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Summary

The computer code DRAGON contains a collection of modelsdaa simulate the neutron behavior of a unit
cell or a fuel assembly in a nuclear reactor. It includeshaiftinctions that characterize a lattice cell code, namely:

e interpolation of microscopic cross sections supplied bydard libraries;
e resonance self-shielding calculations in multidimenalgeometries;
e multigroup and multidimensional neutron flux calculatidinat can take into account neutron leakage;

e transport-transport or transport-diffusion equivalenakulations as well as editing of condensed and ho-
mogenized nuclear properties for reactor calculations;

e isotopic depletion or fuel burnup calculations.

Two neutron flux solution procedures are currently progratim DRAGON:
e the collision probability method (CPM);
e the method of characteristics (MOC).

Both procedures rely on the same basic approximation, natielsources (fission, scattering or external) inside
each region over which the integrated flux is evaluated israsd flat. In addition, they are obtained by integrating
the transport equation numerically over the neutron divastand space. As a result, DRAGON has been written
in such a way that the various numerical quadrature optionsd in the code (the so-calledcking procedurgs
are all coherent and the information they generate is cabipatith both CPM and MOC.

The execution of DRAGON is managed via the GAN generalizéeedr The code is modular and can be
interfaced easily with other production codes, includimg finite reactor code DONJON.
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1 INTRODUCTION

The computer code DRAGON® results from an effort made &cole Polytechnique de Montréal to ratio-
nalize and unify into a single code different models and @dilgms used to perform lattice cell calculations based
on solutions to the neutron transport equation. One of thia nancerns of the DRAGON development team has
always been to ensure that the structure of the code remadtstkat the development and implementation of
new calculation techniques is facilitated. DRAGON is tliere a lattice cell code divided into many calculation
modules that are linked using the GAN generalized df¥#rThese modules exchange information only via well
defined data structures.

The main components of the code DRAGON are:

¢ the library access module that reads various microscopgasection library formats;

e the tracking modules that process a geometry and genetaggation lines to be used for collision proba-
bility (CP) evaluation or to solve the transport equatiomgshe method of characteristics (MOC);

e the multigroup flux solver used to obtain CP based solutiortisé transport equation;
e dedicated modules to solve the multigroup transport eqoaising the method of characteristic;

e the burnup module that solves the Bateman equation to detetime isotopic contents of various mixtures
(in a lattice or out of core) with time;

¢ the editing module that is used for homogenization and cagatén of microscopic and macroscopic cross
sections using a flux volume weighting as well as equival@noeedures to preserve reaction rates.

One important feature of DRAGON is its ability to process &magk a selection of geometries in one, two and
three dimensions. In addition the tracking modules comaiious flavor depending on the level of approximation
used in the CP or MOC solution to the transport equation. kamgple:

e the JPM tracking module uses the interface current teclerfiqueach homogeneous zones associated with
a geometry {+ method)®

e the SYBIL tracking module emulates the main flux calculatiption available in the APOLLO-1 cod®L1]
and includes a new version of the EURYDICE-2 code that perforeactor assembly calculations in both
rectangular and hexagonal geometries using the interfacert method;

e the EXCELL tracking module generates the CP and MOC trackites for isolated 2-D CANDU fuel
clusters and for two or three dimensional assemblies atingaimixed rectangular/cylindrical celfL3]

e the NXT tracking is a generalization of the EXCELL trackingdule to assemblies 2-D and 3-D clusters
cells14+18]

In principle, SYBIL is more accurate than JPM due to the faett it performs a complete calculation of
the collision probabilities on the whole or a large part o thomain therefore avoiding the use of an angular
approximation for the flux on a large number of interfacemifairly, the standard tracking option of the EXCELL
and NXT modules, while being more expensive from the pointiedv of computing time, yield results that are
more precise than those based on a SYBILT tracking becauspproximation is required at region interface.
Finally, the cyclic tracking option programmed in the EXQEand NXT module provides even better results
since it can treat explicitly specular boundary conditifiimsited to two dimensional rectangular geometi#LS]

After the collision probability or response matrices ass@el with a given lattice have been generated, the
multigroup solution module can be activated. This moduksubke power iteration method and requires a number
of iteration typed?¥ The thermal iterations are carried out by DRAGON so as tolagioe the flux distribution
only in cases where neutrons undergo upscattering. Thergtawations are performed to solve the fixed source
or eigenvalue problem in the cases where a multiplicativeiome is analyzed. For problems without eternal
sources, the effective multiplication factdr, () is obtained at the end of the power iterations. A searchtfer t
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critical buckling may be superimposed upon the power ii@natso as to force the multiplication factor to take an
imposed valué?l Similar procedures are also used to solve the MOC transpagt®n?2:2€]
DRAGON can access directly microscopic cross-sectiomtibs having the following standard formats:

o DRAGLIBF;
o MATXSEST
o WIMS-D4RTH34
o WIMS-AECLES,

It can also exchange macroscopic cross-section libraiitbscawdes such as TRANSX—CTR or TRANSX-2 by the
use of GOXS and ISOTXS format fild&3¢] The macroscopic cross section can also be read in DRAGOM&ia t
input data stream (useful for few groups benchmarking ésesg.
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2 GENERAL STRUCTURE OF DRAGON INPUT

The inputto DRAGON is in the form of an input data structurateaning commands that call successively the
calculation modules of DRAGON or the CLE-2000 proced&f8sequired in a given lattice cell calculation. The
DRAGON CLE-2000 procedures are themselves DRAGON input sfatictures and have the same syntax as the
main DRAGON data structure.

In general, the main input data structure for a DRAGON exeout an ASCII file that is identified by 12
characters (case dependent) including an optiorah extension. A CLE-2000 procedure is also a file identified
by 12 characters (again case dependent). However, two fileatooptions are available for these procedures.
First, the procedure can be provided in an ASCII format (iifiel by the.c2m extension). In this case, it is
compiled by the GAN generalized driver (preprocessed) badésulting information is stored in a direct access
binary file (extensiono2m). This is the file that is processed during a DRAGON executime can also provide
the procedure directly via a direct access binary file (esino2m). In that case, the GAN generalized driver
transfers directly the information to DRAGON for proceggihis is mainly used to store reference procedures
because they are impossible to modify (the explicit costefithese compiled procedures is also hidden from the
user).

2.1 Data organization

The instructions to control the execution of DRAGON areathin a file (also known as the the input deck or
the INPUT data structure) as a collection of sequenfi8ICII record. The logical organization of the input deck
is in the form of a list of free format input variables and keyds. The instructions must be located in the first 72
columns of each record in the input stream. Charactersdddatcolumn 73 and higher are treated as comments
(they can be used to identify a record). An input variablelwadlefined in one of two ways.

e As a set of consecutive characters containing no blanksijliber automatically interpreted by DRAGON
as being either aNTEGER a REAL aDOUBLE PRECISIOMNr aCHARACTERariable depending on
the format of the input variable. The identificationIfTEGER REALandDOUBLE PRECISIONari-
ables follows the FORTRAN prescriptions, everything etsalitomatically assumed to represent a character
variable.

e As a set of characters enclosed between quotation marks)( In this case, the information is always
assumed to represent a character variable.

The only separator allowed between two input variables & @nmore blank character (not enclosed between
guotation marks). A single input variable cannot span twmrds. Comments can also be included in the input
deck as folows:

e charactersin column 73 or higher on a record;
e each record starting with the character
e characters on a record followind a

e characters on a record following thekeyword.

These comments are not transferred to DRAGON during theugoecbut are useful to document the input data
structure.
This users guide was written using the following convergion

e An input structure represents a set of input variables. idestified by a name in boldface surrounded by
parenthesis. For example, the complete DRAGON input derkpisesented by the structuigRAGON);

e A standard DRAGON data structure represents a set of reeoididirectory stored in a hierarchical format
on a direct access XSM file or in memory via a linked ¥t is identified by a name in small capital letters.
For example, the data structuxeMP1J contains the multigroup collision probability matricesngeated by
the ASM: module of DRAGON;
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The variables presented using tiipewriter font are character variables used as keywords. For example
GEO:is the keyword required to activate the geometry readinguteof DRAGON.

The variables intalics are user defined variables. When indexed and surroundedégthasis they denote
arrays. If they are in lower case they represent either @rtggpe (starting with to n) or real type (starting
with a to h or o to 2) variables. If they are in upper case, they represent ctarfpe variables. For
examplejprint must be replaced in the input deck by an integer variabterdy(g), g=1,ngroup+1) states
that a vector containinggroup+1 real elements is to be read whit¢LE must be replaced by a character
variable, its maximum size being specified. No charactaake can exceed 72 characters in length.

The variables or structures surrounded by single squaokétsl ] are optional.

The variables or structures surrounded by double squackdtsd[ ]| are also optional. However, they
can be repeated as many times as required.

The variables or structures surrounded by curly braces eparated by vertical bafs || |
various calculation options available in DRAGON. Only ori¢h@se options is permitted.

_} represent

The variables or structures surroundedby << represents CLE-2000 output parametéfs,

When a fixed default value is specified for an optional parameta structure, then that parameter is reini-
tialized to its default value every time the module is callé¢hen a floating default value is specified, it is saved
on the output data structure and can be used in future catliganodule provided it is then provided as input
to the module (read only or update mode). In DRAGON, mostuefalue are floating, the exception being the
parameteiprint (default value of 1) that is used to control the amount of infation printed by each module.
Departure from this general rule will be indicated clearlyhe following sections.

2.2 DRAGON Data Structure and Module Declarations

DRAGON is built around the GAN generalized driV88 Accordingly, all the modules and procedures that
are used in an input deck must be declared. One must also dediiermat of each data structure that will be
processed by these modules. The modules and proceduresddqua specific calculation are called successively,
the information generated by the execution of one or seveoalules being transferred (as requested by the user)
to other modules via the data structures. Finally, the eii@tuis terminated by calling thEND: module. This
is true even if additional data records may be present inrthatidata stream. The general input data structure
therefore follows the calling specifications given below:

Table 1: StructuréDRAGON)

[ MODULEMODNAME (i), = 1, Np) 5 ]
[LINKED_LIST (STRNAME(:),i=1,Nyg); ]
[ XSMFILE (STRNAME(i),i =1,Nx); ]

[ SEQBINARY (STRNAME(i),i = 1,Ng) ; |
[ SEQASCII (STRNAME(),i=1,N4); |

[ PROCEDURBPROCNAMK(:),i = 1,Nu) ; |
[[ (module); 1]

END:;

where

MODULE keyword used to specify the list of modules to be used in tkésetion.
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MODNAME list of Njs character * 12 name of DRAGON or utility module. The list of DRAGON module
is provided in Section 213 while the utility modules are pded in theGANLIB user guidd?
The number of module declaréd,; depends on the particular application of DRAGON.

LINKED_LIST keyword used to specify the data structures that will beestan linked lists.

XSMFILE keyword used to specify the data structures that will besstan XSM format files.
SEQBINARY  keyword used to specify the data structures that will besstan sequential binary files.
SEQASCII keyword used to specify the data structures that will besstam sequential ASCI! files.

STRNAME list of Ny, Nx, Np or N character =*12 name of data structures. The type and format
(LINKED_LIST , XSMFILE , SEQBINARY andSEQASCII ) of various DRAGON data struc-
tures is presented in Sectibn2.4.

PROCEDURE keyword used to specify the user defined procedures to beinisigid DRAGON execution.

PROCNAME list of Nj; character *12 name of DRAGON procedure. These procedures are stored in a
file with namePROCNAME.c2m and contain standard DRAGON instructidfl

(module) input specifications for a DRAGON or utility module. For th(RBGON specific modules,
these input structures are defined in Sedtion 3. For utilingates, the equivalent information is
provided in report IGE-159 and IGE-16#1.

END: keyword to call the normal end-of-execution utility module

; end of record keyword. This keyword is used by DRAGON to délthe part of the input data
stream associated with each module.

