R180

SA180

SB180

COMPLETE

e Sl: (IDIAG) Diagonal symmetry flag if S§ =5 or = 7. St = 1 if diagonal symmetry is present.

e S{: (IELEM) Type of finite elements:

St— <0 Order —&¢ primal finite elements
971 >0 Order & dual finite elements

e S}y (IcOL) Type of quadrature used to integrate the mass matrix:

1
Sip=1 2
3

Analytical integration
Gauss-Lobatto quadrature (finite difference/collocation method)
Gauss-Legendre quadrature (superconvergent approximation)

e Sti: (LL4) Order of the group-wise matrices. Generally equal to S§ except in cases where averaged
fluxes are appended to the unknown vector. Sf; < Sk.

e St,: (ICHX) Type of discretization algorithm:

1

2

312 =

Tt

[=p}

Variational collocation method (mesh-corner finite differences or primal finite
elements with Gauss-Lobatto quadrature). Eq. (4.2) or Eq. (4.3) is used.

Dual finite element approximation (Thomas-Raviart or Thomas-Raviart-Schneider
polynomial basis). Eq. (4.4) or Eq. (4.5) is used.

Nodal collocation method with full tensorial products (mesh-centered finite
differences or dual finite elements with Gauss-Lobatto quadrature). Eq. (4.2) or
Eq. (4.3) is used.

Coarse mesh finite differences (CMFD) method.

Nodal expansion method (NEM).

Analytic nodal method (ANM).

e Si;: (ISPLH) Type of hexagonal mesh splitting if S¢ > 8:

1 No mesh splitting (full hexagons); or

t
813_

3 lozenges per hexagon with Thomas-Raviart-Schneider approximation

K 6x (K —1)x (K —1) triangles per hexagon with finite-difference approximations

3 x K x K lozenges per hexagon with Thomas-Raviart-Schneider approximation

e S!,: (LX) Number of elements along the X axis in Cartesian geometry or number of hexagons in

one axial plane.

e Sio: (LY) Number of elements along the Y axis.

e Sls: (LZ) Number of elements along the Z axis.
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e Si.: (ISEG) Number of components in a vector register (used for supervectorial operations). Equal
to zero for operations in scalar mode.
e Stg: (IMPV) Print parameter for supervectorial operations.
e Sty: (LTSW) Maximum bandwidth for supervectorial operations (= 2 for tridiagonal matrices).

e Siy: (LONW) number of groups of linear systems for matrices W + PJ UPy, or Ay, + R, T 'R/,
(used for supervectorial operations)

e S4: (LONX) number of groups of linear systems for matrices X + P UPy or Ax +R,T IR (used
for supervectorial operations)

e Si,: (LONY) number of groups of linear systems for matrices Y + Py UPy or Ay +RyT 'R (used
for supervectorial operations)

e Sh.: (LONZ) number of groups of linear systems for matrices Z + P} UP, or A, + R, T 'R] (used
for supervectorial operations)

e Sty (NRO) Number of radii used with the cylindrical correction algorithm for the albedos. Equal
to zero if no cylindrical correction is applied.

e Si.: (LLAF) Order of matrices T if S{, = 2 or number of average flux components if S, = 4
o Sis: (LL4AW) Order of matrices Ay if Siy = 2

e Si.: (LL4X) Order of matrices Ay if Sf, = 2 or number of X —directed net current components if
Siy=4

e Sig: (LL4Y) Order of matrices Ay if Siy = 2 or number of Y —directed net current components if
Sip =4

e Siy: (LL4Z) Order of matrices A, if Si, = 2 or number of Z—directed net current components if
Sty =4

e Sy (NLF) Number of components in the angular expansion of the flux. Must be a positive even
number. Set to zero for diffusion theory. Set to 2 for P method.

e Si,: (ISPN) Type of transport approximation if NLF# 0:

St 0 Complete P, approximation of order NLF—1 (currently not available)
3171 1 Simplified P, approximation of order NLF—1

e Si,: (ISCAT) Number of terms in the scattering sources if NLF# 0:

1 Isotropic scattering in the laboratory system
Sk, = 2 Linearly anisotropic scattering in the laboratory system
n order n — 1 anisotropic scattering in the laboratory system

A negative value of S, indicates that 1/3D9 values are used as X cross sections.
e Sls: (NADI) Number of ADI iterations at the inner iterative level.

e S!,: (NVD) Number of base points in the Gauss-Legendre quadrature used to integrate void boundary
conditions if ICOL = 3 and NLF# 0:

0 Use a (NLF+1)-point quadrature consistent with Pyrrp—1 theory
Sk, = 1 Use a NLF—point quadrature consistent with Sxpr theory
2 Use an analytical integration consistent with diffusion theory.

e Sly: (IGMAX) Hyperbolic nodal expansion functions are used in energy groups indices > IGMAX.

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



IGE-351

88

Table 52: The trivat records in /tracking/

Name Type Condition Units Comment

NCODE_uuun  1(6) Record containing the types of boundary conditions
on each surface. =0 side not used; =1 VOID; =2
REFL; =4 TRAN; =5 SYME; =7 ZERO; =8 CYLIL.

ZCODE_ L Luuuu  R(6) 1 Record containing the albedo value (real number) on
each surface.

SIDE Luuuun R(1) St>8 cm  Side of a hexagon.

XX oomoou R(S‘f) Sé <8 cm  Element-ordered X-directed mesh spacings after
mesh-splitting for type 2, 5 or 7 geometries.
Element-ordered radius after mesh-splitting for type
3 or 6 geometries.

YYouuuooooon  R(SY) St=5,60r7 cm Element-ordered Y-directed mesh spacings after
mesh-splitting for type 5, 6 or 7 geometries.

ZZ L uLLuLLLL R(S‘f) Sg =T7o0r9 cm  Element-ordered Y-directed mesh spacings after
mesh-splitting for type 7 or 9 geometries.

DD uuuuuuun - R(SY) Sk=3or6 cm  Element-ordered position used with type 3 and 6
cylindrical geometries.

KNOoooooooon 1(NVin % SY) Element-ordered unknown list. Ny, is the number of
unknowns per element.

QFRuLLLuL R(Nsurr X SY) Element-ordered boundary condition. Ng ¢ = 6 in
Cartesian geometry and = 8 in hexagonal geometry.

IQFRLLLuuuun I(Nsure X SY) Element-ordered physical albedo indices. Nyt = 6
in Cartesian geometry and = 8 in hexagonal geome-
try.

MUWoooooooon 1(SY or Sig) St > 8 Indices used with compressed diagonal storage mode
matrices W + P:;UPW or Ay + RWT_IRJ—V.

IPWLLuooooun 1(SY) St>8 Permutation vector ensuring minimum bandwidth
for matrices W + P ] UPy, or Ay, + Ry T 1R.

MUXLooooooon 1(SH or 8%.) St =0 Indices used with compressed diagonal storage mode
matrices X + PIUPx or Ay + RXT_IRI.

IPX Louuuuun I(S{l) Permutation vector ensuring minimum bandwidth
for matrices X + P] UPy or Ay + R,yTR].

MUY oooooon I(SE or Skg)  SE>5 Indices used with compressed diagonal storage mode
matrices Y + P;UPy or Ay + RnylR;.

IPY Luooooon  1(SE) SE>5 Permutation vector ensuring minimum bandwidth
for matrices Y + PJ UPy or Ay + RyT 'R/ .

MUZ ooooooon ISt or Skg)  Sk=Tor9 Indices used with compressed diagonal storage mode

matrices Z + P} UP, or A, + R,T 1R, .
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Table 53: The trivat records in /tracking/ (contd.)

Name Type  Condition Units  Comment

IPZ Louuuuun I(S{l) Sé =Tor9 Permutation vector ensuring minimum bandwidth
for matrices Z + PIUPz or A, + RZT_lR;'—.

BIVCOL uu Dir Sub-directory containing the unit matrices (mass,

stiffness, nodal coupling, etc.) for a finite element
discretization. The specification of this directory is
given in Section 4.7

The following records will also be present on the main level of a /tracking/ directory in cases where
a nodal method is used (Sf, > 4):

Table 54: The trivat records in /tracking/ (contd.)

Name Type Condition Units Comment

XXXouoooooon R(SE, +1) St =6 cm  The z—directed mesh position X;

YYYouuooooon R(Si;+1) Sy =6and S§ >5 com  The y—directed mesh position Y;

ZZZuooooon R(Sig+1) Sly=6and 8¢ =7 cm  The z—directed mesh position Z;

IMAXLooooon 1(Shs) Si, =6 X —oriented position of each first non-zero column
element.

IMAY uooooon 1(SEs) Sly=6and St > 5 Y —oriented position of each first non-zero column
element.

IMAZ Looooon 1(Shs) Sly=6and S =7 Z—oriented position of each first non-zero column

element.

The following records will also be present on the main level of a /tracking/ directory in cases where
a Thomas-Raviart or Thomas-Raviart-Schneider polynomial basis is used (S}, = 2):

Table 55: The trivat records in /tracking/ (contd.)

Name Type Condition  Units Comment

IPFLLuuuuuLL 1(555) 555 #£0 Localization vector for flux values in unknown vector.
IPBBWLLLuuun  1(288 x Sky) Sis #0 Perdue sparse storage indices for matrices Ry .
IPBBX oo 128§ x S5,) S, #0 Perdue sparse storage indices for matrices Ry.
IPBBY s 128§ x Sky) Sk #0 Perdue sparse storage indices for matrices Ry .

continued on next page
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continued from last page

Name Type Condition  Units Comment

IPBBZ Luuuun  1(288 x Sky) Siy #0 Perdue sparse storage indices for matrices R,.

WBLLLLLLLLLL - R(28E x Sk) Sis #0 Matrix component R, in Perdue sparse storage
mode.

XBuuuuuuuuuu R(28§ x SE.) Sk, #0 Matrix component Ry in Perdue sparse storage
mode.

YBuouuuuuuuw  R(28E x Sig) Sig #0 Matrix component Ry in Perdue sparse storage
mode.

ZBuuuuuuuuuu  R(28§ x Sk) Siy #0 Matrix component R, in Perdue sparse storage
mode.

IPERT Luuuon 1(Nios) SE>8 Mixture permutation index. Njos = ST, xSty x (S!5)?

CTRANLLLLLLL D(Npio X Npio)  SE> 8 Piolat current coupling matrix. Npio = (S§+1) x S§

FRZuuuouooun R(Sig) SE>8 Volume fractions related to the SYME boundary

condition in Z.

The following records will also be present on the main level of a /tracking/ directory in cases where
supervectorial operations are used (S}, # 0):

Table 56: The trivat records in /tracking/ (contd.)

Name Type Condition Units Comment

LLAVW L uouon 1(1) Order of a reordered W —matrix, including supervec-
torial fill-in. Multiple of S},

LLAVX uuouon 1(1) Order of a reordered X —matrix, including supervec-
torial fill-in. Multiple of S},

LLAVY uouon 1(1) Order of a reordered Y —matrix, including supervec-
torial fill-in. Multiple of Si,

LLAVZ uouon 1(1) Order of a reordered Z—matrix, including supervec-
torial fill-in. Multiple of S},

NBLW_ L Luuuw I(S;O) 850 #0 Number of linear systems per supervector group for
W —matrices

NBLX uuououn 1(SE,) Sk #0 Number of linear systems per supervector group for
X —matrices

NBLY_ oouoon  1(SE,) Sty #0 Number of linear systems per supervector group for
Y —matrices

NBLZ_LLuuui 1(853) 853 #0 Number of linear systems per supervector group for
Z —matrices

LBLW uuuuuun 1(Sy) Sy #0 Number of unknowns per supervector group for
W —matrices

LBLXLuuuui 1(851) 851 #0 Number of unknowns per supervector group for

X —matrices

continued on next page
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Name Type Condition Units Comment

LBLY, LLuuui 1(852) 852 #0 Number of unknowns per supervector group for
Y —matrices

LBLZ uuuuuun 1(SEs) Sk #0 Number of unknowns per supervector group for
Z —matrices

MUVWooooooon (S or Skg) St > 8 Indices used with W —directed compressed diagonal
storage mode matrices in supervector mode

MUV oooooon I(SE or 8%) S =0 Indices used with X —directed compressed diagonal
storage mode matrices in supervector mode

MUVY oooooon (S or Sk)  SE>5 Indices used with Y —directed compressed diagonal
storage mode matrices in supervector mode

MUVZ oooooon I(St or Sky)  SE=7or 9 Indices used with Z—directed compressed diagonal
storage mode matrices in supervector mode

IPVWLLLoooon  1(SY) St>8 W —directed ADI permutation matrix in supervector
mode

IPVX Luuuuuu I(S{l) X —directed ADI permutation matrix in supervector
mode

IPVY Looooon  1(SH) St>5 Y —directed ADI permutation matrix in supervector
mode

IPVZooooooon 1(ShH) Sk=Tor9 Z —directed ADI permutation matrix in supervector

mode

The following records will also be present on the main level of a /tracking/ directory in cases where
a cylindrical correction of the albedos is used (S}, # 0):

Table 57: The trivat records in /tracking/ (contd.)