Note that the user generally has the choice to declare makeafata structures in the format of a linked list
to reduce CPU times or as a XSM file to reduce memory resouegeral exceptions to this general rule exist
including the tracking filesEQBINARY) and the PostScript graphical filSEQASCII ). The data structures
stored orLINKED_LIST andXSMFILE can be archived on sequential ASCII files for backup purpdie.input
data normally ends with a call to tHeND: module.

Finally (module) contains a description of the execution modules to be caldedell as its associated input
structure. All the modules can be called more than once.

2.3 The DRAGON Modules

The code DRAGON is divided into 27 main calculation modul8sme of these modules perform identical
tasks but using different calculation techniques (i.e. fitie tracking modules) while others combine several
modules (i.e. EXCELL: that combineASM: andEXCELT:). One of the modules, nameBIVACT: , can only
be called indirectly as a sub-module®I: . These modules perform the following tasks:

MAC: generates or modifies a DRAGQWACROLIB (see Sectiof 214) that contains the group ordered
macroscopic cross sections for a series of mixtures (se@®8Ec1). ThemACROLIB generated
can be an independent data structure or included as a sttios&in amiCROLIB. The spatial
positioning of these mixtures in a geometry is provided ®/GiEO: module (see Sectidn 3.3).

LIB: generates or modifies a DRAGOWNCROLIB (see Sectioh 214). It can read different formats of
microscopic cross-section libraries (see Sedfioh 3.2)redtly the DRAGLIBZA, MATXS28128]
WIMS-D4RT34] and WIMS-AECLES formats are supported. After having interpolated the mi-
croscopic cross-sections for each isotope in temperahdeldution, they are then multiplied
by the isotopic concentrations (particles per®) and combined in such a way as to produce an
embeddediAcRoOLIB (see Sectiofn 214). The spatial positioning of these migtim@ geometry
is provided by the&SEO: module (see Sectidn 3.3).
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GEO:

EXCELT:

NXT:

SYBILT:
JPMT:
BIVACT:

SHI:
ASM:

EXCELL:

FLU:

MOCC:

MCU:

EDI:

EVO:

INFO:

CPO:

CFC:

MRG:

PSP:

SAD:

PER:
HST:

generates or modifies a geometry (see Setfidn 3.3).

tracks the geometry using the standard EXCELL procedur2fbrand 3—D assemblies of mixed
cartesian/annular or hexagonal/annular cells as well@dated 2-D cells containing CANDU-
type clusters (see Sectibn 314.2).

tracks the geometry using the NXT procedure for 2—D and 3-derablies of cells containing
CANDU-type clusters (see Sectibn 314.3).

tracks the geometry using the interface current technisee $ectioh 3.4.4).
tracks the geometry using thie. technique (see Sectién 3.14.5).

tracks the geometry using a diffusion type algorithm (seeti®e{3.4.6). This module can only
be called indirectly as a sub-moduleedl: .

performs resonance self-shielding calculations (sed@d#813).

generates multigroup response or collision probabilityrivas (see Section 3.6.1) based on
tracking information.

combines th&aXCELT: tracking module and the assembly modaeM: thereby avoiding the
generation of a binary tracking file (see Secfion 3.6.2).

solves the transport equation for the flux using the multigriesponse or collision probability
matrices (see Secti¢n 3.7).

solves the transport equation for the flux using the cyclithmé of characteristics with mirror
like boundary conditions for 2-D geometry (see Sedfioni}.822%]

solves the transport equation for the flux using the methathafacteristics with white boundary
conditions for 3-D geometry (see Sectfon 318222

performs editing for the flux, cross sections and reactitesrésee Section 3.9) according to
regional homogenization and energy condensation regeimésn

solves the Bateman equations for the time (burnup) depéimtegopic contents of the mixtures
in amICROLIB (see Section 3.10).

computes the density and isotopic contents of heavy or ligtier and the isotopic contents of
UO, or ThUG;, fuels (see Sectidn 3.1.2).

creates a simplified reactor cross section database (sterfsed).
creates a reactor cross section database with Feedbadikienés (see Sectidn 3118739

pre-homogenizes a geometry tracked using the moEMIEELT: or NXT: (see Sectioh 3.14).
This module can also segmeMXT: based tracking files for use with multistep CP integration
in the ASM: module.

generates PostScript images for 2—D geometries that caadiest byEXCELT: or NXT: (see
Sectior 3.1b).

computes the generalized adjoint fluxes associated withogenized and condensed cross-
sections (see Sectign 3] 116344

performs perturbation theory calculations (see Se€fing)#2#]

manages a full reactor execution in DONJ&Ausing explicit DRAGON calculations for each
cell (see Sectiopn 3.1 #3649
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TLM: creates MatlaB? m-file  to generate a graphics representation oNXg: tracking lines (see
Sectior 3,104

FMT: performs dedicated editing for the flux, cross sections aadtion rates (see Sectibn]3.9) ac-
cording to regional homogenization and energy condensatiguirements for other codes (see
Section3.202

ITR: performs dedicated editing to generate TRIPOLI importdites (see Section 3.2 53

2.4 The DRAGON Data Structures

The transfer of information between the DRAGON executiomlnies is ensured by well defined data structure.
They are generally created or modified by one of the DRAGONTtitityumodules. Here we will give a brief
description of these data structures, their complete otsiteeing described in report IGE-28D.

The execution of a sequence of module by DRAGON can be replaga sequence of DRAGON executions
calling a single module provided the data structure geadrhy the different modules are save on a physical
support (created on aXSMrfile or exported to &KSMor a sequentiadSCIl file). These files can be re-imported
for a new DRAGON execution and then used for subsequentlasitmus. This is also the preferred method for
restarting an execution that has been stopped prematurely.

MACROLIB a standard data structure used by DRAGON to transfer gralgred macroscopic cross sections
between its modules. It can be a stand-alone structureanibe included into a larger structure,
such as a1ICROLIB or anEDITION structure. When used by a DRAGON module it must be
stored either in a linked list or an XSM file. It can be creatgdtee MAC:, LIB: andEDI:
modules. It can also be modified by t&&ll: and EVO: modules. Such a structure (either
stand-alone or as part ofaCROLIB) is also required for a successful execution of A&M:
andFLU: modules.

MICROLIB a standard data structure used by DRAGON to transfer miopds@nd macroscopic cross sec-
tions between its modules. It always includegAcrROLIB substructure. It can be a stand-alone
structure or included into a larger structure, such ag@aTrioN structure. When used by a
DRAGON module it must be stored either in a linked list or anNKflle. It can be created by
theLIB: andEDI: modules. It can also be modified by theAC:, SHI: andEVO: modules.

GEOMETRY a standard data structure used by DRAGON to store the gepadecription. It can be a stand-
alone structure or included into a larger structure, sucinashercEOMETRY structure. When
used by a DRAGON module it must be stored either in a linkadlien XSM file. It is created
by theGEO: module. Itis required for a successful execution of the nleglPMT:, SYBILT: ,
EXCELT:, EXCELL:, NXT:, BIVACT: . It can also be used by tH&SP: module EXCELT:
compatible 2—D geometries).

TRACKING a standard data structure used by DRAGON to store the gemaciing information. It is a
stand-alone structure. When used by a DRAGON module it maistdred on a linked list (or
an XSM file when theNXT: module is considered). It can be created byIR®T:, SYBILT: ,
EXCELT:, EXCELL: andNXT: modules. Itis required for a successful execution ofABM:,
FLU:, MOCCMCU; EDI: , EVO:, SAD: andPER: modules. It can also be used by tM&G:
andPSP: modules.

ASMP1J a standard data structure used by DRAGON to store the mulifgresponse and collision prob-
ability matrices. It is a stand-alone structure. When usg@ IDRAGON module it must be
stored on a linked list or an XSM file. It is created by #h8M: andEXCELL: module. It is
required for a successful execution of fileU: module.

FLUXUNK a standard data structure used by DRAGON to store the flukesadjoints, the generalized
adjoints, the multiplication constant (multiplicativeotlem without leakage and no external
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EDITION

BURNUP

CPO

FBMXSDB

HISTORY

sources), the leakage coefficients and the buckling (nigkitive problem with leakage and no
external sources). It is a stand-alone structure. When bgedDRAGON module it must be
stored on a linked list or an XSM file. It is created by theU: , MOCC; MCU: and SAD:
modules. It is required for a successful execution offld: andEVO: modules. It can also
be used by th®SP: module.

a standard data structure used by DRAGON to store condenskldcemogenized microscopic
and macroscopic cross sections. Itis a stand-alone stauttat can contain embeddedCcRroLIB
andMmICRoOLIB sub-structures. When used by a DRAGON module it must bedtume linked
list or an XSM file. Itis created by theDI: module. Itis required for a successful execution of
the CPO: module.

a standard data structure used by DRAGON to store burnupniafiion. It is a stand-alone
structure that must be stored on a linked list or an XSM filés tireated by th&VO: module.
Such a structure is also required for a successful execafitre CPO: module. It can also be
used by the.IB: andHST: module.

a standard data structure used by DRAGON to store a simpliéiactor dabase. It is a stand-
alone structure that must be stored on a linked list or an X$ fi is created by th€PO:
module. It is required for a successful execution of @€C: module. It can be used by the
CRE: module of DONJON#3!

a standard data structure used by DRAGON to store a full se@cdss section database with
Feedback coefficients. It is a stand-alone structure that bristored on a linked list or an XSM
file. It is created by th€FC: module. It can be used by tié=M: module of DONJONZ943]

a standard data structure that contains the informationired|to ensure a smooth coupling of
DRAGON with DONJON when an history based full reactor cation is to be performed. Itis
a stand-alone structure that must be stored on a linkedrlest XSM file. It is only used by the
HST: module of DRAGON. It can be used and modified by several machfil® ONJONH>4E]
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3 THE DRAGON MODULES

The input to DRAGON has the form of a series of input data $tmeés that are call successively during the
execution. These input data structures can be interspaitieaalis to utility modules, procedures and GANLIB
structure and variables definitions. Each input data siraatontains an execution command (a module) and data
(instructions for the module). In the following sub-seatiove will describe the input data structures associated
with each modules of DRAGON.

3.1 TheMAC: module

The MAC: module is used to store the macroscopic cross sectionsiatesbwith a mixture in aMACROLIB.
The MAC: module can process the information in one of three diffenenyts. First, it can read the cross sections
directly from the input stream. It can also read this infotisrafrom a GOXS format binary sequential &8l
It should be noted that a number of GOXS files may be read ssigedsby DRAGON and that it is possible
to combine data from GOXS files with data taken from the ingregasn. Finally, theuACROLIB can also be
created using information onniCROLIB or EDITION data structure. This module can also be used to transfer the
macroscopic cross sections stored maCcROLIB to a GOXS format binary file.

The general format of theIAC: input data structure is the following:

Table 2: StructuréMAC:)

{ MACLIB :=MAC: [ MACLIB ]:: (descmac) (descmaci)
MICLIB :=MAC: MICLIB :: (descmac) (descmaci)
MACLIB :=MAC: [ MACLIB | OLDLIB :: (descmac) (descmacm)
MICLIB :=MAC: [ MICLIB | OLDLIB :: (descmac) (descmacm)

The first form is for the case where a singleCcROLIB is involved (creation or update), the second form corre-
sponds to the case where a single€RrOLIB is to be updated, the third form is valid when tmaCcROLIB are to

be combined and finally the fourth form is used to combine tworRoLIB. The meaning of each of the terms
above is:

MACLIB character *12 name of amACRoOLIB that will contain the macroscopic cross sections. When
MACLIB is created, all macroscopic cross sections are first iizi@dlto zero.

MICLIB character *12 name of amICROLIB. Only the MACROLIB data substructure of thisi -
CROLIB is then updated. This is used mainly to associate fixed seutersities with various
mixtures. If any other cross section is modified for a specifigture, the microscopic and
macroscopic cross sections are no longer compatible. Omeetarn to a compatible library
using the library update module (see Seclion 3.2).

OLDLIB character *12 name of auACROLIB or aMICROLIB that will be used to update or create a
MACROLIB Or aMICROLIB.

(descmac) generaMAC: processing instructions (see Secfion 3.1.1).