Name Type Condition  Units Comment

RROLLLLLuuun R(SE,) S, #0 cm Radii of the cylindrical boundaries in the cylindrical
correction

XROuLLuuuun R(SE,)  Si, #0 cm Coordinates on principal axis in the cylindrical cor-
rection

ANGLLLLLLLLL R(SEy)  SE, #0 1 Angles for applying the cylindrical correction
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4.9 The /BIHET/ sub-directory
Table 58: The contents of the /BIHET/ sub-directory

Name Type Condition  Units Comment

PARAM uuon 1(8) Record containing the parameters related to a
double-heterogeneity tracking P;

NSLLuuuuuuun 1(Py) Number of tubes or shells in each kind of micro struc-
ture

IBILuuouown I(Ps) Type of mixture in each generating region of the
macro geometry

VOLUME,Luuu  R(Ps) cm®  Volumes of the macro geometry

RSLuuuuuuus R(Ps +1,Py) cm  Radii of the micro regions

FRACT L uuuuy  R(Pa, P2) Volume fraction of each type of micro region in each
mixture

VOLKLuuuuun  R(Pa, Ps) Volume fractions of the tubes or shells in the micro
regions

IDILuuououn L(P2 — Pr) Elementary mixture indices in the diluent of the com-
posite mixtures

MIXGRuuuuwu  L(Ps, Pa, Po — P1) Elementary mixture indices in the micro structures

with the dimension parameter P;, representing:

The number of ordinary mixtures pointing to the macrolib. P,
The number of mixtures, including the composite mixtures (i.e., containing micro structures) Ps
The number of regions in the macro geometry Ps

The number of different kinds of macro structures P, = S{"

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

The maximum number of regions (tubes or shells) in each kind of macro structure Ps = S$" — 1

The type of double-heterogeneity model Pg where
1 Sanchez-Pomraning model

Ps =< 2 Hebert model
3 She-Liu-Shi model

The type of micro structures P; = S¢" where

P — 3 Cylinder
"7\ 4 Sphere

The quadrature parameter for the 1-D collision probability calculation in the micro structures Pg
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5 Contents of a /asminfo/ directory

This directory contains the multigroup collision probabilities and response matrices required in the
solution of the transport equation.
5.1 State vector content for the /asminfo/ data structure

The dimensioning parameters for this data structure, which are stored in the state vector S{*, represent:

e The type of collision probabilities considered I = S where

Scattering reduced collision probability or response matrix
Direct collision probability or response matrix

Scattering reduced directional collision probability

Direct directional collision probability

It

[ENEUCR N

e The type of collision probability closure relation used I = S (see NORM keyword in ASM: operator
input option)

j 0 No closure relation used
¢ 1 Total reflection closure relation

e A parameter related to the albedo leakage model Iz = S§ (see ALSB keyword in ASM: operator input
option)

I — 0 No information is stored
A1 1 Groupwise escape matrices WIS are stored

e S¢ (not used)

e The option to indicate whether response matrix or collision probability matrices are stored on the
structure I, = S¢ (see PIJ and ARM keyword in ASM: operator input option)

j 1 Response matrices will be stored (the ARM keyword was selected)
P71 2 Collision probability matrices will be stored (the PIJ keyword was selected)

e The option to indicate the type of streaming model used I, = §¢ (see PIJK and ECCO keyword in
ASM: operator input option)

1 No streaming model used (a leakage model may or may not be used)
I, = { 2 Isotropic streaming model used (ECCO model)
3 Anisotropic streaming model used (TIBERE model)

e The type of collision probability normalization method used I,, = S¢ (see PNOR keyword in ASM:
operator input option)

No normalization

Gelbard normalization algorithm
Diagonal element normalization
Non-linear normalization

Helios type normalization

&
|
AW~ O
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e Number of energy groups G = S§

e Number of unknown in flux system N, = S§

Number of mixtures N,, = Sf,

Number of Legendre orders of the scattering cross sections used in the main transport solution.
Nans = Sfl

Flag for the availability of diffusion coeflicients. Iqig = S{,

Lo — 0 No diffusion coefficients available;
diff =1 1 Diffusion coefficients are available.

Type of equation solved. Iyg, = Sis

0 Boltzmann transport equation

Boltzmann Fokker-Planck equation with Galarkin energy propagation factors

2 Boltzmann Fokker-Planck equation with Przybylski and Ligou energy propagation
factors.

—_

t
Sis =

5.2 The main /asminfo/ directory

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

Table 59: Main records and sub-directories in /asminfo/

Name Type Condition Units  Comment

SIGNATURE_ .., Cx12 Signature of the data structure
(SIGNA =L_PIJ, uuuun)-

LINK.MACRO,, Cx12 Name of the MACROLIB on which the collision prob-
abilities are based.

LINK.TRACK,, Cx12 Name of the TRACKING on which the collision prob-
abilities are based.

STATE-VECTOR 1(40) Vector describing the various parameters associated
with this data structure S, as defined in Section 5.1.

GROUP_Luuuuw  Dir(Sg) List of energy-group sub-directories. Each compo-

nent of the list is a directory containing the multi-
group collision probabilities and response matrices
associated with an energy group. The specification
of this directory is given in Sect. 5.3 or 5.4 depending
if a double-heterogeneity is present or not. A double-
heterogeneity is present if Si; = 1 in the TRACKING
object.
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5.3 The GROUP double-heterogeneity group sub-directory

This directory is containing the following records, corresponding to a single energy group:

Table 60: Records and sub-directories in GROUP

Name

Type

Condition

Units Comment

DRAGON-TXSCy,

DRAGON-SOXSC

NCOI_H_H_H_H_H_H_H_H_I

RRRRUUUUUUUU

QKOLDuuuuuuu

QKDELUUUUUUU

PKLuuuuuuuuu

CDEFUUUUUUUU

P1 II_H_H_H_H_H_H_H_H_I

P 1DI|_J|_J|_J|_JLH_J|_J|_J

P 1KII_H_H_H_H_H_H_H_I

SIGA]-LJLJLJLJLJLJLJ

R(Np +1)

R(Nm + 17 Nans)

R(Ps, Ps, M)

R(P4, P5, M)

R(P477)577)57 M)

D(F,F, M)

R(Py, M)

R(Py, M)

R(P4, Ps, M)

R(Py, M)

Ps

Ps

Ps

Ps

Ps

Ps

Ps

Ps

cm~! where N,,, = P;. The total cross section X9

cm

for N, + 1 composite mixtures assuming that
the first mixture represents void (X9, = 0).
A transport correction may or may not be in-
cluded. The first component of this array is
always equal to 0.

The within group scattering cross section
Y0,m,w (see Section 1.3) for N, + 1 composite
mixtures assuming that the first mixture rep-
resents void (¥, , = 0). A transport cor-
rection may or may not be included. Many
Legendre orders may be given. The first com-
ponent of this array, for each Legendre order,
is always equal to 0.

where M = Py — P;. Number of composite
mixtures in each macro-mixture.
Group-dependent double-heterogeneity infor-
mation.

Group-dependent double-heterogeneity infor-
mation related to the escape probabilities in
the micro-structures.

Group-dependent double-heterogeneity infor-
mation related to the escape probabilities in
the micro-structures.

Group-dependent double-heterogeneity infor-
mation related to the collision probabilities in
the micro-structures.

where F = 1+ P4 x Ps. Group-dependent
double-heterogeneity information.
Group-dependent double-heterogeneity infor-
mation related to the escape probabilities
through the composite.

Group-dependent double-heterogeneity infor-
mation related to the escape probabilities from
the matrix.

Group-dependent double-heterogeneity infor-
mation related to the escape probabilities from
the micro-structures.

Group-dependent double-heterogeneity infor-
mation related to the equivalent total cross-
section.

continued on next page
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Name

Type

Condition

Units Comment

BIHETuuuuuuu

Dir

Directory containing collision probability or
response matrix information related to the
macro-geometry (i.e., the geometry with ho-
mogenized micro-structures). The specifica-
tion of this directory is given in Section 5.4.
Note that the value of N,,, = P> in this object
is set to take into account the macro-mixtures.
Similarly, the value N,, = Ps is the number of
macro-volumes.

5.4 The GROUP or BIHET group sub-directory

This directory is containing the following records, corresponding to a single energy group:

Table 61: Records and sub-directories in GROUP

Name

Type

Condition

Units Comment

ALBEDOLuuuuu

ALBEDD_FUUUU

DRAGON-TXSCy,

DRAGON-T1XSC

DRAGON-T2XSC

R(S3")

R(S3)

R(Nym +1)

R(Nym +1)

R(Nym +1)

SM >0

SM >0

cm

cm

cm

Surface ordered physical albedos in GROUP.
The number of physical albedos S/ is defined
in Section 1.1.

Surface ordered physical albedo functions in
GROUP. The number of physical albedos S is
defined in Section 1.1.

The total cross section 9, for N, + 1 mix-
tures assuming that the first mixture repre-
sents void (X9, = 0). A transport correction
may or may not be included. The first com-
ponent of this array is always equal to 0.
where N,, = P;. The current-weighted to-
tal cross section ¥f  for Ny, + 1 composite
mixtures assuming that the first mixture rep-
resents void (XY ,, = 0). The first component
of this array is always equal to 0.

where N,, = Pi. The second moment-
weighted total cross section Z‘g,m for Ny, +1
composite mixtures assuming that the first
mixture represents void (X3, = 0). The first
component of this array is always equal to 0.

continued on next page
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Records and sub-directories in GROUP continued from last page
Name Type Condition  Units Comment
DRAGON-S0XSC  R(N,, + 1, Nans) cm~! The within group scattering cross section

Yomw (see Section 1.3) for N, + 1 mix-
tures assuming that the first mixture repre-
sents void (¥, ., = 0). A transport cor-
rection may or may not be included. Many
Legendre orders may be given. The first com-
ponent of this array, for each Legendre order,
is always equal to O.

DRAGON-DIFF, R(N,, +1) T =1 cm  Diffusion coefficients D¢, for N, + 1 mix-
tures assuming that the first mixture repre-
sents void (DZ, = 1.0x10'%). The first compo-
nent of this array is always equal to 1.0 x 100,

FUNKNO$USSL, R(Ny) * 1 Solution of the Livolant-Jeanpierre fine-
structure equation. Ny is the number of un-
knowns in each subgroup and each energy
group. (*) This information is present if the
flux is computed within module USS:.

STREAMING,, , Dir I, =2 Directory containing P1 information to be
used with the ECCO isotropic streaming
model. This directory uses the same specifica-
tion as GROUP where PO information is replaced
with P1 information. Cross sections used in
this directory are not-transport corrected.

5.4.1 The trafict dependent records on a GROUP directory

If a collision probability method is used, the following records will also be found on the group sub-
directory:

Table 62: Collision probability records in GROUP

Name Type Condition  Units Comment

DRAGON-PCSCT R(N,,N,) I,=2 The scattering-reduced (It = 1,3) colhslon
probability matrix W, or direct (I ,4)
collision probability matrix p,

DRAGON1PCSCT R(N,,N,) I =3 The z—directed P1 scattering-reduced (I =
3) collision probability matrix Y, 4 or direct
(I = 4) collision probability matrix p, 4

continued on next page
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Collision probability records in GROUP continued from last page
Name Type Condition  Units Comment
DRAGON2PCSCT R(N,,N,) I, =3 The y—directed P1 scattering-reduced (I =

3) collision probability matrix Y, 4 or direct
(I = 4) collision probability matrix p, 4

DRAGON3PCSCT R(N,,N,) I, =3 The z—directed P1 scattering-reduced (I =
3) collision probability matrix Y, , or direct
(I = 4) collision probability matrix p. 4

DRAGON1P*SCT R(N,,N,) I = The z—directed matrix p, 'p} ,
DRAGON2P*SCT R(N,,N,) I = The y—directed matrix p,'p; ,
DRAGON3P*SCT R(N,,N,) I, =3 The z—directed matrix pg_lp;g
DRAGON-WIS.,, R(N,) Ig=1 The scattering-reduced leakage matrix W7,

where

e the reduced collision probability matrix is defined as
Py = {Pijg; Vi and j}

the reduced directional probability matrix, used in the first TIBERE equation, is defined as

Pig = {Pijrg; Viand j} 3 k=, y, orz

the reduced directional probability matrix, used in the second T IBERE equation, is defined as

Prg = {Pijkg; Viand j} ; k=uz, y, orz
The total cross sections used to compute this matrix are not-transport corrected.

e the PO scattering reduced collision probability matrix is defined as

W, =[I-py Esoyg%g]ilpg

the P1 scattering reduced directionnal collision probability matrix is defined as

Yig=[I-Prg Bst,gegl 'Pryg ; k=a, y, orz



IGE-351 99

5.4.2 The sybilt dependent records on a GROUP directory

This information is provided only if the current iteration method of the interface current method is
used in SYBIL. This occurs if the key-word ARM is been used in operators USS: or ASM:. In these cases,
the following records will also be found on the GROUP directory:

The following dimensions will be used:

Number of generating cells:

N = P if 8§ =3 (do-it-yourself geometry)
8T Ps if SE =4 (2D assembly geometry)

Number of entering currents in a cell:

4 if Pf=0and 2 <P, <3 (DR Cartesian cell)
12 if P{=0and Pi=14 (DP; Cartesian cell)
6 if P{>0and2<Pi<3 (DP, hexagonal cell)
18 if P} >0 and Pi =4 (DP; hexagonal cell)

N, =

Number of transmission probability elements:

P ifSE=3 (do-it-yourself geometry)
D = Ps if S§=4and P, =1 (Roth 2D assembly geometry)
NeX N.x P if S§§ =4 and P, > 2 (Other 2D assembly geometries)

Number of escape probability elements:

NMC(Py +1) ifSE=3 (do-it-yourself geometry)
Dy = NMC(Ps +1) if 8¢ =4and P, =1 (Roth 2D assembly geometry)
N X NMC(Pg + 1) if 8§ =4 and P2 > 2 (Other 2D assembly geometries)

Number of collision probability elements:
Ngen

Ds =Y [NMC(i + 1) — WMC(i)]?

Table 63: SYBIL groupwise assembly information in GROUP

Name Type  Condition Units Comment

PSSW$SYBIL,, R(D:) Cellwise  scattering-reduced  transmission
probabilities.

PISW$SYBIL,, R(D-) Cellwise scattering-reduced escape probabili-
ties.

PSJW$SYBIL,, R(Ds) Cellwise scattering-reduced collision probabil-
ities for incoming neutrons.

PIJW$SYBIL,, R(Ds3) Cellwise scattering-reduced collision probabil-
ities.
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5.4.3 The mccgt dependent records on a GROUP directory

If the characteristic method (MCCGQG) is used, the following records will also be found on the GROUP
directory:

Table 64: MCCG groupwise directories

Name Type Condition Units  Comment
DIAGF$MCCGL, R(Ngim) Sk >0 Diagonal elements of the ACA flux matrix.
CF$MCCGLLLLL  R(Sks Sty >0 Non-Diagonal elements of the ACA flux ma-
trix.
Sty >0 )
ILUDF$MCCGL,  R(Ndim) St > 9 Inverse diagonal elements of U from ILUO de-
23 = composition of ACA flux matrix
t
ILUCF$MCCG, ., R(S§7) {§%2 Z ?2 3) Non-diagonal elements of U from ILUO decom-
23 ’ position of ACA flux matrix that differ from
CF
DIAGQ$MCCGL, R(Ngim) Sk >0 Diagonal elements of the ACA source matrix.
CQ$MCCGLLLLL  R(Sk Sy >0 Non-diagonal elements of the ACA source ma-
trix.
PJI$MCCGLLLL  R(SISL) Si; =1 Mode-to-mode self-collision probabilities for
SCR or “STIS=1" integration strategy.
PSI$MCCGLLLL  R(Sh, Sk >0 Surface-to-volume probabilities for SCR.
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6 Contents of a /system/ directory

The L_SYSTEM specification is used to store a set of system matrices (or a set of perturbations on system
matrices) obtained after discretization of the algebraic operators contained in the neutron transport or
diffusion equation. A complete set of matrices can be written on the root directory. Perturbation matrices
corresponding to variations or derivatives of the cross sections can also be found if the STEP directory list
is present.

6.1 State vector content for the /system/ data structure

The dimensioning parameters for this data structure, which are stored in the state vector S, repre-
sents:

e S7: the number of energy groups
e S5t the order of a system matrix
e S3: the number of delayed neutron precursor groups

e S;: the storage type of system matrices:

1 BIVAC-compatible profile storage matrices for the diffusion theory
2  TRIVAC-compatible matrices compatible with the generic ADI splitting in
Eq. (4.2) or Eq. (4.3)
3 TRIVAC-compatible matrices compatible with the Thomas-Raviart ADI
splitting in Eq. (4.4) or Eq. (4.5) for the diffusion theory
11  BIVAC-compatible profile storage matrices for the simplified P,, method
13 TRIVAC-compatible matrices compatible with the Thomas-Raviart ADI
splitting in Eq. (4.4) or Eq. (4.5) for the simplified P,, method

2. set to 1 in case where matrices ’RM’ are available

e The number of set of perturbation on system matrices Isip = S§ used for perturbation calculations:

J 0 no STEP information available
P 71 > (0 number of set of perturbation on system matrices.

e S2: number of material mixtures in the macrolib used to construct the system matrices

e &2 number of Legendre orders used to represent the macroscopic cross sections with the simplified
P,, method (maximum integer value of IL). Set to zero with the diffusion theory.