(descmaci) instructions to read the macroscopic cross sections frerimthut data stream (see Secfion3.1.2).

(descmacm) instructions to transfer the macroscopic cross sectiam LDLIB to MACLIB or MICLIB
(see Section 3.11.3).
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3.1.1 Theldescmac)nput structure foMAC:

The(descmac)nput structure takes the form:

Table 3: Structur¢descmac)

[ EDIT iprint
[ NMIX nmixt |
[ NIFI nifiss]
[ ANIS naniso|

Here

EDIT keyword used to modify the print levédrint.

iprint index used to control the printing in this module. It must bete O if no printing on the output
file is required. The macroscopic cross sections can beenritt the output file if the variable
iprint>2. The transfer cross sections will be printedgfint>5. The normalization of the
transfer cross sections will be checkedifint>10.

NMIX keyword used to define the number of material mixtures. Tfrmation is required when the
number of mixtures on th&#ACLIB is to be increased. WheWACLIB is in creation mode,
one assumes that at least one mixture will be addechamgt=1. WhenMACLIB is in update
modenmixt is selected as the maximum mixture number currently stonddACLIB .

nmixt the maximum mixture number (a mixture is characterized bgigue set of macroscopic cross
sections) that will be defined in this execution of MM&C: module. The value effectively used
by DRAGON will be the maximum betweemnixt and the maximum mixture number defined
on MACLIB .

NIFI keyword used to specify the maximum number of fissile spettasociated with each mixture.
Each fission spectrum generally represents a fissile isofde information is required only if
MACLIB is created and the cross sections are taken from the inpusttaam.

nifiss the maximum number of fissile spectrum per mixture. By defaifilts=1.

ANIS keyword used to specify the maximum level of anisotropy ptedh in the scattering cross sec-
tions. This information is required only MACLIB is created and the cross sections are taken
directly from the input data stream.

naniso number of Legendre orders for the representation of thaesgaj cross sections. By default

nanisc=1 corresponding to the use B§ (isotropic) scattering cross sections. A valu@ahisc=2
indicates thaf; (linearly anisotropic) scattering cross sections will bevided as input data.

3.1.2 Theldescmaci)input structure foMAC:

The(descmaci)input structure takes the form:
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Table 4: Structurédescmaci)

NGROgroup]
CTRA{ OFF
NALBPnalbp]

ADD)]

[ NORN|

[

|

[ ALBP (albeddi),i=1,nalbp) |

[ WRIT GOXSWN]

[ ENER(energyg), g=1,ngroup+1)]

[

[[ { READ] (imat(i), i=1,nmixt) ] GOXSRN| DELE] |
READ INPUT][ (descxs)|] [[ (descmpa)]] } ]]

APOL| WIMSigroup } ]

with
NGRO

ngroup

CTRA

OFF
ON
APOL

WIMS

igroup

NALBP

nalbp
ALBP

keyword to specify the number of energy groups for which tleemscopic cross sections will
be provided. This information is required onlyNMACLIB is created and the cross sections are
taken directly from the input data stream.

the number of energy groups for which macroscopic crossosescivill be provided. By default
ngroup=1.

keyword to specify the type of transport correction thatidtidoe generated and stored on the
MACROLIB. All the modules that will read thimACROLIB will have access to this transport cor-
rection to produce transport corrected cross sections.eult, there is no transport correction
when theMACROLIB is created from the input or GOXS files.

do not use the transport correctionf( ,,,) stored on the1ACROLIB.
use the transport correctiolf, ,,,) stored on the1ACROLIB.

keyword to specify that an APOLLO type transport correct{di, ,,) based on the linearly
anisotropic scattering cross sections will be computedused for the total and isotropic scat-
tering cross sections. This correction assumes that theorméwersibility principle is valid for

all energy groups. This option is valid only i, scattering cross sections are available on the
MACROLIB.

keyword to specify that a WIMS-AECL type transport corrent(>{, ,,,) based on the linearly
anisotropic scattering cross sections will be computedised for the total and isotropic scatter-
ing cross sections. This correction assumes that the maésersibility principle is valid only for
groups with an index greater than that specified by the reéergrouggroup. For the remaining

groups al/ E flux spectrum is considered in the evaluation of the trartspmrection.

group number with lowest energy limits which will usel AF flux spectrum. For the WIMS-
AECL and WIMS-D4 69 groups librariesgroup=27 and the micro-reversibility principle is
used only for group 28 to 69.

keyword to specify the maximum number of physical albedas will be read. These can be
used by theGEO: module (see Sectidn 3.3).

the maximum number of physical albedos. By defamaltbp=0.

keyword used for the input of the group independent physitedo arrays.
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albedp
WRIT
GOXSWN
ENER

energy

ADD

READ

imat

GOXSRN
DELE
INPUT

(descxs)

(descmpa)

NORM

group independent physical albedo arrays. A maximumatbpentries can be specified.
keyword used to write cross section data to a GOXS file.

character *7 name of the GOXS file to be created or updated.

keyword to specify the energy group limits.

energy (eV) array which define the limits of the groupgroup+1 elements). Generally the first
element in the arragnergyis considered to be the highest energy that can be reachdueby t
neutron.

keyword for adding increments to existing macroscopic&sextions. In this case, the informa-
tion provided in(descxsyepresents incremental rather than standard cross section

keyword to specify the input file format. One can use eitheritiput stream (keywortNPUT)
or a GOXS format file.

array of mixture identifiers to be read from a GOXS file. The imaxn number of identifiers
permitted isnmixt and the maximum value th&nat may take isnmixt. Whenimatis 0, the
corresponding mixture on the GOXS file is not included intxcroLIB. In the cases where
imatis absent all the mixtures on the GOXS file are available in ABRN execution. They are
numbered consecutively starting at 1 or from the last numdmahed during a previous execution
of theMAC: module.

character 7 name of the GOXS file to be read.
keyword to specify that the GOXS file is deleted after beiraglte
keyword to specify that mixture cross sections will be readh® input stream.

structure describing the format used for reading the méxtwoss sections from the input stream
(see Section 3.11.4).

structure describing the format used for reading multigrphysical albedos from the input
stream (see Section 3.1..5).

keyword to specify that the fission spectrum will be normediz This implies that the fission
energy spectruny?, that will be stored in the outpmAcROLIB will satisfy:

G
doxp=1

g=1

This option is available even if the mixture cross sectiomsenot read by th®IAC: module.

3.1.3 Theldescmacm)nput structure foMAC:

The(descmacm)input structure takes the form:
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Table 5: Structurédescmacm)

[ CTRA{ OFF| ON} ]
[[ MIX numnew{ numold{ UPDL| OLDL} | |]

keyword to specify the transport correction option. All thedules that will read thisACROLIB
will have access to this transport correction to producesipart corrected cross sections. By

keyword to specify that the macroscopic cross sectioncagsad with a mixture are to be created

mixture number on an olACROLIB or MICROLIB that will be used to update or createmnew

the macroscopic cross sections associated with mixtureold are taken fromOLDLIB . This

Here
CTRA
default there is no transport correction.
OFF do not use the transport correctiofy( ,,,) stored on the/ACROLIB.
ON use the transport correctioly, ,, ) stored on the1ACROLIB.
MIX
or updated.
numnew mixture number to be updated or created on the oWIAMROLIB.
numold
on the outpuMACROLIB.
OLDL
is the default option.
UPDL

the macroscopic cross sections associated with mixtuneoldare taken fromIACLIB .

3.1.4 Macroscopic cross section definition

Table 6: Structurédescxs)

MIX [ mixnum]

[ EFISS (efisgi), i=1,nifiss) |

[ TOTAL(xssiglg), g=1,ngroup |

[ TRAN(xssigtlyg), g=1,ngroup |

[ NUSIGF((xssigf(i,g), g=1,ngroup, i=1,nifiss) |

[ NFTOT((xsfisgi,9), g=1,ngroup, i=1,nifiss) |

[ CHI ((xschi(i,g), g=1,ngroup, i=1,nifiss) ]

[ FIXE (xsfixe(g), g=1,ngroup |

[ FIXA (xsfixa(g), g=1,ngroup |

[ FIXG (xsfixg(g), g=1,ngroup |

[ SCAT(( nbsca(l,h), ilastg(l,h),(xsscafl,h,qg),
g=1nbscatl,h)), h=1,ngroup, I=1,nanisq |
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MIX

mixnum

EFISS
efiss
TOTAL
xssigt

TRAN

xssigtr

NUSIGF

xssigf

NFTOT

xsfiss

CHI
xschi
FIXE
xsfixe
FIXA
xsfixa

FIXG

xsfixg

SCAT

nbscat

ilastg

keyword to specify that the macroscopic cross sectionscagsd with a new mixture are to be
read.

identifier for the next mixture to be read. The maximum valeenptted for this identifier is
nmixt. Whenmixnumis absent, the mixtures are numbered consecutively gjeatid or after
the last mixture number read either on the GOXS or the inpeéast.

keyword to specify the energy released per fission for easttefisotope.

energy (MeV) released per fission for each fissile spectrum.

keyword to specify that the total macroscopic cross sestionthis mixture follows.
multigroup total macroscopic cross sectiohg (in cm ') associated with mixtures.

keyword to specify that the macroscopic cross sectionscasd with the transport correction
for this mixture follows.

multigroup transport correction macroscopic cross sasti, ,, in cm~!) associated with
mixturem.

keyword to specify that the macroscopic fission cross sestioultiplied by the average number
of neutron per fission for this mixture follows.

multigroup macroscopic fission cross sections multipligdhe average number of neutrons per
fission ¢4, in cm™?) for fissile spectrum and mixturem.

keyword to specify that the macroscopic fission cross sesfior this mixture follows.

multigroup macroscopic fission cross sectié]ﬁsi_m in cm 1) for fissile spectrumi and mixture
m.

keyword to specify that the fission spectrum for this mixtiaeows.

multigroup fission spectrunxg,m) for fissile spectrum and mixturem.

keyword to specify that fixed neutron source densities figrrfixture follows.
multigroup fixed neutron source densitieg(in s~!cm=2) for mixturem.

keyword to specify that adjoint fixed neutron source deesitor this mixture follows.
multigroup adjoint fixed neutron source densiti€§h(m in cm ') for mixturem.

keyword to specify that fixed generalized adjoint neutroarse densities for this mixture fol-
lows.

multigroup generalized adjoint fixed neutron source dims(sg;,m in cm ™) for mixturem.

keyword to specify that the macroscopic scattering crossamematrices for this mixture fol-
lows.

array that provides the number of groug$ for which macroscopic scattering cross section
(Egﬁfj) towards the grouph) will be provided for each anisotropy level associated viitis

mixture. The scattering cross sections for the remainioggs vanish.

array that provides the group index associated with the thestal group for which macro-
scopic scattering cross section towards growpill be provided for each anisotropy level asso-
ciated with this mixture.
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xsscat

multigroup macroscopic scattering cross secticﬁjg(’j in cm~1) from the scattering from
groupg towards grouph. The elements are ordered in a decreasing order from groub&u
g=ilastgto g =(ilastg-nbscat1), and an increasing order frolm= 1 to h = G. An example of
an input structure for macroscopic scattering cross sestian be found in Sectign 4.1.

3.1.5 Multigroup physical albedo definition

Table 7: Structurédescmpa)

ALBPG] ialbp| (albp(g), g=1,ngroup) ]

ALBPG
ialbp

albp

keyword to specify that the multigroup physical albedostarge read.

identifier for physical albedo to be read. The maximum valaemtted for this identifier is
nalbp.

multigroup data associated with physical albéaibp.

3.2 ThelLl B: module

The general format of thielB: input data structure is the following:

Table 8: StructuréLIB:)

{ MICLIB :=LIB: [MICLIB ]:: (desclib)|
MICLIB :=LIB: [MICLIB [ MICOLD |]:: (desclibupd)|
MICLIB :=LIB: [MICLIB [BRNOLD]]:: (desclibbrn)}

The first form is for the case where a singlecrRoLIB is involved (created or updated), the second form corre-
sponds to the case wher@ecROLIB is updated or created using the information available orcars#MICROLIB,
Finally, the third form is for the case wherasacROLIB is updated using the information available oBERNUP
data structure. The meaning of each of the terms above is:

MICLIB
MICOLD

BRNOLD

(desclib)

character =12 name of the data structure that will contain theROLIB.

character *12 name of a read-onlwicrROLIB data structure. In the case where a second
MICROLIB data structure is provided, the number densities for thefgs in fileMICLIB will
be replaced selectively by those foundWliCOLD .

character *12 name of a read-onlgURNUP data structure. In the case wher@@rRNUP
data structure is provided, the number densities for thejs in fileMICLIB will be replaced
selectively by those found iIBRNOLD.

general input structure for this module (see SedtionB.2.1)
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(desclibupd) inputstructure for updating theicrRoLIB based on information available on a secondroLIB

data structure (see Section 312.2).

(desclibbrn) input structure for updating th@icroLIB based on information available onswRNUP data

structure (see Section 3.P.3).

3.2.1 Generdll B: input structure

The general format fdesclib)is of the form:

Table 9: Structurédesclib)

[ EDIT iprint |
[ MXIS nmisot]
[ NMIX nmixt ]
[ CTRA{ NONE APOL| WIMS| OLDW} |
[ ANIS naniso|
[ PROM

[ ADEDnedit( HEDIT (i), i=1,nedit) |

[ { CDEPCHNRDEPCHN ]

[DEPL{ LIB: { DRAGONWIMS| WIMSAECL WIMSD4} FIL: NAMEFIL |

[[MIXS LIB: { DRAGONMATXS MATXS2 WIMSD4 WIMS| WIMSAECL APLIB1 }

ndepl(descdepl)} |

FIL: NAMEFIL [[ (descmix1)]] ]]

with
EDIT

iprint

MXIS

nmisot

NMIX
nmixt

CTRA

NONE

keyword used to modify the print levédrint.

index used to control the printing in this module. It must bete 0 if no printing on the output
file is required while values-0 will increase in steps the amount of information transféo
the output file.

keyword used to redefine the maximum number of isotopes peurei

the maximum number of isotopes per mixture. By default up@differentisotopes per mixture
are permitted.

keyword used to define the number of mixtures. This data isired if MICLIB is created.
the maximum number of mixtures.

keyword to specify the type of transport correction thatidtidoe generated and stored on the
MICROLIB. All the modules that will read thiscroLiB will then have access to transport
corrected cross sections. The default is no transport ctiore

keyword to specify that no transport correction should temls this calculation.
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APOL

OLDW

WIMS

ANIS

naniso

PROM

ADED

nedit

HEDIT

keyword to specify that an APOLLO type transport correct{dli. ,,) based on the linearly
anisotropic scattering cross sections will be computeduesed! for the total and isotropic scat-
tering cross sections. This correction assumes that theorméwersibility principle is valid for
all energy groups. This option is valid only #, scattering cross sections are available on the
original library.

keyword to specify that a WIMS-AECL type transport corrent(>{, ,,,) based on the linearly
anisotropic scattering cross sections will be computedised for the total and isotropic scatter-
ing cross sections. This correction assumes that the maés@rsibility principle is valid only for
groups with energies less than 4.0 eV. For the remainingggrau/ £ flux spectrum is consid-
ered in the evaluation of the transport correction. In addjtfor WIMSD4 and WIMS-AECL
libraries, linearly anisotropic scattering cross sedi¢diagonal term only) are generated in the
cases where the transport correction differs from 0.0 anahigptropic scattering cross sections
are provided on the original library. This option was inedrfor compatibility with the WIMS
transport correction implemented in older versions of DRAG

keyword to specify that the transport correctiaif,(,,) is to be used for the total and isotropic
scattering cross sections. This type of correction readctly the transport correction cross
sections provided on the original library. This informatiis available only inW/IMSD4and
WIMS-AECLformat libraries. In the case where a library of another tigoeonsidered, this
correction is identical to th©LDWbption.

keyword to specify the maximum level of anisotropy for thatsering cross sections.

number of Legendre orders for the representation of theesgaj cross sections. Isotropic
scattering is represented manise=1 while nanisc=2 represents linearly anisotropic scattering.
The linearly anisotropic scattering contributions areagatly taken into account via the transport
correction (se€TRAkeyword) in the transport calculation. F8% or P; leakage calculations,
the linearly anisotropic scattering cross sections arertakto account explicitly. The default
value isnanise=2.

keyword to specify that only prompt neutron are to be conrsidér the calculation of the fission
spectrum. By default, the contributions due to delayednoeudre also considered. This option
is only compatible with MATXSor MATXSZormat library.

keyword to specify the input of additional cross sectionsddreated by DRAGON. These cross
sections are not needed to solve the transport equatiorrduée@ognized by thEDI: module
(see Section 319).

number of types of additional cross sections.

character *6 name of an additional cross-section type. This name alsesponds to vector
reactions in aATXSandMATXS2format library not automatically recognized by DRAGON.
For example:

NWTONWTEPR,/ P, library weight functions.

NTOTONTOTEPF,/ P, weighted neutron total cross sections.
NELAS=Neutron elastic scattering cross sections (MT=2).

NINEL=Neutron inelastic scattering cross sections (MT=4).

NG=Neutron capture cross sections (MT=102).

NUDEENumber of delayed secondary neutron (Nu-D / MT=455).
NFSLG=vx«slow fission cross section.

NHEATEHeat production cross section.

CHIS/CHID=Slow/delayed fission spectrum.

NFNNHFN2NFN3NF=vspartial fission cross sections (MT=19, 20, 21 and 38).



IGE-174 Rev. 13 (Release 3.060) 18

CDEPCHN

RDEPCHN

DEPL

MIXS

LIB:

DRAGON

MATXS

MATXS2

WIMSD4

WIMS

WIMSAECL

FIL:

NAMEFIL

ndepl
(descdepl)

N2NN3NN4N=(n,2n), (n,3n), (n,4n) cross sections (MT=16, 17 and 37).
NPNA=(n,p) and (ny) transmutation cross sections (MT=103 and 107).

By default, DRAGON will always attempt to recover th&g andNHEATcross sections since
they may be required for depletion calculations.

keyword to specify that a complete depletion chain is to besitered. As a result the isotopes
in a depletion chain (specified by keywdBEPL) not present in a mixture containing burnup
material will be added automatically with 0.0 concentnasio This is the default option when
the keywordDEPLIis activated. These isotopes will be flagged as non-resofargnsure that
the resonant isotopes are processed by the self-shieldidgls(see Sectidn 3.5), they must be
inserted manually in the mixture with 0.0 concentration iagged as such (associate a resonant
region to the isotopes).

keyword to specify that a reduced depletion chain is to besicened. As a result the isotopes
in a depletion chain (specified by keywdBEPL) not present in a mixture containing burnup
material will not be added automatically.

keyword to specify that the isotopic depletion (burnup)ichia to be read. For a givenlB:
execution only one isotopic depletion chain can be read.

keyword to specify that the mixture description is to be tdaat a giverLIB: execution more
than one cross-section library can be read. The energy gtougture of the two libraries must
be compatible. For burnup calculations, the depletionrclodithe two libraries must also be
compatible.

keyword to specify the type of library from which the isotogiepletion chain or microscopic
cross section is to be read. It is optional when precededéieaiwordDEPLIn which case the
isotopic depletion chain is read from the standard input file

keyword to specify that the isotopic depletion chain or theroscopic cross sections are in the
DRAGLIB format/27

keyword to specify that the microscopic cross sectionsratied MATXS format of NJOY-II and
NJOY-89 (no depletion data available for libraries using thrmat).

keyword to specify that the microscopic cross sections ratbeé MATXS format of NJOY-91
(no depletion data available for libraries using this fotina

keyword to specify that the isotopic depletion chain or theroscopic cross sections are in the
WIMS-D4 format.

keyword to specify that the isotopic depletion chain or theroscopic cross sections are in the
WIMS-AECL format.

keyword to specify that the isotopic depletion chain or theroscopic cross sections are in the
WIMS-AECL format. This keyword has the same meaning as tlyevked WIMS

keyword to specify the name of the file from which the isotagepletion chain or microscopic
Cross section is to be read.

character *64 name of the library where the isotopic depletion chain ontiheroscopic cross
sections are stored.

number of isotopes in the depleting chain.

input structure describing the depletion chain (see Seldid.4).
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(descmix1)

input structure describing the isotopic and physical prige of a given mixture (see Sec-

tion[3.2.5).

3.2.2 Instruction for updating ®ICROLIB using a secon®ICROLIB in LI B:

The general format fdesclibupd)is of the form:

Table 10: Structurédesclibupd)

[ EDIT iprint

MAXY][ (descmix3)]]

with
EDIT

iprint

MAXS

(descmix3)

keyword used to modify the print levédrint.

index used to control the printing in this module. It must bete O if no printing on the output
file is required while values-0 will increase in steps the amount of information trangféro
the output file.

keyword to specify that the mixture density &®WCLIB are to be modified. IMICOLD is
present an@descmix3)is absent, a direct one to one correspondence between thpesin both
libraries is assumed. WICOLD and(descmix3)are present, only the mixture on the library
file specified by(descmix3)are updated using information from thMICOLD . If MICOLD is
absent anddescmix3)is present, only the mixture oMICLIB specified by(descmix3)are
updated.

input structure describing perturbations to the isotopit physical properties of a given mixture
(see Section 3.2.7).

3.2.3 Instruction for updating ®ICROLIB using aBURNUP in LI B:

The general format dfdesclibbrn) is of the form:

Table 11: Structurédesclibbrn)

[ EDIT iprint

BURN{ iburn| tburn} [[ (descmix2)]]

with
EDIT

keyword used to modify the print levédrint.
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iprint

BURN

iburn

tburn

(descmix?2)

index used to control the printing in this module. It must bete 0 if no printing on the output
file is required while values-0 will increase in steps the amount of information transféo
the output file.

keyword to specify that the mixture density @VCLIB are to be updated using information
taken fromBRNOLD. If (descmix2)is absent, a direct one to one correspondence between
the isotope orBRNOLD and MICLIB is assumed. Ifdescmix2)is present, only the mixture
specified by(descmix2)are updated using information froBRNOLD.

burnup step selected @RNOLD. This step must be present on the burnup file.
burnup time in days oBRNOLD. This time step must be present on the burnup file.

input structure describing perturbations to the isotopit physical properties of a given mixture
(see Sectioh 3.2.6).

3.2.4 Depletion data structure

The structurédescdepl)describes the radioactive decay and neutron activation ébde used in the isotopic
depletion calculation.

Table 12: Structurédescdepl)

CHAIN
[ NAMDPL | izae)
[[ { DECAYdcr |
reaction| energy] } |]
[{ STABLE]
FROM]| { DECAY| reaction} [[ yield NAMPAR 1] 1] } 11]
ENDCHAIN
with:
CHAIN keyword to specify the beginning of the depletion chain.
NAMDPL character *12 name of anisotope (or isomer) of the depletion chain tha¢appin the cross-
section library.
izae six digit integer representing the isotope. The first twadtdigepresent the atomic number of the
isotope, the next three represent its mass number and trgidésndicates the excitation level
of the nucleus (0 for a nucleus in its ground state, 1 for améoin its first exited state, etc.).
For example?38U in its ground state will be represented l1pe=922380.
STABLE non depleting isotope.
DECAY indicates that a decay reaction takes place either for ptamuof this isotope or its depletion.
dcer radioactive decay constant (10—8 s~1) of the isotope. By defaultcr=0.0.
reaction character 6 identification of a neutron-induced reaction that takeseleaither for produc-

tion of this isotope, its depletion, or for producing energyamples of reactions follow:
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energy

STABLE

FROM
yield
NAMPAR
ENDCHAIN

NG a radiative capture reaction takes place either for praoinct this isotope, its
depletion or for producing energy.