The type of system matrix assemblies [,ere = S§:

calculation of the system matrices

calculation of the derivative of these matrices

calculation of the first variation of these matrices

identical to Ipery = 2, but these variation are added to unperturbed system
matrices.

Ipert =

[SVI R e

6.2 The main /system/ directory

On its first level, the following records and sub-directories will be found in the /system/ directory:
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Table 65: Main records and sub-directories in /system/

Name Type Condition  Units Comment

SIGNATURE, Cx12 Signature of the data structure
(SIGNA =L_SYSTEM, . ,.).

LINK.MACRO Cx12 Name of the MACROLIB on which the system matrices
are based.

LINK.TRACK Cx12 Name of the TRACKING on which the system matrices
are based.

STATE-VECTOR 1(40) Vector describing the various parameters associated
with this data structure S, as defined in Section 6.1.

ALBEDO FU//{igr} R(S}M) SM >0 Surface ordered physical albedo functions in each
group. The number of physical albedos S
is defined in Section 1.1.  The character suf-
fix {igr} is the group index defined in format
WRITE(TEXT3,’(I3.3)°) igr.

{matrix} R(Ndim) Set of system matrices

{removalxs} R(S%) S5 > 10 Set of removal cross section arrays used with the sim-
plified P,, method

RMLLuuuuuu R(S%)) SE#0 Unit system matrix, i.e., a system matrix corre-
sponding to cross sections all set to 1.0. This ma-
trix is mandatory in space-time kinetics cases. This
block is always located on the root directory.

IRM,LLuuuunn R(S%) SE#0 Inverse of the unit matrix. This record is available
only with BIVAC trackings.

STEPLLLunu Dir(Sg) g >1 List of perturbation sub-directories. Each compo-

nent of this list contains a set of perturbation on sys-
tem matrices corresponding to variations or deriva-
tives of the cross sections. Each STEP component
follows the specification presented in the current Sec-
tion 6.2.

The signature variable for this data structure must be SIGNA=L_SYSTEM,_ ..

....................

................................................

Ag2-Agg Agsi-Ags) | P4

1
Keff

B11Bi2BigBraBs | %1| | O
Bar Baz Byg Boy Bos| | P2| | O
35| = d
e

Figure 4: Example of a 5 energy group matrix eigenvalue problem

The discretized neutron transport or diffusion equation is assumed to be given in a form similar to
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the matrix system represented in Figure 4. Each system matrix {matrix} is stored on a block named
TEXT12, embodying the primary group index IGR and the secondary group index JGR.

The first case corresponds to the following situations:
e BIVAC-type discretization (S = 1). In this case, the dimension of the matrix is equal to MU(S};)

e TRIVAC-type discretization of the out-of-group A matrices (IGR£JGR). In this case, the dimension
of the matrix is equal to S},

e TRIVAC-type discretization of the B matrices. In this case, the dimension of the matrix is equal
to S,

The character name of the system matrix is build using

WRITE(TEXT12,’ (1HA,2I3.3)°) JGR,IGR

WRITE(TEXT12,’ (1HB,2I3.3)’) JGR,IGR
or
WRITE(TEXT12,’ (1HB,3I3.3)’) IDEL,JGR,IGR

where IDEL is the index of a delayed neutron precursor group (if S§ > 1).

Otherwise, the TRIVAC—type system matrix is splitted according to Egs. (4.2) to (4.5). The character
name of the system matrix is build using

WRITE(TEXT12,’ (A2,1HA,2I3.3)’) PREFIX,IGR,IGR

where PREFIX is a character®2 name describing the component of the system matrix under consideration.
The following values are available:

PREFIX | type of matrix dimension Ngim

W_ matrix component W + P UPy, or Ay, + R, T IR/, | MUW(S!,) or MUW(SSg)
X_ matrix component X +PIUP, or A, + R, T 'R} MUX (S},) or MUX(S%,)
Y_ matrix component Y + P]UPy or Ay + RyT 'R/ MUY (S},) or MUY (Skg)
Z_ matrix component Z + P;FUPz or A, + RZTfleTy MUZ(S!,) or MUZ(SLy)
WI LDLT factors of W + PLUPy, or Ay, + Ry, T"IR] | MUW(S!E,)) or MUW(S]g)
XI LDLT factors of X + P]UP, or A, +R,T 'R} MUX (S%,) or MUX (S,
YI LDLT factors of Y + P/ UPy or Ay, + R,T 'R/ MUY (S%,) or MUY (Ske)
Z1 LDLT factors of Z + P;FUPz or A, + RZT_lR;ry MUZ(S},) or MUZ(S%y)

where all these matrices are stored in diagonal storage mode.

The following values of PREFIX will also be used in cases where a Thomas-Raviart or Thomas-Raviart-
Schneider polynomial basis is used (Sfy = 2 and §§ = 3):

PREFIX | type of matrix dimension Ngim
TF matrix component T 8L

WA matrix component Ay, MUW (S%¢)

XA matrix component Ay MUX (S5,

YA matrix component A, MUY (S%g)

ZA matrix component A, MUZ (S%g)

DIFF diffusion coefficients used with the Thomas-Raviart-Schneider method | Ny

where TF is a diagonal matrix and where WA to ZA are stored in diagonal profiled mode. The dimension
of DIFF is related to the number of lozenges in the domain: Nj,s = Si, x Stz x (Si5)2
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Each removal cross section array {removalxs} is stored on a block named TEXT12, embodying the
Legendre order IL, the primary group index IGR and the secondary group index JGR. The block name
TEXT12 is build using

WRITE(TEXT12,’ (4HSCAR,I2.2,2I13.3)°) IL-1,JGR,IGR
for the mixture-ordered components of the removal cross section, and
WRITE(TEXT12,’ (4HSCAI,I2.2,213.3)’) IL-1,JGR,IGR

for the mixture-ordered components of the inverse removal cross section matrix at each Legendre order.
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7 Contents of a /kinet/ directory

The L_KINET specification is used to store the data related to the space-time neutron kinetics calcu-
lations. This directory also contains the main calculations results corresponding to the current time step
of a transient.

7.1 State vector content for the /kinet/ data structure
The dimensioning parameters for this data structure, which are stored in the state vector S, represent:
e The current time-step index Ny, = Sf
e The number of delayed-neutron precursor groups Ngg = Sk
e The number of energy groups Ny, = S§
e The type of geometry I, = S§
e The total number of finite elements N, = S}f
e The total number of unknowns per energy group Ny, = S¥
e The number of flux unknowns per energy group N,y = Sk
e The number of precursors unknowns per delayed group Ny, = Sé“
e The number of fissile isotopes Nyiss = S§
e The type of system matrices Ngys = Sk
e Number of free iteration per variational acceleration cycle Ny = Sf,
e Number of accelerated iteration per variational acceleration cycle N, = Sk,

e Type of normalization for the flux Iorm = ng where

0 No normalization

1 Imposed factor

2  Maximum flux normalization
3 Initial power normalization

Inorm =

e Maximum number of thermal (up-scattering) iterations M, = Sf,
e Maximum number of outer iterations My, = Sﬁ.—)
e Initial number of ADI iterations in Trivac M,q; = S{“G

e Temporal integration scheme for fluxes lig = S}, where

1 TImplicit scheme (O = 1)
Iin = ¢ 2 Crank-Nicholson scheme (Of = 0.5)
3 General theta method

e Temporal integration scheme for precursors fipr = Sk, where

Implicit scheme (©, = 1)

Crank-Nicholson scheme (0, = 0.5)

General theta method

Analytical integration method for precursors

Iipr -

=0 N
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e Exponential transformation flag liexp = ng where

j 0 not used
Pl 1 used

e Adjoint kinetics calculation flag Lq; = S5, where

I 0 direct (forward) calculation
adj 1 adjoint (backward) calculation

7.2 The main /kinet/ directory

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

Table 66: Main records and sub-directories in /kinet/

Name Type Condition  Units Comment

SIGNATURE ., Cx12 Signature of the data structure
(SIGNA =L _KINET_ )

STATE-VECTOR 1(40) Vector describing the various parameters associated
with this data structure SF, as defined in Section 7.1.

EPS-CONVERGE R(4) Convergence parameters A§

TRACK-TYPE,, Cx12 Type of tracking considered (CDOOR). Allowed val-
ues are: *BIVAC’ and ’>TRIVAC’

E-IDLPCL i 1(Nep) Position of averaged precursor concentrations in vec-
tor E-PREC.

DELTA-T  uu  R(1) S Current time increment.

TOTAL-TIME,, R(1) S Total elapsed time from the beginning of a transient.

BETA-DuLuuu R(ng) Delayed-neutron fraction for each delayed-neutron
precursor group.

LAMBDA-D Ly R(Nag) s~!  Radioactive decay constants of each delayed-neutron
precursor group.

CHI-Duuuuuue  R(Nag, Ngr) Multigroup delayed-neutron fission spectrum in each
precursor group.

E-VECTOR, L R(Nuf, NgT) Kinetics solution for fluxes at current time step.

E-PRECLuuuun R(Nup, Nag) Kinetics solution for precursor concentrations at cur-
rent time step.

E-KEFF_ oo R(1) Steady-state value of the initial keg.

CTRL-FLUX, L R(1) Maximum value of flux used for the controlling pur-
pose.

CTRL-PRECLLL  R(Nup X Nyiss) Precursor concentrations at location of maximum
flux.

CTRL-IDL ,u, I(1) Position of a maximum value within the flux vector.

CTRL-IGR_ Ly I(1) Energy group number corresponding to a maximum
flux value.

POWER-INI, ., R(1) Iiorm =3 MW Initial power.

E-POWoLLLuuun R(1) Lioom =3 MW  Actual power.

OMEGALLLLLLL R(Nmiz, Ngr) Jiexp =1 s~!  Exponential transformation factor. N, is the num-

ber of material mixtures
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The convergence parameters A represent:

e A is the thermal (up-scattering) iteration flux convergence parameter
e A§ is the outer iteration flux convergence parameter

e O is the value of theta-parameter for fluxes

e O, is the value of theta-parameter for precursors
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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. The following types of equations can be
solved:

1. Fixed source problem
A®=S (8.1)
where A is the coefficient matrix, S is the source vector and ® is the unknown vector.

2. Direct eigenvalue problem

1

Ad, + B ®,=0 (8.2)

eff,«

where B is the second coefficient matrix and where (K; ,éa) is the eigensolution corresponding

eff,a
to the a—th eigenvalue or harmonic mode. Generally, only the eigensolution corresponding to the

maximum value of K o is found (the fundamental mode).

3. Adjoint eigenvalue problem

BT & =0 8.3
Keﬂ‘)a [e3 ( )

AT B+

where matrices A and B are transposed.

4. Fixed source direct eigenvalue equation (direct GPT)

1 =

AT, BT,=S
+ Kcﬁ",a

where <<I>Z, §> =0 (8.4)

where the direct source vector S is orthogonal to the adjoint flux.

5. Fixed source adjoint eigenvalue equation (adjoint GPT)

1

eff,«

AT T +

BT I'* =§* where <<I>a, §> -0 (8.5)

where the adjoint source vector S is orthogonal to the direct flux.
8.1 State vector content for the /fluxunk/ data structure
The dimensioning parameters for this data structure, which are stored in the state vector Sif , represent:
e The number of energy groups Ng = S{
e The number of unknowns per energy group Ny = Sg

e The type of equation considered I, = 83f = a1 + 10 oy + 100 a3 + 1000 ooy where
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a3 = 0/1: Fixed source (Eq. (8.1)) or K¢ (Eq. (8.2)) direct eigenvalue equation
absent /present

az = 0/1: Adjoint eigenvalue equation (Eq. (8.3)) absent/present

ag = 0/1: Direct fixed source eigenvalue equation — or GPT equation (Eq. (8.4))
absent /present

ay = 0/1: Adjoint fixed source eigenvalue equation — or GPT equation (Eq. (8.5))
absent /present

e The number of harmonics considered Nj, = Sf where

N — 0 the harmonic calculation is not enabled
h > 1 the harmonic calculation is enabled. N}, is the number of harmonics.

e The number of specific GPT equations considered Ny = S'5f where

0 the GPT calculation is not enabled
Ngpt = >1 the GPT calculation is enabled. Ngp is the number of specific GPT
equations.

e The type of B,, solution considered I, = S'Gf where

—2 1D Fourier analysis, fixed source problem, no eigenvalue
—1 No flux calculation, fluxes taken from input file
0 Fixed source problem, no eigenvalue
fixed source eigenvalue problem (GPT type) with fission
Kg eigenvalue problem with fission and without leakage
Kg eigenvalue problem with fission and leakage
Buckling eigenvalue problem with fission and leakage
Buckling eigenvalue problem without fission but with leakage

T W N -

e The type of leakage model I; = 8; where

0 No leakage model
1 Homogeneous PNLR calculation
2 Homogeneous PNL calculation
3 Homogeneous SIGS calculation
4 Homogeneous ALSB calculation
5 Leakage with isotropic streaming effects
16 Leakage with anisotropic streaming effects — imposed buckling
26 Leakage with anisotropic streaming effects — X-Buckling search
36 Leakage with anisotropic streaming effects — Y-Buckling search
46 Leakage with anisotropic streaming effects — Z-Buckling search
56 Leakage with anisotropic streaming effects — radial Buckling search
66 Leakage with anisotropic streaming effects — total Buckling search

I

e Number of free iteration per variational acceleration cycle Ny = sz

e Number of accelerated iteration per variational acceleration cycle N, = Sg
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8.2

e Thermal rebalancing option I, = Slfo where

j 0 No thermal iteration rebalancing
"7 1 1 Thermal iteration rebalancing activated
Maximum number of thermal (up-scattering) iterations Mi, = S,
Maximum number of outer iterations My, = 8{2
Initial number of ADI iterations in Trivac Mg = S,

Block size of the Arnoldi Hessenberg matrix with the implicit restarted Arnoldi method (IRAM)
(= 0 if the symmetrical variational acceleration technique (SVAT) is used) Ny, = S7,

Number of iterations before restarting with the GMRES(m) acceleration method for solving the
ADI-preconditionned linear systems in Trivac (= 0 if M,q; free iterations are used) Ngms1 = 8{5

Number of iterations before restarting with the GMRES(m) acceleration method for solving a
multigroup fixed-source problem (= 0 if the variational acceleration technique is used) Ngmr2 = 8{6

Number of material mixtures IV,,, = 8{7

Number of leakage zones Nigax = 8{8. Set to zero if no leakage zones are defined.