N2N represents the reaction:

A X = 2bn 4471 X
N3N represents the reaction:

In+4X = 3in+572X
N4N represents the reaction:

A X = 4hn 443X
NP represents the reaction:

n+axX =tp4+g 1Y
NA represents the reaction:

n4+4 X =3 He+473 X, oY

NFTOT a fission reaction takes place.

energy (in MeV) recoverable per neutron-induced reactibtihhe energy production associated
with radiative captures is not provided explicitly, it shdbe included in the energy released by
fission. By defaultenergy0.0 MeV.

non depleting isotope. Such an isotope may produces engmyguiron-induced reactions (such
as radiative capture).

indicates that this isotope is produced from decay or netitnduced reactions.
production yield for fission (expressed in %) or for otherctemn (given in absolute value).
character *12 name of the parentisotope (or isomer) that appears in thss-ection library.

keyword to specify the end of the depletion chain.

3.2.5 Format fofdescmix1)

The structurddescmixl)is used to describe the isotopic composition and the phlysioaerties, such as the
temperature and density, of a mixture.

Table 13: Structurédescmix1)

MIX [ matnum| {
[temp[ denmiXx] |
[[ [ NAMALI =] NAMISO dens[ { dil | INF } ]
[inrs] [ DBYEtempd] [ SHIB NAMS | [ THERntfg HINC [ TCOHHCOH || [ NOEV |] |
COMB| mati relvol]] }
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where:

MIX

matnum

temp

denmix

NAMALI

NAMISO

dens

dil

INF

inrs

DBYE

tempd
SHIB

NAMS

THER

keyword to specify the number identifying the mixture to bad.

mixture identifier. The maximum value thatathummay have isimixt. Whenmatnumis ab-
sent, the mixtures are numbered successively starting fribmo mixture has yet been specified
or from the last mixture number specified + 1.

absolute temperature (in Kelvin) of the isotopic mixtutdsloptional only when this mixture is
to be updated, in which case the old temperature associatiethe mixture is used.

mixture density in gcem3,

character 8 alias name to be used locally for an isotope. When the alia®ngaabsent, the
isotope name used locally is identical to the isotope nantbetibrary.

keyword to specify to which isotope in a library is assodatee previous alias name.
character *12 name of an isotope present in the library which is includetthis mixture.

When the mixture densitgenmixis specified, this parameter is the relative weight percgntd
the isotope in this mixture. Otherwise, the parameter isgbtpic concentration of the isotope
NAMISO in the mixture in10%* xcm—3.

group independent microscopic dilution cross section émb) of the isotop&/AMISO in this
mixture. The group dependent dilution for an isotope candrepuited using th&HI: module
(see Sectiof 315). In this case, the dilution is only usedstaring point for the self-shielding
iterations and has no effect on the final result. If the dilatis not given or is larger tharo'®
barns, an infinite dilution is assumed.

keyword to specify that an infinite dilution('° barns) is to be associated with this isotope. This
value implie that the isotope is present in trace amountg onl

number of the resonant region associated with this isot@yedefaultinrs=0 and the isotope

is not a candidate for self-shielding. Whémws+£0, the isotope can be self-shielded using the
SHI: module (see Sectidn 3.5) where it is assumed that a givespisalistributed with different
concentrations in a number of mixtures and having the sarue @ inrs will share the same
fine flux. This approximation is similar to the PIC approximatof Livolant-Jeanpierre. Should
one wish to self-shield both the fuel sheaths and the fuslithportant to assign a differemtrs
number to each. If a single type of fuel is located in diffémaixture in onion-peel fashiorit is
necessary to attribute a singles value to this fuel.

keyword to specify that the absolute temperature of theopois different from that of the
isotopic mixture. This option is useful to define Debye-ected temperature.

absolute temperature (in Kelvin) of the isotope. By deféarttpd=temp.

keyword to specify that the name of the isotope containimgitifiormation related to the self-
shielding is different from the initial name of the isotope.

character *12 name of arecord in the library containing the self-shigjdiata. This name is
required if the dilution is not infinite or a non zero reson@gfion is associated with this isotope
andNAMS is different fromNAMISO.

keyword to specify that the thermalization effects are tobkided with the cross sections when
using aMATXSor MATXSZXormat library.
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HINC character *6 name of the incoherent thermalization effects which wiltéleen into account.
The incoherent effects are those that may be described by(the3) scattering law. The value
FREEis used to simulate the effects of a gas.

TCOH keyword to specify that coherent thermalization effecti bé taken into account.

HCOH character 6 name of the coherent thermalization effects that will bestalnto account.
The coherent effects are theector reactionsn the MATXSor MATXS2format library where
the name is terminated by ti#esuffix. They are generally available for graphite, berytiiu
beryllium oxide, polyethylene and zirconium hydroxide.

ntfg number of energy groups that will be affected by the thermaéibhn effects.

NOEV keyword to force a mixture or a nuclide to be non-depleting(ein cases where it is potentially
depleting). Note that the mixtures or nuclides keep thgiabdity to produce energy.

COMB keyword to specify that this mixture represents a comhbamatif previously defined mixtures.

mati number associated with a previously defined mixture. Inom@sert some void in a mixture

usemati=0. If the mixture is not already defined, is is replaced byvoi
relvol relative voluméV/,,, occupied by mixturen=mati in matnum Two cases can be considered.

1. The density,, of each mixturemati is provided along with the weight percent for each
isotopes/ (W,7). In this case the density) and volume {},) of the final mixture become

Vi=> Vu

The weight percent of isotopéfor the combined mixture is then given by

2. The explicit concentratiofv;” of each isotope in each materiain is provided and

VmNm.,J

N, =
k,J Vi

Itis forbidden to combine two mixtures with different ispio content description.

Note that in the structur@escmixl1)one only needs to describe the isotopes initially preseaaah mixture.
DRAGON will then automatically associate with each deplgtinixture the additional isotopes required by the
available burnup chain. Moreover, the microscopic cresgisn library associated with these new isotopes will be
the same as that of their parent isotope. For example, safpasmixture 1 contains isotoj235 which is to be
read on the DRAGON format library associated with fIRAGLIB. Also assume that the depletion chain, which
is written on the WIMS-AECL format library associated witlefWIMSLIB, states that isotopd236 (initially
absent in the mixture) can be generated fdW@B85 by neutron capture. Then, one can either specify explicitly
from which library file the microscopic cross sections agsed with isotopdJ236 (zero concentration) are to
be read, or omitJ236 from the mixture description in which case DRAGON will assuthat the microscopic
cross sections associated with isot@f#236 are to be read from the same library as the cross sectiondtoyis
U235. Remember that the isotopes added automatically will rerginfinite dilution (not affected by resonance
self-shielding calculations).
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3.2.6 Format fofdescmix2)

The structurddescmix?2)is used to describe the modifications in the isotopic contjpmsdf a mixture taken
from aBURNUP data structure.

Table 14: Structurédescmix?2)

MIX matnum[matold] | NAMALI dens |

where:

MIX

matnum
matold
NAMALI

dens

keyword to specify the number identifying the next mixtuoebte updated. If no mixture is
specified then all the mixtures are updated.

mixture identifier onMICLIB .
mixture identifier onBBRNOLD. Whenmatoldis not specified this mixture is not updated.
character 8 alias name for an isotope dvICLIB to be modified.

isotopic concentration of the isoto@dAMISO in the current mixture in0%*xcm=3. When
dens> 0, the isotopic concentration for this isotope becormdess while all the other isotopes
take the value specified dBBRNOLD. Whendens= —1.0, the isotopic concentration of this
isotope is not updated.

3.2.7 Format fofdescmix3)

The structurddescmix3)is used to describe the modifications in the isotopic contjposdf a mixture taken
from an oldmICROLIB data structure.

Table 15: Structurédescmix3)

MIX matnum[matold| | relden] [ NAMALI dens ]

where:

MIX

matnum
matold

relden

keyword to specify the number identifying the next mixtuoebte updated. If no mixture is
specified then all the mixtures are updated.

mixture identifier onMICLIB .
mixture identifier onMICOLD . Whenmatoldis not specified this mixture is not updated.

relative density of updated mixture. The concentrationadteisotope in the mixture will be
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multiplied by this factor independent of the fact that thgyioral concentrations were defined in
MICLIB , MICOLD or is specified explicitly usinglens

NAMALI character 8 alias name for an isotope dvICLIB to be modified.

dens isotopic concentration of the isotop¢AMISO in the current mixture in0%*xcm—3. When
dens> 0, the isotopic concentration for this isotope becordessx relden while all the other
isotopes are multiplied byeldenonly. Whendens= —1.0, the isotopic concentration of this
isotope is not updated while all the other isotope concéntraare multiplied byelden

3.3 TheGEG module

TheGEO: module is used to create or modify a geometry. All the charastics (dimensions, region contents
and boundary conditions) of simple or complex geometriesspecified using this module. The specifications
of the geometry are independent of the tracking module toseel subsequently. Each geometry is stored in a
GEOMETRY data structure under its given name. Once a geometry hasspeeified, it can be updated through a
new call to theGEO: module. The calling specifications to create a geometry thitlGEO: module are provided
in Table[ 16 while Table17 and Talilel18 describe respectihelyormat required to modify or import a geometry.

Table 16: StructuréGEQ:) to create a geometry

GEONAM :=GEO: :: (descgtyp)
(descgcnt)

Table 17: StructuréGEO:) to modify an existing geometry

GEONAM := GEO: GEONAM ::
(descgcnt)

Table 18: StructuréGEO:) to import and modify an existing geometry

GEONAM := GEO: OLDGEO::
(descgcnt)

The definition of the parameters used in Tablds 16 to 18 fallow

GEONAM character *12 name of theSEOMETRY created or modified.

OLDGEO character =12 name of a read-onlgeOMETRY. The type and all the characteristics@E£D-
GEO are first copied taiGEONAM before this later geometry is modified.
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(descgtyp) structure describing the geometry type@®@EONAM (see Section 3.3.1).

(descgcnt) structure describing the characteristics of a geometey S&etionn 3.312).

3.3.1 Geometry types

The structurédescgtyp)presented in Table19 is used to define the type of geometiryitide considered.

Table 19: Structurédescgtyp)

{ VIRTUAL |

HOMOGE

SPHERH |

TUBEIr [Ixly ]|

TUBEXIr { Ix | Ixly Iz } |
TUBEYIr {ly | Ixly Iz } |
TUBEZIr { Iz | Ixly Iz } |
CAR1DIx |

CAR2DIx ly |

CARCELUr [Ix Iy ]|
CAR3DIx ly Iz |
CARCELXr {Ix | Ixly Iz } |
CARCELYr{ly |Ixlylz } |
CARCELZr { Iz |Ixlylz } |

HEXIh |
HEXTnhr |
HEXCELU |
HEXTCELUr nhr|
HEXZIh Iz |
HEXTZnhr Iz |
HEXCELZr Iz |
HEXTCELZr nhr Iz |
GROUHRp }
where
VIRTUAL keyword to specify a virtual geometry. This type of geomédrysed to complete an assembly
that has irregular boundaries.
HOMOGE keyword to specify a infinite homogeneous geometry.
SPHERE keyword to specify a spherical geometry (concentric sp)efEhis option is only supported by
theSYBILT: tracking module (see SectibnB.4).
TUBE keyword to specify a 2-D cylindrical (infinite tubes or cydiers) geometry. This geometry can

contain an imbedded — Y Cartesian mesh.
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TUBEX

TUBEY

TUBEZ

CAR1D

CAR2D

CARCEL

CAR3D

CARCELX

CARCELY

CARCELZ

HEX
HEXT

HEXCEL

HEXTCEL

HEXZ

HEXTZ

HEXCELZ

HEXTCELZ

GROUP

Ix

keyword to specify a 3-D cylindrical (along thé axis) geometry. This geometry can contain an
imbeddedX — Y — Z Cartesian mesh. This option is only supported for clustbrgeometries
in theNXT: tracking module (see Sectibn B.4).

keyword to specify a 3-D cylindrical (along thé axis) geometry. This geometry can contain an
imbeddedX — Y — Z Cartesian mesh. This option is only supported for clustbrgeometries
in the NXT: tracking module (see Sectibn B.4).