The main /fluxunk/ directory

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

Table 67: Main records and sub-directories in /fluxunk/

Name Type Condition Units Comment

SIGNATURE ., Cx12 Signature of the data structure

(SIGNA =L _FLUX_Luu00)

STATE-VECTOR 1(40) Vector describing the various parameters associated
with this data structure Sij, as defined in Section 8.1.

OPTION, uuu Cx4 Type of leakage coefficients (?LKRD’: recover leakage
coefficients in Macrolib; >RHS’: recover leakage co-
efficients in RHS flux object; >B0’: By; *P0’: Py;
’B1°: By; ’P1’: Pp; ’BOTR’: By with transport cor-
rection; POTR’: Py with transport correction).

EPS-CONVERGE R(5) Convergence parameters A§

KEYFLX, Lo I(S{) Location in unknown vector of averaged regional flux
I

K-EFFECTIVE, R(1) S'Gf >1 Computed or imposed effective multiplication factor

for direct eigenvalue problem, corresponding to the
fundamental mode

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

Name

Type

Condition

Units Comment

AK-EFFECTIVE

K-INFINITY,,,

B2uuB lHDMUUU

SPEC-RADIUS,,
DIFFHET Luuu

IMERGE-LEAK,,

B2u HETE Loy

GAMMAuuuuuuu

FLUquuuuuuu

AFLUXUUUUUUU

MODEuuuuuuuu

DFLUXUUUUUUU

ADFLUXLuuuuu

Dir(S/)

Dir(S])

Dir(S!)

Dir(S!)

f
ﬁmodlozl

f
ﬁmolezl

=100

81 = 1000

cm

cm
cm

cm—

Computed effective multiplication factor for adjoint
eigenvalue problem, corresponding to the funda-
mental mode. The theoretical value is equal to
’K-EFFECTIVE’ but difference may occurs for numer-
ical reasons.

Computed infinite multiplication constant for eigen-
value problem, corresponding to the fundamental
mode

Homogeneous buckling B2, corresponding to the fun-
damental mode

Spectral radius

Multigroup leakage coefficients in each leakage zone
and energy group D}

Leakage zone index assigned to each material mix-
ture LY,

Directional buckling components B
to the fundamental mode

Gamma factors used with B,—type streaming mod-
els.

2

77

corresponding

List of real arrays. Each component of this list is a
real array of dimension Sg containing the solution
of a fixed source (Eq. (8.1)) or of a direct eigenvalue
(Eq. (8.2)) equation, corresponding to the fundamen-
tal mode.

List of real arrays. Each component of this list is a
real array of dimension 82f containing the solution
of an adjoint eigenvalue (Eq. (8.3)) equation, corre-
sponding to the fundamental mode.

List of harmonic mode sub-directories. Each compo-
nent of this list follows the specification presented in
Section 8.3.

List of direct (explicit) GPT sub-directories. Each
component of this list is a multigroup list of dimen-
sion S'lf . Each component of the multigroup list is a
real array of dimension S{ containing the solution of
a fixed source direct eigenvalue equation similar to
Eq. (8.4).

List of adjoint (implicit) GPT sub-directories. Each
component of this list is a multigroup list of dimen-
sion S'lf . Each component of the multigroup list is a
real array of dimension 82f containing the solution of
a fixed source adjoint eigenvalue equation similar to
Eq. (8.5).

continued on next page
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Main records and sub-directories in /fluxunk/ continued from last page
Name Type Condition Units Comment
DRIFTL L uuun Dir(S'lf) S{Q =6 Drift coefficients used in nodal correction iterations.

Each component of the multigroup list is a real array
of dimension 6 x Si.

The convergence parameters A{ represent:

e A{ is the thermal (up-scattering) iteration flux convergence parameter
e AS§ is the outer iteration eigenvalue convergence parameter

e Aj is the outer iteration flux convergence parameter

e Aj§ is the GMRES convergence parameter used at inner iteration

o Af is the relaxation factor of the flux used in multiphysics applications. A§ =1 is equivalent to no
relaxation.

8.3 The harmonic mode sub-directories in /fluxunk/

Each component of the list named MODE’ contains the information relative to a specific harmonic
mode.

Table 68: Component of the harmonic mode directory

Name Type Condition Units Comment

K-EFFECTIVE, R(1) Computed effective multiplication factor for
eigenvalue problem, corresponding to the a—th
mode

FLUXLuuuuuou Dir(S'lf) List of real arrays. Each component of this list

is a real array of dimension Sg containing the
solution of the a—th mode of a direct eigenvalue
(Eq. (8.2)) equation.

AFLUX oo Dir(S{) f—g mod 10 =1 List of real arrays. Each component of this list
is a real array of dimension Sg containing the
solution of the a—th mode of an adjoint eigenvalue
(Eq. (8.3)) equation.
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9 Contents of a /source/ directory

This directory contains the source components of a fixed source problem. This data structure is also
useful for fixed source eigenvalue problems as used in the generalized perturbation theory (GPT).

9.1 State vector content for the /source/ data structure
The dimensioning parameters for this data structure, stored in the state vector S7°", represent:
e The number of energy groups Ng = S7°
e The number of unknowns per energy group Ny = S5
e The number of direct fixed sources Np = S5

e The number of adjoint fixed sources Ny = S

9.2 The main /source/ directory

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

Table 69: Main records and sub-directories in /source/

Name Type Condition Units Comment

SIGNATURE ., Cx12 Signature of the data structure
(SIGNA =L_SOURCE, . ,.,)

STATE-VECTOR 1(40) Vector describing the various parameters associated
with this data structure S;°", as defined in Sec-
tion 9.1.

LINK.FLUX_ ., Cx12 Name of the unperturbed FLUX orthogonal to the
fixed sources.

LINK.SYSTEM, Cx12 Name of the unperturbed SYSTEM object.

LINK.TRACK,, Cx12 Name of the tracking object used to construct the
system matrices.

DSOURLuuuuuy  Dir(S5°%) S35 > 1 List of direct fixed source sub-directories. Each com-

ponent of this list is a multigroup list of dimension
Si°%. Each component of the multigroup list is a
real array of dimension S5°" containing a direct fixed
source array.

ASOUR, uuuuy  Dir(S§ov)  S§ov > 1 List of adjoint fixed source sub-directories. FEach
component of this list is a multigroup list of dimen-
sion S7°". Each component of the multigroup list is
a real array of dimension S§5°" containing an adjoint

fixed source array
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10 Contents of a /deposition/ directory
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This directory accumulates energy and charge deposition information gathered from coupled solutions
of the Boltzmann and/or Boltzmann Fokker-Planck transport equations.

10.1 State vector content for the /deposition/ data structure

The dimensioning parameters for this data structure, stored in the state vector Sf P represent:

.- {

The number of Boltzmann transport equation iterations Nite, = SZEP

10.2 The main /deposition/ directory

Charge deposition index I. = S

. . d
The number of material mixtures Ny = S77

0 no charge deposition information
1 charge deposition information is present.

The number of particules contributing to deposition Npart = Sg r

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

Table 70: Main records and sub-directories in /deposition/

Name Type Units Comment

SIGNATURE_ .., Cx12 Signature of the data structure
(SIGNA =L_DEPOSITION)

STATE-VECTOR 1(40) Vector describing the various parame-
ters associated with this data structure
S as defined in Section 10.1.

PARTICLE-NAM C(Npar)*1 Character name associated to each par-
ticle.

VOLUME ooy R(NVmix) cm? Volumes.

FLUX-NORM ., D(1) 1 Flux normalization factor.

EDEPOS.uuuun D(Nmix, Npart) MeV-cm 3.7 1 Energy deposition.

CDEPOSLuuuun D(Nmix, Npart) electron-cm_3-s_1Charge deposition.

EDEPOS TOT.,  D(Nmix) MeV-em~3-s7!  Volume integrated energy deposition.

CDEPOS_TOT,  D(Nmix) electron-cm~3-s~! Volume integrated charge deposition.
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11 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 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
in 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 Ny /microlib/.

11.1 State vector content for the /edition/ data structure

The dimensioning parameters for this data structure, which are stored in the state vector S¢%, rep-
resent:

e The number of homogeneous mixtures saved Ny = S§4i for the last editing step

e The number of condensed groups considered Mg = S5 for the last editing step

e Editing flag to indicate the presence of 4 factor editing I4; = S§4 for the last editing step

e Editing flag to indicate that the up-scattering contributions have all been transferred to the diagonal

part of the scattering matrix Iy = S§4 for the last editing step

e The number of mixture activated N4 = S¢4 for the last editing step

e Editing flag to indicate the types of statistics generated by EDI: Ig = S§4! for the last editing step

e Editing flag to indicate which boundary flux editions are used in EDI:. These editions are re-
quired for computing assembly discontinuity factors (ADF) or to perform some types of superho-

mogénéisation (SPH) calculations. Iyqs = ?di for the last editing step
0  no boundary flux editions;
1 use boundary currents obtained using the ALBS keyword in DRAGON;
2 recover boundary fluxes from informations located in the REF: ADF directory;

—2 compute assembly discontinuity factors (ADF) from informations located in

the REF: ADF directory;

use boundary currents obtained from the current iteration method in Eurydice;

4 recover boundary fluxes or discontinuity factors from the MACROLIB/ADF
directory.

Togs =

w

e Editing flag to indicate the type of tracking to be performed on a macro-geometry built by module
EDI:. Icon = Sgdi for the last editing step

1 the macro-geometry is tracked by module SYBILT: or EXCELT:;
Ieen = 2 the macro-geometry is tracked by module NXT:;
3 the macro-geometry is tracked by another module.

e The number of extracted isotopes in the output microlib I,,, = S§%! for the last editing step

e The print level considered I, = Sgdi for the last editing step

e Editing flag to indicate the types of cross section saved in EDI: I, = S¢S for the last editing step
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e The type of weighting used for P; cross section information I,, = S¢3' for the last editing step (= 0:
flux weighting; = 1 current weighting)

e The maximum number of isotopes per mixture M; = S$§!

e The maximum number of condensed groups in all editing M, = Ssdi

e

e The maximum number of homogeneous mixtures in all editing Mj = S5

e The total number of ISOTXS files generated My = S5
e The maximum number of regions before homogenization My,a.x = ngi
e Editing flag = 1 for H-factor edition; = 0 otherwise Iy_ o = S§&

e Number of delayed neutron precursor groups Nge = ngi

e Geometry index Lge, = S5t

[ 0 the macro geometry is not available
geo 1 the macro-geometry of the last editing is available

e Type of weighting for homogenization or/and condensation of cross-section information I,q; = Ss{
J— 0 wuse direct flux;
2l =1 1 use adjoint flux.
e Type of current used for Py weighting if Iy, # 0. Iy = SS3°
1 wuse a current obtained from an heterogeneous leakage model;
A—— 2 use the Todorova flux;
4 use spherical harmonics weighting.
e Number of reactions saved on output microlib Nyeae = §gi
0 all available reactions are saved;
Nieac = . . . .
>0 only reactions listed in REF:HVOUT array are saved.
e Edition flag for the integrated net currents along each axis lipteur = Sggi
I | 0 not set;
meewr T 1 integrated current edition.
e Type of condensation of the diffusion coefficients Igo1ver = Sggi
0 wuse weighting of leakage coefficients;
Tsolver = 1 use weighting of transport cross sections with the Golfier-Vergain correction

factors.

11.2 The main /edition/ directory

On its first level, the following records and sub-directories will be found in the /edition/ directory:
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Table 71: Main records and sub-directories in /edition/

Name Type Condition  Units Comment

SIGNATURE ., Cx12 Signature of the data structure
(SIGNA =L_EDIT, )-

STATE-VECTOR 1(40) Vector describing the various parameters asso-
ciated with this data structure ¢4, as defined
in Section 11.1.

TITLELLLoowy  Cx72 Title of the last editing performed (TITLE)

LAST-EDIT ,y Cx12 |Sedi| > 2 Name of the last editing sub-directory saved
(LAST)

LINK.GEOM ., Cx12 Name of the GEOMETRY on which the last edi-
tion was based.

REF: IMERGE,, I(S§dY) Merged region number associated with each of
the original region number M,

REF:VOLUME,, R(S§d) cm? Volume associated with each of the original
region number V,

REF:MATCOD,,, I(S§dY) Mixture number associated with each of the
original region number My,ix

REF:IGCOND,,, I(S§) Reference group limits associated with the
merged groups Cj

REF:ADF_ Ly, Dir S?di =2 ADF-related input data as presented in Sec-
tion 11.3.

REF:HVOUT,,, C(S53)*8 S5¢1>0 Names of the reactions saved in the output
microlib.

CARISO, L C(Sgdi) *12 Sgdi >1 Name of extracted isotopes saved during the
last editing (NAMI)

TACTI L L I(Sg‘fdi) Sgdi >1 Original mixture numbers for which activation
data was generated (A,,)

MACRO-GEOM,,, Dir Ssdi = Macro—geometry directory. This geome-
try may be used to complete the COMPO
database, for performing a geometry equiv-
alence (equigeom) and/or as the macro—
geometry in SPH calculations. This direc-
tory follows the specification presented in Sec-
tion 3.2.

LINK.MACGEOM Cx12 Ssdi =1 Name of the macro—geometry on which the
last edition was based.

{/micdir/} Dir Set of sub-directories containing the editing

information. This directory follows the speci-
fication presented in Section 2.2.

The set of directory {/micdir/} names EDIDIR will be composed according to the following rules. In
the case where the set of keywords SAVE ON are used followed by a directory name as above, the contents
of EDIDIR will be identical the name of the specified directory (e. g., EDITCELL2G,,). If the SAVE option is
used without specifying a specific directory, then the first eight characters of EDIDIR (EDIDIR(1:8)) will
be given as REF-CASE while the last four character (EDIDIR(9:12)) will be a unique character variable
representing the successive directory saved. This character variable will be created as follows:
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WRITE(EDIDIR(9 : 12), (14.4)") J

where 1 < J represents the J™ execution of the EDI: module. In the case above, we would have a
single editing directory of the form:

Table 72: Example of an editing directory

Name Type Condition Units Comment

EDITCELL2G,, Dir Two groups /microlib/ sub-directory

11.3 The /REF:ADF/ sub-directory in /edition/

Sub-directory containing input data for ADF-type boundary flux edition.

Table 73: Records in the /REF:ADF/ sub-directory

Name Type Condition Units Comment

NTYPE  uouon 1(1) Number of ADF-type boundary flux edits.

NADFLuuuuuun  I(NTYPE) Niadf: number of regions included in each ADF-
type boundary flux edit.

HADF uuuun C(NTYPE)*8 Name of each ADF-type boundary flux edit.

Standard names are: = FD_C: corner flux edition;
= FD_B: surface (assembly gap) flux edition; =
FD_H: row flux edition. These are the first row of
surrounding cells in the assembly.

{/type/} I(N2df) Set of integer arrays containing the editing infor-
mation. Indices of the regions of the reference ge-
ometry belonging to the flux edition. Name type
is a component of HADF array.
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12 Contents of a /burnup/ directory

This directory contains the main burnup information, namely the multigroup flux and the isotopic
concentration at each time or burnup step.
12.1 State vector content for the /burnup/ data structure

The dimensioning parameters for the /burnup/ data structure, which are stored in the state vector
S’ represent:

e The type of solution considered I; = S? where

| 1 Fifth-order Cash-Karp method
7| 2 Forth-order Kaps-Rentrop method

e The type of burnup considered I; = S§ where

Out of core or zero flux/power depletion
Constant flux depletion

Constant fuel power depletion

Constant assembly power depletion

W N = O

e Number of time steps for which burnup properties are present in this directory N; = S}
e Total number of isotopes Ny = Sfj

e Number of depleting mixtures N](\i;pl =8

e Number of depleting reactions de;pl =8¢

e Number of depleting isotopes N?Cpl =&

e Number of mixtures N,,, = Sg

e Microscopic reaction rate extrapolation option in solving the burnup equations I, = S¢ where

I 0 Do not extrapolate
¢ 1 1 Perform linear extrapolation

e Constant power normalization option for the burnup calculation I, = Sh, where

I 0 Compute the burnup using the power released in fuel
"~ | 1 Compute the burnup using the power released in the global geometry

This option have an effect only in cases where some non-depleting mixtures are producing energy.

e Saturation of initial number densities I, = S?; where

I - 0 Do not store saturated initial number densities in the BURNUP object
7 1 1 Store saturated initial number densities

This option have an effect only in cases where some depleting isotopes are at saturation.
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e Type of saturation model I; = S, where

I = 0 Do not use Dirac functions in saturated number densities
4= 1 Use Dirac functions in saturated number densities

This option have an effect only in cases where some depleting isotopes are at saturation.

e Perturbation flag for cross sections I, = SV where

j 0 Time-dependent cross sections will be used if available
| 1 Time-independent cross sections will be used

e Neutron flux recovery flag Iy = S, where

0 Neutron flux is recovered from a L_FLUX object
Iy = 1 Neutron flux is recovered from the embedded macrolib present in a
L_LIBRARY object

e Fission yield data recovery flag I, = Sb; where

0 Fission yield data is recovered from DEPL-CHAIN directory (see Section 2.4)
I, =(¢ 1 Fission yield data is recovered from PIFI and PYIELD records in /isotope/
directory (see Table 19)

12.2 The main /burnup/ directory

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

Table 74: Main records and sub-directories in /burnup/

Name Type Condition  Units Comment

SIGNATURE ,, Cx12 Signature of the /burnup/ data structure
(SIGNA =L_BURNUP_,.,_.).

STATE-VECTOR I(40) Vector describing the various parameters associated
with this data structure S?, as defined in Sec-
tion 12.1.

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

LINK.LIB  u Cx12 Name of the MICROLIB on which the last depletion
step was based.

DEPL-TIMES,, R(MNy) 10% s Vector describing the various time steps at which
burnup information has been saved T;

FUELDEN-INIT R(3) Vector giving the initial density of heavy element in

the fuel ps (g cm™3), the initial mass of heavy ele-
ment in the fuel m; (g) and the initial mass of heavy
element in the fuel divided by the global geometry
volume (g cm™3)

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

Name Type Condition  Units Comment

VOLUME-MIX,, R(N.) cm®  Vector giving the mixture volumes

FUELDEN-MIX, R(Nn) g Initial mass of heavy element contained in each mix-
ture

WEIGHT-MIX,, R(N.,) g Initial mass of all the isotopes contained in each mix-
ture

DEPLETE-MIX,, [(N,, x N§) Matrix giving the index in the ISOTOPESDENS record
of each depleting isotope in each mixture.

ISOTOPESUSED C(Np) * 12 Alias name of the isotopes

ISOTOPESMIX, I(Ny) Mixture number associated with each isotope

MIXTURESBurn I(IV,,) Depletion flag array. A component is set to 1 to

indicate that a mixture is depleting.
that a mixture is producing power.

associated with each burnup step T;

MIXTURESPowr I(N,,) Power flag array. A component is set to 1 to indicate

{/depldir/} Dir Set of N; sub-directories containing the properties

The set of directory {/depldir/} names DEPLDIR will be composed according to the following laws.
The first eight character (DEPLDIR(1:8)) will always be given by DEPL-DAT. The last four characters
(DEPLDIR(9:12)) represent the time step saved. For the case where N; time steps were saved we would
use the following FORTRAN instructions to create the last four characters of each of the directory names:

WRITE(DEPLDIR(9: 12),/ (14.4)") J

for 1 < J < N; with the time stamp associated with each directory being given by 7);. For the case
where (V; = 2), two such directory would be generated, namely

Table 75: Example of depletion directories

Name Type Condition Units Comment

DEPL-DAT0001 Dir Sub-directories which contain the information asso-
ciated with time step 1

DEPL-DAT0002 Dir Sub-directories which contain the information asso-

ciated with time step 2
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12.3 The depletion sub-directory /depldir/ in /burnup/

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

Table 76: Contents of a depletion sub-directory in /burnup/

Name

Type

Condition

Units

Comment

ISOTOPESDENS

MICRO-RATES,,

INT_FLUquuu
FLUX‘NDRMUUU

ENERG_MIXUUU

FORM-POWER

BURNUP-IRRAD

R(N7)

R(Ndim)

(cm b)~!

1078 71

cm S

Isotopic densities p; for each of the isotopes de-
scribed in the /microlib/ directory where the
order of the isotopes is also specified

Values of the microscopic reaction rate of the
depleting reactions for each depleting isotope
and each mixture. The macroscopic reaction
rate related to the non-depleting isotopes is
stored at location N}iepl + 1. The N}d%elDl re-
action types are stored in the order of the
’DEPLETE-IDEN’ array in Table 11, starting
with the *NFTOT’ reaction. The flux-induced
power factors are stored in location Nger’l.
The decay power (delayed) factors are stored
in location NV gc‘)l—i—l Both flux-induced and de-
cay power are given in units of 108 MeV /s.
Ndim — (NP 1) 5 (NOP' 4 1) x N,
Integrated flux in each mixture.

Flux normalization constant. It is zero for out
of core depletion and represents the normal-
ization of the flux ¢J that is used to ensure
that the cell integrated flux or power is that
required when fixed flux or power burnup is
requested

Energy realeased during the time step in each
mixture

Ratio of the global power released in the com-
plete geometry divided by the power released
in fuel.

Fuel burnup (MW d T7!) and irradiation
(Kb~1!) reached at this time step
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13 Contents of a /multicompo/ directory

This object, shown in Figure 5, is used to collect information gathered from many DRAGON elemen-
tary calculations performed under various conditions. Each elementary calculation is characterized by a
tuple of global and local parameters. These parameters are of different types, depending on the nature of
the study under consideration: type of assembly, power, temperature in a mixture, concentration of an
isotope, time, burnup or exposure rate in a depletion calculation, etc. Each step of a depletion calculation
represents an elementay calculation. The MULTICOMPO object is often presented as a multi-parameter
reactor database.

— ‘SIGNATURE’
— ‘STATE-VECTOR’
— ‘DEPL-CHAIN’

— ‘COMMENT’

— ‘GLOBAL’
— namdir

— ‘LOCAL TREE

| — ‘MIXTURES’ ‘CALCUL ATIONSZ[(microlib object)

L ‘GEOMETRIESZ’[[(geome"y object)

Figure 5: Representation of a MULTICOMPO object.

The MULTICOMPO object contains table-of-content information apart from a list of homogenized mix-
ture directories. Each homogenized mixture directory contain a list of elementary calculation directories
whose components are embedded MICROLIB objects containing the useful data. The localization of an
elementary calculation is done using a tuple of global and local parameters. The elementary calculation
indices are stored in a tree with the number of levels equal to the number of global and local parameters.
An example of a tree with three parameters is shown in Figure 6. Each node of this tree is associated
with the index of the corresponding global parameter (positive index) or local parameter (negative index)
and with the reference to the daughter nodes if they exist. The number if leafs is equal to the number of
nodes for the last (third) parameter and is equal to the number of elementary calculations stored in the
MULTICOMPO object. The index of each elementary calculation is therefore an attribute of each leaf.

(root)

Parameter nb. 1

Parameter nb. 2

Parameter nb. 3 (leafs)

Figure 6: Parameter tree in a MULTICOMPO object

In each embedded MICROLIB directory, the COMPO: module recover cross sections for a number of
particularized isotopes and macroscopic sets named ’*MAC*RES’, a collection of isotopic cross sections
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weighted by isotopic number densities. Other information is also recovered: multigroup neutron fluxes,
isotopic number densities, fission spectrum and a set of local parameters. The local parameters are values
that characterize each homogenized mixture: local power, burnup, exposure rate, etc.

13.1

State vector content for the /multicompo/ data structure

The dimensioning parameters for this data structure, which are stored in the state vector SP°,
represent:

The number of homogenized mixtures M,, = S;*°. = 0 for an empty MULTICOMPO object.

The number of groups G = S5"°

The exact number of elementary calculations in the MULTICOMPO Nga = S5P°

The maximum number of elementary calculations in the MULTICOMPO Nyax = Sy*°
The number of global parameters Ngiop, = S5P°

The number of local parameters Njo. = Sg"°

The number of global parameters linked with isotopes Ngj jso = S;po

The number of global parameters linked with MICROLIB objects Ngi pib = Sg*°

The number of local parameters linked with isotopes Nigciso = Sg¥°

The number of lines of comment Nyoc = Syb°

Geometry index Lge, = Sy1°:

I 0 the geometries are not available
8% 71 1 calculation—ordered homogenized geometries are available.

Version identificator S;5°. Currently equal to 2006. This value will change if the MULTICOMPO
specification is to be modified in the future.

The number of user-defined particularized isotopes S;%°.

Group form factor index Ngg = S75°:

—1 the group form factors will be recovered from an EDITION object

0 the group form factors are not processed

> 0 number of group form factors per energy group. The information is stored in
a MACROLIB subdirectory in the MULTICOMPO.

Nyg =

Physical albedo index Ny, = S7E°:

—1 the physical albedos will be recovered from an EDITION object

0 the physical albedos are not processed

> 0 number of physical albedos per energy group. The information is stored in
a MACROLIB subdirectory in the MULTICOMPO.

Nap, =

Discontinuity factor index Iqr = S7g":

—1 discontinuity factor information will be recovered from an EDITION object
no discontinuity factor information

multigroup boundary current information is available

discontinuity factor information (see Section 1.4) is available.

Ias =

NN = O
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13.2 The main /multicompo/ directory
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On its first level, the following records and sub-directories will be found in the /multicompo/ directory:

Table 77: Main records in /multicompo/

Name Type Condition Units Comment

SIGNATURE ., Cx12 Signature of the data structure
(SIGNA =L_MULTICOMPO).

{/namdir/} Dir Set of sub-directories, each of them containing an

independent MULTICOMPO structure

Table 78: Main records and sub-directories in {/namdir/}

Name Type Condition  Units Comment

STATE-VECTOR 1(40) Vector describing the various parameters associated
with this data structure S;P°, as defined in Sec-
tion 13.1.

DEPL-CHAIN,,, Dir * directory containing the /depletion/ associated with
directory /namdir/, following the specification pre-
sented in Section 2.4.

COMMENT Luuu  C(N{E?) %80  Si5° >0 User—defined comments about the data structure

NOMISPLLuuuu  C(SE) +8 S >1 Names of the user-defined particularized isotopes.

GLOBAL_ s Dir Table—of—content for global parameter information:
definition and tabulated values. The specification is
presented in Section 13.3.

LOCAL uuuuy  Dir S0 >1 Table—of—content for local parameter information.
The specification is presented in Section 13.4.

MIXTURES,,uu Dir(8;7) S >1 List of homogenized mixture directories. Each com-
ponent of this list follows the specification presented
in Section 13.5.

GEOMETRIES,, Dir(S;") Se=1 List of homogenized geometry directories. Each com-

ponent of this list follows the specification presented
in Section 3.2.

13.3 The GLOBAL sub-directory in /multicompo/

This directory is a table—of—content for the globals parameters. Its specification follows:
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Table 79: Contents of sub-directory GLOBAL in /multicompo/

{/gvaldir/}

{/gvaldir/}

{/gvaldir/}

R(NVALUE(J))

I(NVALUE(J))

C(NVALUE(J)) * 12

*

*

*

Name Type Condition  Units Comment

PARKEY, ,uuuu C(S5P9) % 12 User—defined key-words for the global param-
eters.

PARTYP  uuuu  C(85P°) x4 Character identification for the types of global
parameters (eg: TEMP, CONC, IRRA, etc.). Tem-
peratures are given in Kelvin.

PARFMT Luuu C(S5P°) + 8 Types for the global parameters (eg: REAL,
STRING or INTEGER).

PARCHR,Luuuu  C(S7P°) % 8 S0 >1 Isotope names linked to type-CONC global pa-
rameters.

NVALUE Luuuu  1(S5P°) Number of specific values for a global param-
eters.

PARCAD L I(S5P0+1) Address of the first element in array PARCHR.

PARPAD L 1(S5P0+ 1) Address of the first element in array PARBIB.

PARMIL  uuuun  I(SgP°) S0 >1 Mixture indices linked to type-TEMP or ~CONC
global parameters.

PARBIB L Luun  C(SgP?) + 12 S >1 MICROLIB names linked to type-TEMP or —CONC

global parameters.

Set of real global parameter arrays. Each ele-
ment of {/gvaldir/} contains a real array con-
taining the tabulated values of the J—-th global
parameter.

Set of integer global parameter arrays. Each
element of {/gvaldir/} contains an integer ar-
ray containing the tabulated values of the J-
th global parameter.

Set of characterx12 global parameter ar-
rays. Each element of {/gvaldir/} contains
a characterx12 array containing the tabulated
values of the J—th global parameter.

Item {/gvaldir/} represents a set of S¥° real, integer or character*12 records. The name of each
{/gvaldir/} record is a character*12 variable (text12) composed using the following FORTRAN in-

struction:

WRITE(text12, ("pval”, 18.8)") J

where J is the index of the global parameter with 1 < J < §;°. The global parameter values of type
REAL or INTEGER are sorted.

13.4 The LOCAL sub-directory in /multicompo/

This directory is a table-of-content for the locals parameters. Its specification follows:
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Table 80: Contents of sub-directory LOCAL in /multicompo/

Name Type Condition  Units Comment

PARKEY, ,uuun C(SgP°) = 12 User—defined key-words for the local parame-
ters.

PARTYP, L uuuu  C(8gP°) x4 Character identification for the types of local
parameters (eg: TEMP, IRRA, FLUB, etc.).

PARCHR L LuLu  C(8SgP°) x8  SgP? >1 Isotope names linked to type-CONC local pa-
rameters.

PARCAD L 1(SgP°+ 1) Address of the first element in array PARCHR.

13.5 The homogenized mixture sub-directory in /multicompo/

Each component of the list named *MIXTURES’ contains the parameter tree and a list of directories:

Table 81: Component of the homogenized mixture directory

Name Type Condition  Units Comment

TREE Luuuuwy  Dir Parameter tree. The specification is presented in
Section 13.6.