keyword to specify a 3-D cylindrical (along ti¢axis) geometry. This geometry can contain an
imbeddedX — Y — Z Cartesian mesh.

keyword to specify a single Cartesian cell geometry in 1-Ehvein imbedded” mesh or an
assembly of 1-D Cartesian cells. This optionis only supgmbbly theSYBILT: tracking module
(see Sectioh 314).

keyword to specify a single Cartesian cell geometry in 2-Bnain imbedded — Y mesh or an
assembly of 2-D Cartesian cells.

keyword to specify a 2-D Cartesian cell geometry with emlgedannular regions (concentric
tubes surrounded by a rectangle).

keyword to specify a single Cartesian cell geometry in 3-Bhwain imbedded — Y — Z mesh
or an assembly of 3-D Cartesian cells.

keyword to specify a 3-D Cartesian cell geometry with emlgeddcylinders oriented along the
X —axis.

keyword to specify a 3-D Cartesian cell geometry with emlgeddclylinders oriented along the
Y —axis.

keyword to specify a 3-D Cartesian cell geometry with emlgebdcylinders oriented along the
Z —axis.

keyword to specify a single 2-D hexagonal cell geometry oiffadassembly of hexagonal cells.

keyword to specify a single 2-D hexagonal cell geometry g triangular mesh. This option
is only supported by thBIXT: tracking module (see Sectibn B.4).

keyword to specify a single 2-D hexagonal cell geometry aimitig concentric annular regions.
This option is not supported by thNXT: tracking module (see Sectibn B.4).

keyword to specify a single 2-D hexagonal cell geometryihguai triangular mesh and containing
concentric annular regions.

keyword to specify a single directed 3-D hexagonal cell geometry or a 3-D assembly of
directed hexagonal cells.

keyword to specify a singleZ directed 3-D hexagonal cell geometry having a triangulashme
(planeX — Y'). This option is only supported by théXT: tracking module (see Sectibn B.4).

keyword to specify a singleZ directed 3-D hexagonal cell geometry containing concerfri
directed cylinders. This option is not supported by KT tracking module (see Sectibn B.4).

keyword to specify a singl€ directed 3-D hexagonal cell geometry a triangular mesh anel ¢
taining concentricZ directed cylinders.

keyword to specify alo-it-yourselftype geometry.

number of subdivisions along th€—axis (before mesh splitting).
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ly
Iz
Ir
Ih

nhr

Ip

number of subdivisions along thé—axis (before mesh splitting).
number of subdivisions along tt#e—axis (before mesh splitting).
number of cylinders or spherical shells (before mesh st
number of hexagon in an axial plane (including the virtuaddgon).

number of concentric hexagons itHEXTor HEXTZcell (see Figur&€ll). This will lead to an
hexagon subdivided int®/N? identical trangles.

number of types of cells (number of cells inside which a datiflux will be calculated) for a
do-it-yourselftype geometry.

3.3.2 Geometry contents

The structurg(descgcnt)illustrated in Tabld 20 is used to define the contents of a g&gn{dimensions,
materials, boundary conditions). As one can see, sub-ge@necluded in a geometry can also be defined by
calling recursively the modul&EO: from (descgcnt)(embedded module). Currently, geometries definitions are
limited to 4 recursion levels and most tracking modules aa@y process the first two levels.

Table 20: Structurédescgcnt)

[ EDIT iprint
(descBC)
(descSP)
(descPP)
(descNSG)

[[::: SUBGEO:=GEO: { (descgtyp)] SUBGEO| OLDGEO } (descgcnt); |

The following notation is used in Tadle]20:

EDIT

iprint

(descBC)
(descSP)
(descPP)
(descNSG)
SUBGEO
OLDGEO

keyword used to modify the print levérint.

index used to control the printing in this module. It must bete 0 if no printing on the output
file is required, to 1 for minimum printing (fixed default valland to 2 for printing the geometry
state vector.

structure defining the boundary conditions associated avghometry (see Sectibn 313.3).
structure defining the spatial coordinates associatedaniometry (see Sectibn 3.3.4).
structure defining the physical properties associated avjgometry (see Sectibn 3.8.5).
structure used to specify the properties of non standarchge@s (see Sectidn 3.8.6).
character *12 name of the directory that will contain the sub-geometry.

character =12 name of a parallel directory containing an existing subrgeioy. The type
and all the characteristics @ILDGEO will be copied toSUBGEOQObefore the updates specified
by (descgcnt)are applied.



IGE-174 Rev. 13 (Release 3.060) 29

(descgtyp) structure describing the geometry typeSiIBGEO(see Sectioh 3.3.1).
(descgcent) structure describing the characteristicsStiBGEO(see Sectioh 3.3.2).

3.3.3 Boundary conditions

The data corresponding to tlgescBC)structure is presented in Talplel 21.

Table 21: StructurédescBC)

X- { VOID | REFL | SSYM TRAN| SYME ALBE { albedo| icode} | DIAG } |
X+{ VOID | REFL | SSYM TRAN| SYME ALBE { albedo| icode} | DIAG } |
Y- { VOID | REFL | SSYM TRAN| SYME ALBE{ albedo| icode} | DIAG } |
Y+{ VOID | REFL | SSYM TRAN| SYME ALBE{ albedo| icode} | DIAG } |

Z+{ VOID | REFL | SSYM TRAN| SYME ALBE{ albedo| icode} } ]

R+{ VOID | REFL| ALBE{ albedo| icode} } |
HBC{ S30 | SA60 | SB60 | S90 | R120 | R180 | SA180 | SB180 | COMPLETE
{ VOID | REFL| SYME ALBE({ albedo| icode} } |

[
[
|
[Z- { VOID | REFL| SSYM TRAN| SYME ALBE { albedo] icode} } |
[
[
[

Here:

X- keyword to specify the boundary conditions associated thi¢megativeX surface in a Cartesian
geometry.

X+ keyword to specify the boundary conditions associated thigtpositiveX surface in a Cartesian
geometry.

Y- keyword to specify the boundary conditions associated thigmegativé” surface in a Cartesian
geometry.

Y+ keyword to specify the boundary conditions associated thighpositiveY” surface in a Cartesian
geometry.

Z- keyword to specify the boundary conditions associated thi#megativeZ surface in a Cartesian
geometry.

Z+ keyword to specify the boundary conditions associated thigtpositiveZ surface in a Cartesian
geometry.

R+ keyword to specify the boundary conditions associated thi¢houter surface of a cylindrical or
spherical geometry.

VOID keyword to specify that the surface under consideratiorzbes reentrant angular flux.

REFL keyword to specify that the surface under consideratioralraflective boundary condition. For

most tracking modules, this implies white boundary coodit. The main exceptions to this rule
are

e 1-D Cartesian geometries analyzed us8¥BILT: .
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SSYM

TRAN

SYME

DIAG

ALBE

albedo

icode

HBC

S30

SAG0

e 2-D Cartesian geometries processed§CELT: or NXT: using the cyclic tracking tech-
nique.

In both cases, mirror like rather than white boundary coodi are considered. In DRAGON
assemblies are never unfolded to take into accol®ERBL boundary condition.

keyword to specify that the surface under consideratioratraflective boundary condition. The
main difference betweeREFL andSSYMs that the later option results in the assembly being
unfolded along the reflective boundary. Accordingd§YMimplies the use of a mirror like
reflection.

keyword to specify that periodic boundary conditions arasidered. The surface under con-
sideration is therefore connected to the opposite surfadbda Cartesian domain. The only
combinations of periodic boundary conditions permittest ar
e Periodicity along theX —axis
X- TRAN X+ TRAN
e Periodicity along th& —axis
Y- TRAN Y+ TRAN
e Periodicity along the&Z —axis
Z- TRAN Z+ TRAN

keyword to specify that the Cartesian surface under coreid@ is virtual and that a reflection
symmetry is associated with the axis running through thésce@rfi the cells closest to this surface.

keyword to specify that the Cartesian surface under coreid@ has the same properties as that
associated with a diagonal through the geometry. Note ttataind only twoDIAG surfaces
must be specified. The diagonal symmetry is only permittedsfuare geometry and in the
following combinations:

X+ DIAG Y- DIAG
or
X- DIAG Y+ DIAG

keyword to specify that the surface under consideratioranasbitrary albedo. For most calcu-
lations, this implies white boundary conditions. The maineption to this rule is when cyclic
tracking in 2-D is considered. Note that the cell is neveold€d to take into accountAl BE
boundary condition.

geometric albedo corresponding to the boundary condRIoBE (albeda>0.0).

index of a physical albedo corresponding to the boundargition ALBE The numerical values
of the physical albedo are supplied by the modvkC: (see Sectionh 311).

keyword to specify the boundary conditions associated Wi¢houter surface of an hexagonal
geometry.

keyword to specify an hexagonal symmetry of one twelfth ohasembly (see Figuié 2). This
option is not yet supported by thNXT: tracking module (see Sectibn B.4).

keyword to specify an hexagonal symmetry of one sixth of aembly of type A (see Figulé 2).
This option is not yet supported by thXT: tracking module (see Sectibn B.4).
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SB60

S90

R120

R180

SA180

SB180

COMPLETE

keyword to specify an hexagonal symmetry of one sixth of aembly of type B (see Figuke 3).
This option is not yet supported by th&XT: tracking module (see Sectibn B.4).

keyword to specify an hexagonal symmetry of one quarter aissembly (see Figuké 3). This
option is not yet supported by thNXT: tracking module (see Sectibn B.4).

keyword to specify a rotation symmetry of one third of an adsly (see Figurgl4). This option
is not yet supported by théXT: tracking module (see Sectibn B.4).

keyword to specify a rotation symmetry of a half assemblg @Sigurd4). This option is not yet
supported by th&XT: tracking module (see Sectibn B.4).

keyword to specify an hexagonal symmetry of half a type Amdde (see FigurEl5). This option
is not yet supported by tH¢XT: tracking module (see Sectibn B.4).

keyword to specify an hexagonal symmetry of half a type Bragde (see FigurEl6). This option
is not yet supported by théXT: tracking module (see Sectibn B.4).

keyword to specify a complete hexagonal assembly (see figjgueelT).

3.3.4 Spatial description of geometry

The(descSP)kstructure is described in Taldlel22.

Table 22: StructurédescSP)

[ MESHXxxx(i), i=1,Ix+1) ]
[ SPLITX (ispltx(z), i=1,Ix) ]
[ MESHY(yyy(i), i=1,ly+1)]
[ SPLITY (isplty(i), i=1,ly) ]
[ MESHZzzZ(i), i=1,1z+1) |
[SPLITZ (ispltz(i), i=1,z)]
[ RADIUS(rrr(s), i=1,Ir+1)]
[ SPLITR (ispltr(z), i=1,r) |
[ OFFCENTERdisxyz(i), i=1,3)]
[ SIDE sideh[ hexmsh] ]
[ SPLITH isplth ]
[ { NPIN npins
{ [RPIN { rpins| (rpins(i), i=1, npin9 } ]
[ APIN { apins| (apingi), i=1, nping } | |
[ CPINX (xpins(i), i=1, nping) |
[ CPINY (yping(i), i=1, npin9) ]
[ CPINZ (zpind), i=1, npin9 | }

| DPIN dpins} |
Here
MESHX keyword to specify the spatial mesh defining the regionsgtha X —axis.
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XXX

SPLITX

ispltx

MESHY
Yy

SPLITY
isplty

MESHZ

zzZ

SPLITZ

ispltz

RADIUS

rrr

SPLITR

ispltr

OFFCENTER

disxyz

SIDE
sideh

hexmsh

array giving theX limits (cm) of the regions making up the geometry. These eslmust be
given in order, fromX- to X+. If the geometry presents a diagonal symmetry the same slata i
also used along thg —axis.

keyword to specify that a mesh splitting of the geometry gltive X —axis is to be performed.

array giving the number of zones that will be considered &mheregion along th& —axis. If
the geometry presents a diagonal symmetry this informasi@tso used for the splitting along
theY —axis. By defaultjspltx=1.

keyword to specify the spatial mesh defining the regionsgthaY —axis.

array giving theY limits (cm) of the regions making up the geometry. These eslmust be
given in order, fromy- to Y+.

keyword to specify that a mesh splitting of the geometry gltheY —axis is to be performed.

array giving the number of zones that will be considered &mheregion along th& —axis. By
default,isplty=1 unless a diagonal symmetry is used in which dagky—=ispltx.

keyword to specify the spatial mesh defining the regionsgtha Z —axis.

array giving theZ limits (cm) of the regions making up the geometry. Theseeslmust be
given in order, fronZ- to Z+.

keyword to specify that a mesh splitting of the geometry gltihve Z —axis is to be performed.

array giving the number of zones that will be considered &mheregion along th& —axis. By
default,ispltz=1.

keyword to specify the spatial mesh along the radial dioecti

array giving the radial limits (cm) of the annular regionglifedrical or spherical) making up the
geometry. It is important to note that we must haxr€1)=0.0.

keyword to specify that a mesh splitting of the geometry gltime radial direction is to be
performed.

array giving the number of zones that will be considered &mheregion along the radial axis. A
negative value results in a splitting of the regions intoemaf equal volumes; a positive value
results in a uniform splitting along the radial directiory. &efault,ispltr=1.

keyword to specify that the concentric annular region€ ARCEI. CARCELXCARCELYand
CARCELZgeometries are displaced with respect to the center of tiesian mesh. This dis-
placement also affects ti@JBE TUBEX TUBEYandTUBEZpin clusters locations. This option
is only processed by tHeEXCELT:, NXT: andEXCELL: tracking modules.

array giving ther (disxyz(1)), y (disxyZ2)) andz (disxyz(3)) displacements (cm) of the con-
centric annular regions with respect to the center of théeSem mesh.

keyword to specify the length of a side of a hexagon.
length of one side of a hexagon (cm).

triangular mesh foHEXTandHEXTZhexagonal geometries. By defauttexmsh=sideHnhr.
Whenhexmshis provided, it is used instead of the default value with thiofving constraints

sideh < nhr x hexmsh < sideh + hexmsh

The triangles in the last hexagonal ring are truncatesicith (see Figurélg).
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SPLITH

isplth

NPIN

npins

DPIN

dpins
RPIN

rpins

APIN

apins

CPINX

xpins

CPINY

ypins
CPINZ

zpins

keyword to specify that a triangular mesh splitting level REXTandHEXTZtype geometries
is to be considered. This is valid onlyrithr=1.

value of the triangular mesh splitting. Its use is similamfa except that each sector of the
hexagonal cell will be filled by a unique mixture.

keyword to specify the number of pins located in a clustemgetoy. It can only be used for
SPHERETUBE TUBEX TUBEYandTUBEZsub-geometry.

the number of pins associated with this sub-geometry in timegoy geometry.

keyword to specify the pin density in a geometry that corst@insters. A numbew,, , of pins
that will be placed randomly in the geometry with

dy, .V,
N,., = NINT [ 2Z-=<
—c

p

whered,, , is the pin densityl/, the volume of the cell containing these pins afidhe volume of
this pin type. The function NIN{) provides the nearest integer associated with its real aegtim
It can only be used faBPHERETUBE TUBEX TUBEYandTUBEZsub-geometry.

the pin densityl,, .

keyword to specify the radius of an imaginary cylinder whigre centers of the pins are to be
placed in a cluster geometry.

the radius (cm) of an imaginary cylinder where the centerthefpins are to be placed. In the
case where a single value is provided fpins, all the pins are located at the same distance from
the center of the cell (taking account the offset providetheykeywordOFFCENTER

keyword to specify the angle of the first pin or each pin cesdarn an imaginary cylinder in a
cluster geometry.

the angle (radian) of the first pin in the ring if only one vaiseprovided forapins (angular
spacing of the pins beingr/nping or the angle of each pinsin the ring.

keyword to specify ther position where the centers of the pins are to be placed in steslu
geometry.

thex position (cm) where the centers of the pins are to be placed.

keyword to specify they position where the centers of the pins are to be placed in steslu
geometry.

they position (cm) where the centers of the pins are to be placed.

keyword to specify the: position where the centers of the pins are to be placed in steslu
geometry.

the z position (cm) where the centers of the pins are to be placed.

The user should be warned that the maximum number of zoneKingsfrom the above description of a
geometryL,ones Should not exceed the limits imposed byaxregand defined in the tracking moduldMT:,
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SYBILT: or EXCELT: (see Sectioh3l4). For pure geometry with splitting we cdindehe variabled,, L,,
L., L, Ly,andL; as:

Ix

Ly =Y ispltx(i)
=1
ly
Ly, =" isplty(i)
=1
1z
L. = Z ispltz(i)
=1
Ir
i=1
Ly =1h

6 x nhr? if nhr > 1
6 x isplith? otherwise

and LzonesWill be given by:

e SPHEREjeometry.

Lzones: Lr
e TUBEgeometry.
Lzones: LzLyLr

e TUBEXgeometry.

Lzones: LzLyLer
e TUBEYgeometry.

Lzones: LwLyLer
e TUBEZgeometry.

Lzones: Lz LyLz L’I"

e CARI1Dgeometry.

Lzones: Lac
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e CAR2Dgeometry

— without diagonal symmetry.

Lzones: Lm Ly

— with diagonal symmetry.

Lo(L, +1) (L. + 1)L,

Lzones: =

2 2

e CARCELlgeometries.

Lzones: LzLy(LT + 1)

e CAR3Dgeometry

— without diagonal symmetry.

Lzones: Lz LyLz

— with diagonal symmetry.

L,(Ly+1)L, (L,+1)L,L,

Lzones: D) =

CARCELXgeometry.

Lzones: LwLyLz (Lr + 1)

CARCELYgeometry.

Lzones: LzLyLz (LT + 1)

e CARCELZeometries.

Lzones: LzLyLz (LT + 1)

HEXgeometry.

Lzones: Lh

HEXTgeometry.

Lzones: Lt
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e HEXCELgeometries.

Lzones: (Lr + 1)

HEXTCELgeometries.

Lzones: Lt (Lr + 1)

e HEXZgeometry.

Lzones: Lz Lh

e HEXTZgeometry.
Lzones: Lth
e HEXCELZgeometries.
Lzones: Lz (Lr + 1)
e HEXTCELZgeometries.

Lzones: Lth (Lr + 1)

For cluster geometries, only one region is associated waithh @one in a pin even if this pin is repeatgains
times.

3.3.5 Physical properties of geometry

In addition to specifying the mixture associated with eaadion in the geometry, thelescPP)structure is also
used to provide information on the sub-geometries requireédis geometry. An optional procedure can also be
used to groups together regions so as to reduce the numbekiedwns in the flux calculation. In this way, only
the merged regions contribute to the cost of the calculatitmwever, the following points must be considered:

1. All the cells belonging to the same merged region must llagesame dimensions and contain the same
mixtures.

2. The grouping procedure is based on the approximationalh#tie regions belonging to the same merged
region share the same flux.

3. The merging can also take into account region orientdbigra rotation and/or transposition) before they
are merged. This procedure facilitates the merging of regiohen eDIAG or SYMBboundary condition is
used.

The contents of thédescPP)structure is presented in Talple] 23.
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Table 23: StructurédescPP)

[ MIX (imix (i), i = 1, N;) [ REPEAT] ]

[ HMIX (ihmix (i), = 1, N;) [ REPEAT] |
[ CELL(HCELL(i),i=1,Ny)]

[ MERGEimergdi),i = 1, Ny) ]

[ TURN(HTURN(G), i = 1, Ny) |

[ CLUSTERINAMPIN (i) i = 1, N,)) |

Here IV, is the number of pin types in the cluster. In addition to thal (physical) mixtureimix present in a
given region of space and specified by the keywdi, a virtual mixtureihmix can also be provided using the
keywordHMIX. This mixture can be used to identify the regions that willdoenbined in theEDI: module to
create homogenized regidmmix (see Sectioh 319). Her¥; is computed in a way similar thonesnamely

e SPHEREjeometry.

Nt:“'

The real and virtual mixtures are given in the following arde
1. radially outward (= 1, Ir).

e TUBEgeometry.

Ny =1Ir xIxxly

The real and virtual mixtures are given in the following arde
1. radially outward{(= 1, Ir) and such thaimix (ihmix) is arbitrary (not used) if radial regidrdoes not
intersect Cartesian regidn j);
2. from surfacexX- to surfaceX+ (i = 1, Ix for eachy);
3. from surfacer- to surfaceY+ (5 = 1,ly).

e TUBEXgeometry.

Ny =lr xlyxlzxIx

The real and virtual mixtures are given in the following arde
1. radially outward{(= 1, Ir) and such thaimix (ihmix) is arbitrary (not used) if radial regidrdoes not
intersect Cartesian regidm, k, );
2. from surfacer- to surfaceY+ (j = 1, ly for eachk andi);
3. from surfaceZ- to surfaceZz+ (k = 1, lzfor eachi);
4. from surfaceX- to surfaceX+ (i = 1, 1x).
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e TUBEYgeometry.

Ny =lrxlzxIxxly
The real and virtual mixtures are given in the following arde

1. radially outward{= 1, Ir) and such thaimix (ihmix) is arbitrary (not used) if radial regidrdoes not
intersect Cartesian regidh, i, j);

2. from surfaceZ- to surfaceZ+ (k = 1,lzfor eachi andy);
3. from surfaceX- to surfaceX+ (i = 1, Ix for eachy);
4. from surfacey- to surfacey+ (j = 1,ly).

e TUBEZgeometry.

Ny =lrxIxxlyxlz

The real and virtual mixtures are given in the following arde

1. radially outward{(= 1, Ir) and such thaimix (ihmix) is arbitrary (not used) if radial regidrdoes not
intersect Cartesian regidn, j, k);

2. from surfacexX- to surfaceX+ (i = 1, Ix for eachj andk);
3. from surfacer- to surfaceY+ (5 = 1, ly for eachk);
4. from surface&Z- to surfacez+ (k = 1,12).

e CARI1Dgeometry.

Ntzlx

The real and virtual mixtures are then given in the followamder
1. from surfaceX- to surfaceX+ (i = 1, Ix).
e CAR2Dgeometry

— without diagonal symmetry.

Ny =Ixxly

The real and virtual mixtures or cells are then given in thHle¥dang order

1. from surfacexX- to surfaceX+ (i = 1, Ix for eachy);
2. from surfacer- to surfaceY+ (5 = 1,ly).

— with diagonal symmetryX- andY+).

IXxx (Ix+1
Ntzixg—i_ )

The real and virtual mixtures or cells are then given in tHie¥ang order
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1. from surfaceX- to surfaceX+ (i = j, Ix for eachy);
2. from surfacer- to surfaceY+ (5 = 1, ly).

— with diagonal symmetryX+andY-).

I
N, — X% (Ix+1)
2
The real and virtual mixtures or cells are then given in tHie¥ang order
1. from surfaceX- to surfaceX+ (i = 1, j for eachy);
2. from surfacer- to surfaceY+ (5 = 1, ly).

e CARCELlgeometries.

Ne=(Ir+1) xIxxly

The real and virtual mixtures are then given in the followamder
1. radially outward{= 1, Ir) and such thaimix (ihmix) is arbitrary (not used) if radial regidrdoes not
intersect Cartesian regidn j);
2. | = Ir+1 for the mixture outside the annular regions but inside Gateregion(s, j);
3. from surfaceX- to surfaceX+ (i = 1, Ix for eachy);
4. from surfacey- to surfacey+ (j = 1,ly).

e CAR3Dgeometry

— without diagonal symmetry.

Ny =Ixxlyxlz

The real and virtual mixtures or the cells are then given nfthlowing order

1. from surfaceX- to surfaceX+ (i = 1, Ix for eachj andk);
2. from surfacer- to surfaceY+(j = 1, lyfor k);
3. from surfaceZ- to surfaceZz+ (k = 1,12).

— with diagonal symmetryX- andY+).