CALCULATIONS Dir(S;"°) List of MICROLIB directories. Each component

of this list follows the specification presented in
Section 2.2 with M,, = 1 (1 mixture) and M = 4.

13.6 The TREE sub-directory in a MIXTURES component

This directory contains local parameter values and the parameter tree. Its specification follows:

Table 82: Contents of sub-directory TREE in MIXTURES

Name Type Condition Units Comment

NCALS uuun I(1) Number of elementary calculations.

NVPLouoouon 1(2) NVP(1): Exact number of nodes in the param-
eter tree. NVP(2): Maximum number of nodes
in the parameter tree.

NVALUE Luuuu  1(SgP°) S0 >1 Number of specific values for a local parame-

ters.

continued on next page
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Contents of sub-directory TREE in MIXTURES
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continued from last page

Name Type

Condition  Units

Comment

{/lvaldir/} R(NVALUE(J))
DEBARB,Luuu  L(NVP(1)+1)
ARBVAL Ly I(NVP(1))
ORIGIN L  1(SP9)

S0 >1

Set of real local parameter arrays. Each ele-
ment of {/lvaldir/} contains a real array con-
taining the tabulated values of the J-th local
parameter.

- If the node does not correspond to the last
parameter: index in DEBARB of the first daugh-
ter of the node. - If the node correspond to
the last parameter: index in DEBARB where we
recover the index of an elementary calculation.
-For a global parameter: index of the param-
eter in the {/gvaldir/} record (see Table 79).
-For a local parameter: index of the parameter
in the {/lvaldir/} record

Index of the mother elementary calculation.
This information is useful to follow the histor-
ical relation between calculations.

Item {/lvaldir/} represents a set of Sg° real records. The name of each {/lvaldir/} record is a
characterx*12 variable (text12) composed using the following FORTRAN instruction:

WRITE(text12,’ ("pval” 18.8)") J

where J is the index of the local parameter with 1 < J < §P°. The local parameter values are sorted.

The parameter tree has the same number of stages as global and local parameters. The local param-
eters always follow the global parameters. For each value of the i—th parameter, the tree indicates the
beginning position of the (i + 1)-th parameter. The arrays DEBARB and ARBVAL are set to localize the
results of an elementary calculation identified by a specific parameter tuple.

An example of a parameter tree is represented here:

dn = value in DEBARB, (m)

Root
Param. Nb 1
!
Param. Nb 2 d3(1)
! !
Param. Nb 3  d5(1) 6(3)

Calculation Nb: 4

DEBARB:
ARBVAL:

= oW
= o
N N

N
= O

w

value in ARBVAL

*(0)

d7(i) 8(2) Q(é) d10

1 2 3
5 1 2 3
1 2 3
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The useful dimensions of variables DEBARB, ARBVAL and ORIGIN in Table 82 are respectively equal to
NVP(1)+1, NVP(1) and S5P°. The allocated sizes may be bigger.

Each elementary calculation is fully identified by a parameter tuple (the Fortran array MUPLET (NPTQT) ),
an integer array of dimension NPTOT= S;"°+Sg"°. The first S5*° components correspond to global param-
eter indices; the following Sg"° components correspond to local parameter indices. Here, NVP represents
the useful size of the ARBVAL array. A recursive procedure is required to search the elementary calculation
index ICAL corresponding to this parameter tuple MUPLET. Note that some components of the tuple can
be set to zero in case where the number of global and local parameters is overdetermined. The recursive
function is called using

ICAL=NICAL(1,NVP,NPTOT,DEBARB,ARBVAL,MUPLET)
and is implemented in Fortran-90 as

RECURSIVE INTEGER FUNCTION NICAL(II,NVP,NPTOT,DEBARB,ARBVAL,MUPLET) RESULT(ICAL)
INTEGER II,NVP,NPTOT,DEBARB(NVP+1),ARBVAL(NVP) ,MUPLET (NPTOT)
IF (NPTOT==0) THEN

ICAL=DEBARB(II+1)
RETURN
ENDIF
NBOK=0
IKEEP=0
DO I=DEBARB(II),DEBARB(II+1)-1
IF ((MUPLET(1)==0) .OR. (MUPLET (1)==ARBVAL(I))) THEN
JICAL=NICAL(I,NVP,NPTOT-1,DEBARB, ARBVAL,MUPLET(2))
IF(JICAL > 0) THEN
IKEEP=JICAL
NBOK=NBOK+1
ELSE IF(JICAL==-1) THEN
NBOK=2
ENDIF
ENDIF
ENDDO
IF(NBOK > 1) THEN
! Many elementary calculation exist for this tuple.
ICAL=-1
ELSE IF(NBOK==0) THEN
! No elementary calculation exists for this tuple.
ICAL=0
ELSE
ICAL=IKEEP
ENDIF
END FUNCTION NICAL

Similarly, another Fortran program can be used to search the parameter tuple corresponding to the
ICAL-th elementary calculation:

SUBROUTINE COMUPL (NVP,NPTOT, ICAL,NCALS,DEBARB, ARBVAL ,MUPLET)
INTEGER NVP,NPTOT,ICAL,NCALS,DEBARB(NVP+1),ARBVAL(NVP) ,MUPLET (NPTOT)
DO I=NVP-NCALS+1,NVP
IF (DEBARB(I+1)==ICAL) THEN
10=I
EXIT
ENDIF



IGE-351 130

ENDDO
MUPLET (NPTOT) =ARBVAL (I0)
DO IPAR=NPTOT-1,1,-1
DO I=1,NVP-NCALS
IF (DEBARB(I+1) > I0) THEN
10=I
EXIT
ENDIF
ENDDO
MUPLET (IPAR)=ARBVAL(I0)
ENDDO
END SUBROUTINE COMUPL
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14 Contents of a /CPO/ directory

This directory contains a burnup dependent hierarchical reactor database. For the purpose of illus-
tration 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 calculations used to generate EdiResults and finally CpoResults is the final cPO data structure
that contains the resulting reactor database.

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

Table 83: Main records and sub-directories in /CPO/

Name Type Condition Units Comment

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

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

{/MIXDIR/}  Dir list of sub-directories that contain homogeneous mix-
ture information

The signature for this data structure is SIGNA=L_COMPO,, . The array S§ contains the following
information:

o 5§ = Ny contains the total number of homogeneous mixtures saved.
o 585 = Mg contains the maximum number of groups considered.

e 55 = M7 contains the maximum number of isotopes.

o 5§ = My, contains the maximum order for the scattering anisotropy.

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

The list of directory {/MIXDIR/} named 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 keyword 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 Npg 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),°(14)’) J
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for 1 < J < Npg. For the example given above (Ny = 2), two such directories will be generated, namely

Table 84: Example of homogeneous mixture directories

Name

Type Condition

Units

Comment

MIXTHLuouool

Dir

MIXTHuuuuuu2 Dir

is the sub-directory that contains the information as-
sociated with homogeneous mixture 1
is the sub-directory that contains the information as-
sociated with homogeneous mixture 2

14.2 The mixture sub-directory

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

Table 85: Contents of a mixture sub-directory in /CPO/

Name Type Condition  Units Comment

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

PARAM uuon 1(4) array Pic P° containing the various parameters
associated with this mixture

VOLUME,Luun R(1) cm? parameter V; containing the volume of the re-
gion associated this homogeneous mixture in
the EDITION data structure

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

BURNUP L R(P5P?) MW d T~ 'array By, containing the burnup steps

N/KBLuuuuuun  R(PSP) Kb~ array wy, containing the fuel irradiation for the
different burnup steps

ISOTOPESNAME C(P5P°) * 12 array 1SO; containing the name of the various
isotopes saved for this mixture

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

dependent cross sections associated with this
homogeneous mixture

The following information is stored in P°P°:

. P
cpo
° 732

° P;po

= (G contains the number of groups for this homogeneous mixture.
= Ny contains the number of isotopes in this mixture.

= Ny, contains the order of the scattering anisotropy for this mixture.
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e P;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 FOR-
TRAN instructions:

WRITE(BRNDIR,’ (A8,I4)°) ’BURN o J

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

Table 86: Example of homogeneous mixture directories

Name Type Condition Units Comment

BURN, Luuuuwl  Dir is the sub-directory that contains the information as-
sociated with burnup step 1

BURN, w2 Dir is the sub-directory associated with burnup step 2

14.3 The burnup sub-directory

A burnup sub-directory contains the following records and sub-directories:

Table 87: Contents of a burnup sub-directory in /CPO/

Name Type Condition  Units Comment

ISOTOPESDENS  R(Nj) (cm b)~! array p; containing the density of each iso-
topes

ISOTOPES-EFJ  R(Ny) J array H; containing the energy produced per
fission for each isotope

FLUX-INTG,, R(G) cm st array ®J containing the integrated flux

OVERVLLLuuuw  R(G) cm™ s array 1/v9, containing the inverse of the aver-
age neutron velocity

FLUXDISAFACT R(G) array Fj; 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 iso-
topic microscopic cross section for this burnup
step

The list of directory names is specified by ISODIR = ISO; for i = 1 to N;. The first isotope ISODIR is
named MACR,,_,uuuuu and represents an equivalent macroscopic isotope with a density of 1.0 (cm b)’l.
The content of the isotopic multigroup cross section directory is described in Section 2.9.



IGE-351 134

15 Contents of a /saphyb/ directory

This object is used to collect information gathered from many DRAGON elementary calculations
performed under various conditions. Each elementary calculation is characterized by a tuple of global
parameters. These global parameters are of different types, depending on the nature of the study under
consideration: type of assembly, power, temperature in a mixture, concentration of an isotope, time,
burnup or exposure rate in a depletion calculation, etc. Each step of a depletion calculation represents
an elementay calculation. The SAPHYB object is often presented as a multi-parameter reactor database.
It is used in the SAPHYR code system.

The SAPHYB object contains table-of-content information apart from a set of specific elementary
calculation directories. These directories are themselve subdivided into homogenized mixture directories.
The localization of an elementary calculation is done using a tuple of global parameters. The elementary
calculation indices are stored in a tree with the number of levels equal to the number of global parameters.
An example of a tree with three global parameters is shown in Figure 7. Each node of this tree is associated
with the index of the corresponding global parameter and with the reference to the daughter nodes if
they exist. The number if leafs is equal to the number of nodes for the last (third) parameter and is equal
to the number of elementary calculations stored in the SAPHYB object. The index of each elementary
calculation is therefore an attribute of each leaf.

(root)

Parameter nb. 1
Parameter nb. 2

Parameter nb. 3 (leafs)

Figure 7: Global parameter tree in a SAPHYB object

In each homogenized mixture directory, the SAP: module recovers cross sections for a number of partic-
ularized isotopes and macroscopic sets, a collection of isotopic cross sections weighted by isotopic number
densities. Cross sections for particularized isotopes and macroscopic sets are recovered for selected reac-
tions. Other information is also recovered: multigroup neutron fluxes, isotopic number densities, fission
spectrum and a set of local variables. The local variables are values that characterize each homogenized
mixture: local power, burnup, exposure rate, etc. Some local variables are arrays of values (eg: SPH
equivalence factors). Finally, note that cross section information written on the SAPHYB is not transport
corrected and not SPH corrected.

15.1 The main /saphyb/ directory

On its first level, the following records and sub-directories will be found in the /saphyb/ directory:
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Table 88: Main records and sub-directories in /saphyb/

Name Type Condition Units Comment

SIGNATURE ., Cx12 Signature of the data structure SIGNA

TITLELLoooon C*80 Signature of the data structure (for this level of
specification,=?SAPHYB LIBRARY VER, 0.02°)

NOMLIB L uuuu  C*80 User—defined name of the data structure

DIMSAP L 1(50) Vector describing the various parameters associated
with this data structure S;°F

COMMEN, ,uuuu  C(NT®) %80 S >0 User—defined comments about the data structure

constphysiq, Dir General physical data

contenu ., Dir Content description

geomuuuuuy  Dir Geometric data

adresses . Dir General localization data for the cross sections

paramdescrip Dir General localization data for the global parameters

paramarbrey, Dir Global parameter tree

paramvaleurs Dir Global parameter values

varlocdescri Dir General localization data for the local variables

{/caldir/} Dir Set of Sjg¥ sub-directories containing the cross sec-

tion information associated with a specific elemen-
tary calculation.

The signature variable for this data structure must be SIGNA=L_SAPHYB_ ..

The name of each {/caldir/} directory is a character*12 variable (text12) composed using the
following FORTRAN instruction:

WRITE(text12, ("calc”,18)") J

where J is the index of the calculation with 1 < .J < S7gP.

The dimensioning parameters for this data structure, which are stored in the state vector S named
DIMSAP, are defined in the following table:

Values in DIMSAP

DIMSAP
ST NCOMLI Number of lines of comment
85 NISOTA Number of isotopes in the reference cross section library
83 NCHANN* Number of types of radioactive decay reactions
K NREA* Number of neutron-induced reaction
S NISO* Number of particularized isotopes
SgF NMAC* Number of macroscopic sets.
SF NMIL Number of mixtures in the SAPHYB
S NPAR Number of global parameters
S5 NPCHR Number of global parameters linked with isotopes
SioP NPPNT Number of global parameters linked with MICROLIB objects

St NPARL* Number of local variables.
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Values in DIMSAP (cntd.)

DIMSAP

SioF NPCHRL*
SiaF NPPNTL*
SiP NISOF*
SieP NISOP*
SieF NMGY
S NVP
i NADRX*
Siof NCALS
S50F NG

S5F NISOY*

S5aF NVERS

S5iF NSURFS

S5eF NRT

S5of NGA

S5F NPRC*

S52P NISOTS
32

S53F NMILNR*

Number of local variables linked with isotopes

Number of local variables linked with MICROLIB objects
Number of particularized fissile isotopes

Number of particularized fission products

Number of macrogroups for the fission yields (= 1)

Number of nodes in the global parameter tree

Number of address sets in array ADRX

Number of elementary calculations

Number of energy groups in the SAPHYB

Number of particularized isotopes and macroscopic sets for which fission
yields are provided.

Level of SAPHYB specification (= 2)

(not used)

Number of surfaces in the SAPHYB

(not used)

(not used)

(not used)

Number of unknowns in the reference geometry

(not used)

Number of energy groups in the reference MICROLIB

Number of delayed neutron precursors groups

Maximum number of isotopes in output tables (NISOTS < NISOTA)
Number of mixtures in the SAPHYB with delayed neutron data

Elements of array DIMSAP identified with “*” may be equal to zero. Consequently, any array using
these dimensions is optional.
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15.2 The constphysiq sub-directory in /saphyb/
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Table 89: Contents of sub-directory constphysiq in /saphyb/

Name Type Condition  Units Comment

ISOTALLLuuLL C(S57®) % 8 Alias names of isotopes in the reference MI-
CROLIB.

ISOTYPLuuuun  C(S3P) * 4 Types of isotopes in the reference MICROLIB.
=’FISS’: fissile isotope; =’F.P.’: fission
product; =’ ’: otherwise.

NOMLAM, ,Loou C(S3%)x8 S >1 Character identification of the available ra-
dioactive decay reactions.

ENRGALLLLLLL R(S58 + 1) MeV Limits of the reference multigroup energy
mesh.

ENRGS_LuuuLU R(S;’Sp +1) MeV Limits of the SAPHYB multigroup energy
mesh.

FGYSLLuuuuuu  I(STeE + 1) Indices limits in array ENERGS of the multi-

group energy mesh for the fission yields.

15.3 The contenu sub-directory in /saphyb/

Table 90: Contents of sub-directory contenu in /saphyb/

Name Type Condition  Units Comment

NOMISOLuuuuu  C(SE® S >1 Names of the particularized isotopes.

NOMMACLLLLLu  C(SeP)x8 S >1 Names of the macroscopic sets.

TYPMACLLLLLL  L(SET) S >1 Types of the macroscopic sets. = 1: select
all the available isotopes in the macroscopic
set; = 2: remove all the particularized isotope
contributions from the macroscopic set.

NOMREA  uuu  C(S;F) 12 S§;* >1 Names of the neutron-induced reactions (e.g.:
TOTALE, ABSORPTION, FISSION, etc.).

TOTMACLLuuuu  1(S3%F) Indices in array NOMMAC corresponding to to-
tal macroscopic sets (with all isotopic contri-
butions). = 0 if a total macroscopic set is not
defined.

RESMACLuuuuu  1(S5°P) Indices in array NOMMAC corresponding to

residual macroscopic sets (with isotopic con-
tributions for the non—particularized iso-
topes). = 0 if a residual macroscopic set is
not defined.
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15.4 The adresses sub-directory in /saphyb/

Table 91: Contents of sub-directory adresses in /saphyb/

Name Type Condition  Units Comment

ISADRCLLuuu  1(S5P) Equal to array ISADRX (in directory info) for
the last elementary calculation.

NISOMNLLuuuu  I(S3%F) Number of particularized isotopes in each out-

put mixture for which cross section informa-
tion is available in at least one elementary cal-
culation.

ISOMIL, L I(Niso) Niso > 1 Array containing the particularized iso-
tope indices in each output mixture.
N = (S5 4 SP) x S

ADRX,Luuuuuy  L(V2drx) - Nadrx > Offsets in the array RDATAX containing cross
section information. If the first index cor-
responds to reaction PROFILE, then ADRX is
the offset in the array IDATAP containing the
profile information of the transfer matrix.
NadEs — (S5 4 2) x (SI + Se°F) x S

The array ADRX gives the position of the first value of a cross section in array RDATAX or the first value
of profile information in array IDATAP. RDATAX and IDATAP are located in sub-directory mili//’ m’
of the sub-directory calc//’> n’. For a given reaction with index irea in array NOMREA (in sub-
directory contenu), for a particularized isotope with index isot in array NOMISO (in sub-directory
contenu), and for an output mixture with index imil, the first cross section value is located at po-
sition ADRX (irea,isot,ISADRX(imil)) of array RDATAX. ISADRX is defined in the sub-directory info of
an elementary calculation. If the address is zero, then the corresponding cross sections are not defined.

Information related to Legendre-dependent scattering information is given in the two extra locations
of the ADRX array: ADRX(NREA+1,:,:) contains the number of components for the vectorial scattering
cross sections (order of anisotropy +1); ADRX (NREA+2, :,:) contains the number of components for the
(matrix) transfer cross sections (order of anisotropy +1).

This system is designed in such a way to keep the value of S;g¥ =NADRX as small as possible.
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15.5 The geom sub-directory in /saphyb/

Table 92: Contents of sub-directory geom in /saphyb/

Name Type Condition  Units Comment

NOMMIL,Luuon  C(83%) %20 Names of the output mixtures.

XVOLMT Luuuu  R(S3?P) cm? Volumes of the output mixtures.

SURFSLLuuuun R(S5TY) | cm? Surfaces of the output geometry.

outgeomyy, Dir * Surfacic data related to discontinuity factor
information.

Table 93: Contents of sub-directory outgeom in /geom/

Name Type Condition  Units Comment

SURFLLLLuuun R(NVasurfd) cm? Surface assigned to each discontinuity factor.

15.6 The paramdescrip sub-directory in /saphyb/

Table 94: Contents of sub-directory paramdescrip in /saphyb/

Name Type Condition  Units Comment

NPAR,Luuouon I(1) Number of global parameters.

NPCHR_ uuun 1(1) Number of global parameters linked with iso-
topes.

PARNAM ,uuun C(S57) % 80 User—defined names for the global parameters.

PARKEY  uuuu  C(857F) x4 User—defined key-words for the global param-
eters.

PARTYP Lo C(S5P) x4 Character identification for the types of global
parameters (eg: TEMP, CONC, IRRA, etc.).

PARFMT Luuuu C(S5F) = 8 User—defined names for the global parameters
(eg: FLOTTANT, CHAINE, ENTIER, etc.).

PARCHR LLuuu  C(S5®) x8 S5 > 1 Isotope names linked to type-CONC global pa-
rameters.

NVALUE LLuou I(SE™) Number of specific values for a global param-
eters.

PARCAD L I(SP+1) Address of the first element in array PARCHR.

continued on next page
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Contents of sub-directory paramdescrip in /saphyb/ continued from last page

Name Type Condition  Units Comment

PARPAD L (S +1) Address of the first element in array PARBIB.

PARMIL, Luuuu  I(SiY) S >1 Mixture indices linked to type-TEMP or —~CONC
global parameters.

PARBIB Ly  C(S7Y) x12 Sipf >1 MICROLIB names linked to type-TEMP or —CONC
global parameters.

Types and units of global parameters are defined as follows:

unit description
TEMP °C Temperature
CONC 10%*/cm? Number density
IRRA MW-day/tonne Burnup
FLUB n/kb Neutron exposure
TIME S Time
PUIS MeV/s Normalization power
MASL g/cm? Mass density of heavy elements
FLUX Volume-averaged, energy-integrated flux
VALE (not defined) User-defined parameter

15.7 The paramvaleurs sub-directory in /saphyb/

Table 95: Contents of sub-directory paramvaleurs in /saphyb/

Name Type Condition Units Comment

{/pvaldir/} R(NVALUE(J)) * Set of real global parameter arrays. Each ele-
ment of {/pvaldir/} contains a real array con-
taining the tabulated values of the J—th global
parameter.

{/pvaldir/} T1(NVALUE(J)) * Set of integer global parameter arrays. Each
element of {/pvaldir/} contains an integer ar-
ray containing the tabulated values of the J-
th global parameter.

{/pvaldir/} C(NVALUE(J)) 12 * Set of character«x12 global parameter ar-
rays. Each element of {/pvaldir/} contains
a characterx12 array containing the tabulated
values of the J-th global parameter.

{/pvaldir/} is a set of Sg°F real, integer or character*12 records. The name of each {/pvaldir/} record
is a character#12 variable (text12) composed using the following FORTRAN instruction:

WRITE(text12,’ (“pval” 18)") J
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where J is the index of the global parameter with 1 < J < §*. The global parameter values of type

REAL or INTEGER are sorted.

15.8 The paramarbre sub-directory in /saphyb/

The global parameter tree has the same number of stages as global parameters. For each value of the
i—th global parameter, the tree indicates the beginning position of the (i 4+ 1)—th parameter. The arrays
DEBARB and ARBVAL are set to localize the results of an elementary calculation identified by a specific

parameter tuple.

Table 96: Contents of sub-directory paramarbre in /saphyb/

Name Type

Condition

Units Comment

NCALS_ uuuuun
DEBARB,LLuuL

I(1)

(8177 +1)

ARBVALI_H_H_H_H_H_I I(Sls;p)

ORIGIN,LuLLL

Number of elementary calculations.

- If the node does not correspond to the last
parameter: index in DEBARB of the first daugh-
ter of the node. - If the node correspond to
the last parameter: index in DEBARB where we
recover the index of an elementary calculation.
Index of the corresponding parameter in the
pval//’ n’ record.

Index of the mother elementary calculation.
This information is useful to follow the histor-
ical relation between calculations.

An example of a global parameter tree is represented here:

dn = value in DEBARB, (m) = value in ARBVAL
Root *(0)
!
Param. Nb 1 d2(1)
! !

Param. Nb 2 da3(1) 4(2)

! ! ! ! !
Param. Nb 3  d5(1) 6(3) d7(1) 8(2) 9(3) d10
Calculation Nb: 4 5 1 2 3
DEBARB: 2 3 5 710 4 5 1 2 3
ARBVAL: o1 1 2 1 3 1 2 3

The dimensions of variables DEBARB, ARBVAL and ORIGIN in Table 96 represent the useful size, not the
allocated size which may be bigger. The allocated size of these arrays may be obtained using the LCM

APT (LCMLEN with the Fortran APT).
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Each elementary calculation is fully identified by a global parameter tuple, an integer array of di-
mension S;°¥ =NPAR. A recursive program can be used to search the elementary calculation index ICAL
corresponding to a parameter tuple represented in the Fortran array MUPLET (NPAR). The recursive func-
tion is called using

ICAL=NICAL(1,NVP,NPAR,DEBARB, ARBVAL,MUPLET)
and is implemented in Fortran-90 as

RECURSIVE INTEGER FUNCTION NICAL(II,NVP,NPAR,DEBARB,ARBVAL,MUPLET) RESULT(ICAL)
INTEGER II,NVP,NPAR,DEBARB(NVP+1),ARBVAL(NVP) ,MUPLET(NPAR)
IF (NPAR==0) THEN

ICAL=DEBARB(II+1)
RETURN
ENDIF
NBOK=0
IKEEP=0
DO I=DEBARB(II),DEBARB(II+1)-1
IF ((MUPLET(1)==0) .OR. (MUPLET (1)==ARBVAL(I))) THEN
JICAL=NICAL(I,NVP,NPAR-1,DEBARB,ARBVAL,MUPLET(2))
IF(JICAL > 0) THEN
IKEEP=JICAL
NBOK=NBOK+1
ELSE IF(JICAL==-1) THEN
NBOK=2
ENDIF
ENDIF
ENDDO
IF(NBOK > 1) THEN
! Many elementary calculation exist for this tuple.
ICAL=-1
ELSE IF(NBOK==0) THEN
! No elementary calculation exists for this tuple.
ICAL=0
ELSE
ICAL=IKEEP
ENDIF
END FUNCTION NICAL

Similarly, a Fortran program can be used to search the global parameter tuple corresponding to the
elementary calculation index ICAL:

SUBROUTINE COMUPL (NVP,NPAR, ICAL,NCALS,DEBARB, ARBVAL ,MUPLET)
INTEGER DEBARB(NVP+1) ,ARBVAL (NVP) ,MUPLET (NPAR)
DO I=NVP-NCALS+1,NVP
IF (DEBARB(I+1) .EQ.ICAL) THEN
10=I
EXIT
ENDIF
ENDDO
MUPLET (NPAR)=ARBVAL (10)
DO IPAR=NPAR-1,1,-1
DO I=1,NVP-NCALS
IF (DEBARB(I+1).GT.IO0) THEN
10=I
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EXIT

ENDIF

ENDDO
MUPLET (IPAR)=ARBVAL (I0)

ENDDO
END

143

15.9 The varlocdescri sub-directory in /saphyb/

Table 97: Contents of sub-directory varlocdescri in /saphyb/

Name Type Condition Comment

NPAR Luuouon 1(1) Number of local variables.

NPCHR_ uuun 1(1) Number of local variables linked with isotopes.

PARNAM,,Luun C(S5F) x80  SiF > 1 User—defined names for the local variables.

PARKEY ,Luuuu  C(SPF) x4 SiE>1 User—defined key-words for the local variables.

PARTYP Luuuu  C(SF) x4 SiF>1 Character identification for the types of local
variables (eg: TEMP, IRRA, FLUB, EQUI, etc.).

PARFMT ,uuuu  C(SiF) x8  SiP > 1 User—defined names for the local variables (eg:
FLOTTANT, CHAINE, ENTIER, etc.).

PARCHR, LLLLu  C(S5F) x8  Sigt > 1 Isotope names linked to type—CONC local vari-
ables.

PARCAD L I(STF+1)  SF>1 Address of the first element in array PARCHR.

15.10 The elementary calculation sub-directory /caldir/ in /saphyb/

For each elementary calculation, we define a directory calc//’ n’, where n is the index of the
calculation in the global parameter tree. The results for each output mixture are stored in a directory
mili//’ m’ where mis the position index of the mixture in the array NOMMIL of the sub-directory geom.
Inside each elementary calculation directory /caldir/, the following records and sub-directories will be

found:
Table 98: Contents of sub-directory /caldir/ in /saphyb/

Name Type Condition  Units Comment

info uuuuuuy  Dir General informations about the elementary
calculation

divers o Dir Results not related to a specific mixture: in-
terface currents, koo, ke, B2, etc.

outflx Ly Dir Nisurta > 0 Discontinuity factor information.

continued on next page
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Contents of sub-directory /caldir/ in /saphyb/ continued from last page

Name Type Condition  Units Comment

{/mixdir/} Dir Set of 8°F sub-directories containing the cross
section information associated with a specific
mixture.

The name of each {/mixdir/} directory is a character*12 variable (text12) composed using the
following FORTRAN instruction:

WRITE(text12, ("mili”, 18)") J

where J is the index of the mixture with 1 < .J < 83,

15.10.1 The info sub-directory in /caldir/

Table 99: Contents of sub-directory info in /caldir/

Name Type Condition  Units Comment

NLOCLuuuouun 1(1) Number of local variables (0 <NLOC<NPARL).

NISOTSLuLwuu  I(1) Number of isotopes in output tables (S55° =
NISDTSSNISOTA).

NISFLuuuouon  I(1) Number of particularized fissile isotopes
(NISF<NISOF).

NISPLuuuouon  I(1) Number of particularized fission products
(NISP<NISOP).

NISY ouoouow  I(1) Number of particularized isotopes and macro-

scopic sets used for computing the fission
yields (NISYSNISOY).

LOCNAM, ,uuun C(NLOC) % 80 NLOC> 1 User—defined names for the local variables.
LOCKEY, ,uuun  C(NLOC) x4 NLOC> 1 User—defined key-words for the local variables.
LOCTYP Luuu C(NLOC) x4 NLOC> 1 Character identification for the types of local
variables (eg: TEMP, IRRA, FLUB, EQUI, etc.).
LOCADR, Ly I(NLOCH1) NLOC> 1 Address of the first element in array RVALOC

(sub-directory mili//’ m’) corresponding
to a local variable.
ISOTSuuuuuun  C(S357) * 8 Alias names of isotopes in output tables.
ADRY,uuouun I(NISY) NISY>1 Indices of fissile isotopes (positive values) and
fission products (negative values) in array
YLDS (sub-directory mili//’> m’).
ISADRX s 1(S3P) Used to recover the third index in array ADRX
(sub-directory adresses).

continued on next page
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Contents of sub-directory info in /caldir/ continued from last page

Name Type Condition  Units Comment

LENGDX,uuuuu 1(S3%F) Length of the cross section array RDATAX (sub-
directory mili//’> m’).

LENGDP Lo I(S3™) Length of the transfer matrix profile array

IDATAP (sub-directory mili//’ m?).

15.10.2 The divers sub-directory in /caldir/

Table 100: Contents of sub-directory divers in /caldir/

Name Type Condition Units Comment

NVDIV  uouow  I(1) Number of values in arrays IDVAL and VALDIV.

IDVAL uuuuun  C(NVDIV) x4 NVDIV> 1 Character identification for the values in array
VALDIV (KEFF, KINF or B2).

VALDIV, uuu R(NVDIV) NVDIV> 1 Values given in the order of the IDVAL array.

FLXREF Luuuu  R(S5g X S50F)  Ssad >1 Neutron flux values (region— and group—
ordered) in the reference calculation.

SCURMuLLLLLL R(S5F x S5F) Sof > 1 Entering partial currents on the surfaces sur-
rounding the geometry. The values are given
in the order of the SURF array (in sub-directory
geom).




IGE-351

146

Table 101: Contents of sub-directory outflx in /caldir/

Name Type Condition Units Comment
REGFLX,uuuu  R(NG) Averaged flux in the complete geometry.
SURFLXuuuuun  R(NVhsurtd XNG) Surfacic fluxes (Npsurfa values per energy

group) integrated over surface. The averaged
values are obtained by dividing these compo-
nents by those of SURF record in outgeom sub-
directory (see Section 15.5).

15.10.3 The mixture sub-directory /mixdir/ in /caldir/

Table 102: Contents of mixture sub-directory /mixdir/ in /caldir/

Name

Type Condition  Units Comment

CONCES L

RVALOCLuuuuu

FLUXSUUUUUUU

YLDSUUUUUUUU

IDATAP LuLLL

cinetique

10%*em~3Number density of each isotope in the output
tables. Correspond to isotopes names ISOTS
in Sect. 15.10.1.

Values of the
NVLC=LOCADR(NLOC+1) -1
Volume- and energy-integrated neutron
fluxes in the output tables.

The fission product i yield from fissile isotope
k is given as YLDS(ADRY(k),-ADRY(i)). In-
dices i and k are given in the order of array
NOMISO (in sub-directory contenu). A macro-
scopic set with a non—vanishing fission cross
section is considered as an averaged fissile iso-
tope. NY14s = (NISF+8;°F) x NISP.
Radioactive decay constants for each type of
decay reaction and each isotope of the output
tables.

Cross section data. Ndatax _[ ENGDX (m)
where m is the mixture index.

Profile information of the transfer matrix.
Ndatap —1 ENGDP (m) where m is the mixture in-
dex.

Delayed neutron data for the mixture.

R(83°)

R(NVLC) NLOC> 1 local variables.

R(85")

R(N¥lds) NISP> 1

RS x S3F) S7F>1 s

R(Ndatax) Ndatax > 1

I(Ndatap) Ndatap > 1

Dir S >1
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ADRX (in sub-directory adresses) contains the offset used to recover information from arrays RDATAX
and IDATAP:

e Starting from this offset, we recover S5i° cross section values in RDATAX, except for the scattering
cross section where we recover S5¥ values for each available Legendre order, and except for the
scattering transfer matrix where we recover N5 values for each available Legendre order. NS¢t
is defined with the IDATAP array.

e For a PROFILE type reaction, starting from this offset, we recover 2 x S5iF + 7 integer values in
IDATAP.

The transfer matrix elements are stored in the following way. The non-zero values are stored in the
order of the secondary group and, for each secondary group, in the order of the primary groups. The

2 x 8507 + 7 values describing the profile of the transfer matrix are stored in the following order:

FAGG, LAGG, FDGG, WGAL, FAG, LAG, (FDG(g),g=1,NG), (ADR(g),g=1,NG+1)

where

FAGG (not used)

LAGG (not used)

FDGG (not used)

WGAL set to 0

FAG First secondary group

LAG Last secondary group

FDG First primary group in each secondary group

ADR Address in the cross section array where data for secondary group g is beginning (the

address is relative to the isotope). The number of elements in a transfer matrix is
Nseat —ADR(NG+1)-1.
For an energy transfer g> — g and for a Legendre order L(> 0), the transfer cross section is identified
in the cross section array RDATAX as
ag;"g = RDATAX( ADRX(irea,isot,ISADRX(imil)) + Lx(ADR(NG+1)-1) + I-1 )
with I = ADR(g)+g’-FDG(g).
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15.10.4 The cinetique sub-directory in /mixdir/
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Table 103: Contents of sub-directory cinetique in /mixdir/

Name Type Condition  Units Comment

NPRULuuuouon 1(1) Number of delayed neutron precursors groups
in the mixture.

LAMBRS, ,uuun  R(NPR) NPR> 1 s 1 Radioactive decay constants of the delayed
neutron precursors groups.

CHIRSLLLLLLL  R(S5¢° XNPR)  NPR> 1 1 Delayed neutron emission spectrums.

BETARS,Luuuun  R(NPR) NPR> 1 1 Delayed neutron fractions.

INVELS i R(S5T) NPR> 1 em™'s  Group average of the inverse neutron velocity.

TGENRSLLLLuu  R(1) NPR> 1 s Prompt—neutron lifetime.
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16 Contents of a /mc/ Directory

This directory contains information generated by the MC: multigroup Monte Carlo module.

16.1

State vector content for the /mc/ data structure

The dimensioning parameters for the /mc/ data structure, which are stored in the state vector S™¢,
represent:

Nominal number of source histories M per Keg cycle Npgok = S7™¢
Number of source cycles I to skip before K. accumulation Ny, = S3*¢
Total number of cycles N in the problem Ny, = S5*¢

Initial seed for the random number generator S = &;*¢

N2N processing flag ' = S2'¢

r— 0 do not use information in the *N2N and ’N3N records
" | 1 use information in the *N2N and ’N3N records to perform the random walk

Type of tallies T = S§¢

0 no tallies
T = 1 effective multiplication factor tally
2 effective multiplication factor and macrolib tallies

The number of homogenized mixtures in the macrolib tally Mqu, = S7*¢
The number of condensed energy groups in the macrolib tally Gou, = S§*°

The number of regions in the initial geometry Vi, = &§*¢

16.2 The main /mc/ directory

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

Table 104: Main records and sub-directories in /mc/

Name Type Condition  Units Comment

SIGNATURE ,, Cx12 Signature  of  the /mc/ data  structure
(SIGNA =L MCLuuuuuun)-

STATE-VECTOR 1(40) Vector describing the various parameters associated
with this data structure S/"¢, as defined in Sec-
tion 16.1.

K-EFFECTIVE, R(1) Effective multiplication factor Kog

K-EFFECTI-SD R(1) Standard deviation of the effective multiplication fac-
tor AKeg

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

Name Type Condition  Units Comment

REF:IMERGE., I(Nin) T=2 Merged region number associated with each of the
original region number in the macrolib tally M,

REF:IGCOND,, I(Gow) T =2 Reference group limits associated with the condensed
groups in the macrolib tally Cj,

MACROLIB,, ., Dir T=2 Directory containing the /macrolib/ structure asso-

ciated with the macrolib tally, following the specifi-
cation presented in Section 1.2.
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17 Contents of a /draglib/ directory

The DRAGLIB format provide an efficient way to store burnup data and multigroup isotopic nuclear
data to be used in a lattice code. A DRAGLIB file is a persistent LCM object (an XSM—formatted file)
used to organize the data in a hierarchical format. Therefore, it will be easy to convert back and forth
between the binary direct access format (efficient during a lattice calculation) and the AscI export
format (usefull for backup and exchange purposes). A library in DRAGLIB format is generally built
using the dragr module available in an inhouse version of NJOY.[’l The optional capability to define
energy-dependent fission spectra is available, as described in Ref. 2.

A DRACGLIB is an LCM object with a depletion chain and a set of isotopic sub-directories located on
the root directory. Each isotopic sub-directory contains infinite dilution nuclear data for a set of absolute
temperatures. Incremental values corresponding to finite dilutions are given on the last directory level.

The first group corresponds to highest energy neutrons. Every cross section is given in barn. Finally,
note that the lagging zeros of any cross section record can be removed from that record in order to save
space on the DRAGLIB. The lattice code will therefore have to pack any uncomplete cross section record
with zeros.

17.1 The main /draglib/ directory

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

Table 105: Main records and sub-directories in /draglib/

Name Type Condition  Units Comment

SIGNATURE_ .., Cx12 Signature of the data structure
(SIGNA =L_DRAGLIB_, ).

VERSION, o Cx12 Version identification. Currently equal to

’RELEASE_2003°. This value will change if the
DRAGLIB specification is to be modified in the

future.
README, L C(N dgl) * 80 User—defined comments about the library.
ENERGY Luuuu  R(G+1) eV E(g): Group energy limits in eV. Group g is defined

as E(g) < E<E(g—1).

CHI-ENERGY,, R(Gehi+1) G #0 eV Eui(g): Group energy limits defining the energy-
dependent fission spectra. By default, a unique fis-
sion spectra is used.

CHI-LIMITS., I(Geni+1) Geni #0 Neni(g): Group limit indices defining the energy-
dependent fission spectra. By default, a unique fis-
sion spectra is used.

DEPL-CHAIN,, Dir * directory containing the /depletion/ associated with
this library, following the specification presented in
Section 2.4. (*) This data is required if the library
is to be used for burnup calculations.

{/isotope/} Dir Set of sub-directories containing the cross section in-
formation associated with a specific isotope.
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where G is the number of energy groups. For design reasons, the DRAGLIB object has no state vector
record.
17.2 Contents of an /isotope/ directory

Each /isotope/ directory contains information related to a single isotope. This information is written
using one of the following formats:

e a temperature—independent isotopic data is written using the format described in Tables 16 to 22
of the MICROLIB specification. Such isotopic data is typically produced by the EDI: module.

e a temperature-dependent isotopic data, tabulated for Ni.,, temperatures, is written using the
format presented in Table 106.

Table 106: Temperature-dependent isotopic records

Name Type Condition Units Comment

README i C(N i5") * 80 User—defined comments about the isotope.

AWRLuououun R(1) nau  Ratio of the isotope mass divided by the neutron
mass

TEMPERATURE, R(Nimp) K Set of temperatures, expressed in Kelvin.

{/tmpdir/} Dir Set of Nipp sub-directories, each containing the

cross section information associated with a spe-
cific temperature.

BIN-DELI . R(1) * eV Elementary lethargy width of the Autolib
lethargy mesh.
BIN-NFS_Luu  I(G) * Number of fine energy groups npin,q in each group

g. May be set to zero in some groups. (*) This
data is optional and is useful when advanced self-
shielding models are used in the lattice calcula-
tion.

BIN-ENERGY,,;, R(Npin+1) * eV Fine group energy limits in eV. Here, Npy, =
>y Mbing- (*) This data should be given if and
only if the record ‘BIN-NFS’ is present.

The name of each {/tmpdir/} directory is a characterx12 variable (text12) composed using the
following Fortran instruction:
WRITE(text12,” (YSUBTMP”, 14.4)") J

where J is the index of the temperature with 1 < J < Niyyp,.

Each /tmpdir/ directory contains information related to a single isotope at a single temperature. This
information is written using one of the following formats:

e If the isotope contains no self-shielding data (i.e., if the isotope is only present at infinite dilution),
then the isotopic data is written using the format described in Tables 16 to 22 of the MICROLIB
specification.

e If the isotope contains self-shielding data, then the infinite-dilution isotopic data is written using
the format described in Tables 16 to 22 of the MICROLIB specification. In this case, additional
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data is required to represent the dilution dependence of the cross sections. This additional data is
presented in Table 107.

Table 107: Temperature-dependent isotopic records

Name Type Condition  Units Comment

DILUTION Lo R(Nap) b Set of finite dilutions o, expressed in barn. Note:
the infinite dilution value (1.0E10) is not given.

{/dildir/} Dir Set of Ngij sub-directories, each containing the

incremental cross section information associated
with a specific dilution.

BIN-NTOTOLuu R(Npin) * b Microscopic total cross sections oP™N(h) defined
in the fine groups. (*) This data should be
given if and only if the records ‘BIN-NFS’ and
‘BIN-ENERGY’ are present in the parent directory.

BIN-SIGSOO,, R(Npin) * b Microscopic diffusion cross sections o2 (h) for
an isotropic collision in the laboratory system de-
fined in the fine groups. (*) This data should
be given if and only if the records ‘BIN-NFS’ and
‘BIN-ENERGY’ are present in the parent directory.

The name of each {/dildir/} directory is a character*12 variable (text12) composed using the
following Fortran instruction:
WRITE(text12, (SUBMAT", 14.4)") K

where K is the index of the finite dilution with 1 < K < Ng;.

The fine-group cross sections in records BIN-NTOTO,,,, and BIN-SIGS00,, are normalized to the coarse
group values o(g) and oscato(g) in such a way that

hmin+ NP (g)

. N Ll )
G(g)_ln[E(g—l)/E(g)] h:giﬂ (k)1 { EPT(h) }
and
B ) Rmin+ NP (g) ix EBIN(h — 1)
oeld) = GG, L, o | T
where
g—1
hmin = Z NBIN (Z)

Nuclear data stored on sub-directory /tmpdir/ is infinite dilution data related to a single isotope at a
single temperature. Nuclear data stored on /dildir/ and corresponding to dilution o, is incremental data
relative to infinite dilution data:



IGE-351 154

00x(g,0¢) = Ix(g,0c) — 0x(g,00) = 0x(g,0¢) (g, 0c) — ox(g,00)

and

dp(g,0e) = @(g,0e) — 1

where Ix(g,0.) is the effective resonance integral and (g, 0.) is the averaged fine structure function at
dilution o.. Note that (g, 00) = 1.
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18 Contents of a /fview/ data structure

This directory contains information generated by the VAL: module used to interpolate the diffusion
flux computed for Cartesian geometries. The following options of calculations are currently implemented:

e 3D geometries tracked with TRIVAT: using PRIM (aka, variational collocation) method
e 3D geometries tracked with TRIVAT: using DUAL (aka, Raviart-Thomas) method

e 3D geometries tracked with TRIVAT: using MCFD (aka, nodal collocation) method

18.1 The state-vector content

e The total number of energy group Ny = S;

e The number of mesh along X direction N, = S

The number of mesh along Y direction N, = S3

The number of mesh along Z direction N, = Sy

18.2 The main /fview/ directory

Table 108: Records and sub-directories in /fview/ data structure

Name Type Condition  Units Comment

SIGNATURE ., Cx12 Signature of the /fview/ data structure
(SIGNA =L_FVIEW,_ ).

STATE-VECTOR I(40) Vector describing the various parameters as-
sociated with this data structure S

MXT uouoouon R(NZ) array containing the mesh position along X-
direction.

MYT, L ouuuoun R(Ny) array containing the mesh position along Y-
direction.

MZIuouoooon R(NZ) array containing the mesh position along Z-
direction.

FLUXLLuwuuow  Dir(INg) List of real arrays. Each component of this
list is a real array of dimension IV, * Ny * N,
containing the interpolated values of the flux
in the energy group.
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