_Ixx (Ix+1)
B 2

N; x|z

The real and virtual mixtures or the cells are then given enfthlowing order

1. from surfaceX- to surfaceX+ (i = j, Ix for eachj andk);
2. from surfacer- to surfaceY+ (5 = 1, ly) for eachk);
3. from surfaceZ- to surfaceZz+ (k = 1,12).

— with diagonal symmetryX+andY-).

CIxx (Ix+1) "

N; = 5 Iz

The real and virtual mixtures or the cells are then given enfthlowing order
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1. from surfaceX- to surfaceX+ (i = 1, j for eachj andk);
2. from surfacer- to surfaceY+ (5 = 1, ly for eachk);
3. from surfaceZ- to surfaceZ+ (k = 1,12).

e CARCEL>geometry.

Ne=(Ir+1) xlyxlzxIx

The real and virtual mixtures are given in the following arde
1. radially outward{= 1, Ir) and such thaimix (ihmix) is arbitrary (not used) if radial regidrdoes not
intersect Cartesian regidmn, k, i);
2. | = Ir+1for the mixture outside the annular regions but inside Gaateregionj, k, );
3. from surfacer- to surfaceY+ (j = 1, ly for eachk andi);
4. from surface&Z- to surfaceZ+ (k = 1,1z for eachi);
5. from surfaceX- to surfaceX+ (i = 1, 1x).

e CARCELYgeometry.

Ne=(Ir+1) xlzxIxxly

The real and virtual mixtures are given in the following arde
1. radially outward{(= 1, Ir) and such thaimix (ihmix) is arbitrary (not used) if radial regidrdoes not
intersect Cartesian regidr, i, j);
2. | = Ir+1for the mixture outside the annular regions but inside Gateregionk, i, j);
3. from surfaceZ- to surfacez+ (k = 1,1z for eachi andy);
4. from surfaceX- to surfaceX+ (i = 1, Ix for eachy);
5. from surfacer- to surfaceY+ (5 = 1,ly).

e CARCELZyeometries.

Ne=(Ir+1) xIxxlyxlz

The real and virtual mixtures are given in the following arde

1. radially outward{= 1, Ir) and such thaimix (ihmix) is arbitrary (not used) if radial regidrdoes not
intersect Cartesian regidn j, k);

2. | = Ir+1for the mixture outside the annular regions but inside Gaateregion(s, j, k);

3. from surfaceX- to surfaceX+ (i = 1, Ix for eachj andk);

4. from surfacey- to surfaceY+ (j = 1, ly for eachk).

5. from surfaceZ- to surfaceZ+ (k = 1,12).

e HEXgeometry.

Ny =1h

The real and virtual mixtures or the cells are given in theeotovided in Figurels|2 {0 7.
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e HEXTgeometry.
Three options are possible here:
— All the triangles in an hexagonal crown have the same mixiurthis case
N; = nhr

and the real and virtual mixtures are given from each croartiag at the center of the cell.

— All the triangles in an hexagonal crown in a given sector theesame mixture. In this case
N; =6 x nhr

and the real and virtual mixtures are given in the followimdey

1. from each crown in sectgrstarting from the center of the cell;
2. for each sectof = 1, 6.

— All the triangles contain a different mixture. In this case
N; = 6 x nhr?

and the real and virtual mixtures are given in the followimdey

1. from each trianglé (I = 1,2 x nhc — 1) in hexagonal crown of sector;. Figure[1 illustrates
region and surface ordering in the case where the defauiewadhexmshis used and Figuifg 8 the
same information when a different valuefedxmshis provided.

2. from each crown in sectgrstarting from the center of the cell;
3. for each sectof = 1, 6.

e HEXCELgeometries.

Ny=(Ir+1)

The real and virtual mixtures are given in the following arde

1. radially outward (= 1, Ir);
2. 1 = Ir+1 for the mixture outside the annular regions but inside theben.

e HEXTCELgeometries.
Three options are possible here:

— All the triangles in an hexagonal crown have the same mixiurthis case
Ny = (Ir + 1) x nhr

and the real and virtual mixtures are given in the followimdey

1. radially outward { = 1,Ir 4+ 1) for each crown{( = Ir 4 1 is for the part of crown outside the
annular regions);
2. from each crown starting from the center of the cell.

— All the triangles in an hexagonal crown in a given sector theesame mixture. In this case
Ny =6 x (Ir+1) x nhr

and the real and virtual mixtures are given in the followimdey
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1. radially outward{= 1,Ir 4 1) for each crown of each sectdr£ Ir + 1 is for the part of crown
outside the annular regions);

2. from each crown in sectgrstarting from the center of the cell;

3. foreach sectof = 1, 6.

— All the triangles contain a different mixture. In this case
Ny =6 x (Ir + 1) x nhr?

and the real and virtual mixtures are given in the followimdey

1. radially outward (= 1,Ir 4+ 1) for each trianglel(= Ir + 1 is for the part of triangle outside the
annular regions);

2. from each trianglé (I = 1,2 x nhc — 1) in hexagonal crowri of sectorj. Figure[1 illustrates
region and surface ordering in the case where the defauiewadhexmshis used and Figuifg 8 the
same information when a different valuefedxmshis provided.

3. from each crown in sectgrstarting from the center of the cell;
4. for each sectof = 1, 6.

e HEXZgeometry.

Ny=lhxlz

The real and virtual mixtures or the cells are given in théofeing order

1. according to Figurdd 2 [d 7 for plake
2. from lowest Z- ) to highest Z+) plane ¢ = 1, 12).

e HEXTZgeometry.
Three options are again possible here:

— All the triangles in an hexagonal crown in a plane have theesanmture. In this case
N; =nhr x |z

and the real and virtual mixtures are given in the followimdey
1. from each crown starting from the center of the cell;
2. from lowest Z-) to highest Z+) plane ¢ = 1, 12).
— All the triangles in an hexagonal crown in a given sector ittean@ have the same mixture. In this case

Ny, =6 xnhr x |z

and the real and virtual mixtures are given in the followimdey
1. from each crown in sectgrstarting from the center of the cell;
2. for each sectoj = 1, 6;
3. from lowest Z- ) to highest Z+) plane ¢ = 1, 12).

— All the triangles contain a different mixture. In this case
N, =6 x nhr? x Iz

and the real and virtual mixtures are given in the followimdey



IGE-174 Rev. 13 (Release 3.060) 43

1. from each trianglé (I = 1,2 x nhc — 1) in hexagonal crown of sectorj. Figure[l illustrates
region and surface ordering in the case where the defauleadhexmshis used and Figuid 8 the
same information when a different valuefedxmshis provided.

2. from each crown in sectgrstarting from the center of the cell;
3. for each sectoj = 1, 6;
4. from lowest Z-) to highestZ+) plane & = 1,12).

e HEXCELZgeometries.

Ny =(Ir +1) x Iz

The real and virtual mixtures are given in the following arde

1. radially outward (= 1, Ir) for planek;
2. | = Ir+1 for the mixture outside the annular regions but inside thebenal region on plank
3. from lowest Z-) to highestZ+) plane & = 1,12).

e HEXTCELZgeometries.

Ny =6 xnhr® x (Ir +1) x Iz

The real and virtual mixtures are given in the following arde

1. radially outward (= 1, Ir) for planek;
2. [ = Ir+1for the mixture outside the annular regions but inside agfie.

3. from each trianglé (I = 1,2 x nhc — 1) in hexagonal crown of sectorj. Figure[l illustrates the
triangular regions and external surfaces ordering in egalane in the case where the default value of
hexmshis used and Figulld 8 the same information when a differenevaf hexmshis provided.

4. from lowest Z- ) to highest Z+) plane ¢ = 1,12).

e HEXTCELZgeometries.
Three options are possible here:

— All the triangles in an hexagonal crown have the same mixiurthis case
Ny = (Ir+1) xnhr x Iz

and the real and virtual mixtures are given in the followimdey

1. radially outward { = 1,Ir + 1) for each crown{( = Ir + 1 is for the part of crown outside the
annular regions);

2. from each crown starting from the center of the cell;
3. from lowest Z-) to highest Z+) plane & = 1, 12).

— All the triangles in an hexagonal crown in a given sector theesame mixture. In this case
Ny =6x(Ir+1) xnhr xlz

and the real and virtual mixtures are given in the followimdey

1. radially outward{= 1,Ir 4 1) for each crown of each sectdr£ Ir + 1 is for the part of crown
outside the annular regions);
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2. from each crown in sectgrstarting from the center of the cell;
3. for each sectof = 1, 6;
4. from lowest Z-) to highest Z+) plane & = 1,12).

— All the triangles contain a different mixture. In this case

Ny =6 x (Ir + 1) x nhr? x Iz

and the real and virtual mixtures are given in the followimdey
1. radially outward (= 1, Ir + 1) for each trianglel(= Ir + 1 is for the part of triangle outside the
annular regions);

2. from each trianglé (I = 1,2 x nhc — 1) in hexagonal crown of sector;j. Figurell illustrates
region and surface ordering in the case where the defauléwfhexmshis used and Figuifd 8 the
same information when a different valuefedxmshis provided.

3. from each crown in sectgrstarting from the center of the cell;
. for each sectof = 1, 6.
5. from lowest Z- ) to highest Z+) plane ¢ = 1, 12).

N

The meaning of the parameters presented in Table 23 follows:

MIX

imix

HMIX

ihmix

REPEAT

CELL

HCELL

MERGE

keyword to specify the real (physical) isotopic mixture rhenassociated with each region in-

side the geometry. When diagonal symmetries are consigdengdthe mixture associated with
regions inside the original geometry need to be specifiede He< N,.

array of real (physical) mixture numbers associated witbgaon. Ifimix=0, the corresponding
volume is filled with void.

keyword to specify the virtual mixture number associatethwach region inside the geometry.
When diagonal symmetries are considered, only the mixtssecated with regions inside the

original geometry need to be specified. Heye< N,.

array of virtual mixture numbers associated with each megichis information is processed by
theNXT: tracking module (see Sectibn B.4) for use byBiH: module (see Sectidn 3.9). Inthe

case wheréhmix=0, the corresponding volume is not considered in the homiaggon process.

keyword to specify that the previous list of mixtures (reelotual) will be repeated. This is
valid only whenN; /n; is an integer. If this keyword is absent and < N, then the missing
mixtures will be replaced with voidiix=ihmix=0).

keyword to specify the sub-geometriggeierating cellsthat fill a Cartesian or hexagonal as-

sembly of cells. When a sub-geometry is located inside a g&grbut outside the calculation
region it must be declaredrtual (for example, the corners of a nuclear reactor).

array of sub-geometrgharacter *12 names to fill the Cartesian or hexagonal assembly of

cells. The same sub-geometry may appear in different pasitivithin the global geometry if

the material properties and dimensions are identical. Dineept of sub-geometry is useful for

the JPMT: andSYBILT: calculation options since the collision probability mataissociated

with each sub-geometry is computed independently of itatlon in the geometry. In general,

the neutron flux in identical sub-geometry located at déffeédocations will be different even if

they are associated with the same collision probabilityrinalhese sub-geometry names must

be specified in the same order as for real and virtual mixtures

keyword to specify that some sub-geometries or regions bristerged.
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imerge

TURN

HTURN

CLUSTER
NAMPIN

array of numbers that associate a global sub-geometry mmregmber with each sub-geometry
or region. All the sub-geometries or regions with the sanodal number will be attributed the
same flux.

keyword to specify that some sub-geometries must be rotatsglace before being located at a
specific position.

array ofcharacter *1 keywords to rotate conveniently each sub-geometry. ThertA to

L are used as keywords to specify these rotation. For Cantggiametries, the eight possible

orientations are shown in figure Figlide 9 while for hexaggealmetries the orientations avail-

able are illustrated in figure Figurel10. For 3-D cells, thmesdetters can be used to describe
the rotation in theX — Y plane. However, an additional sign can be glued to the 2—D rotation

identifier to indicate reflection of the cell along the-axis (A to-L ).

keyword to specify that pin sub-geometry will be insertethie geometry (see Figurel11).

array of sub-geometrgharacter * 12 names representing pins. These sub-geometries must
be of typeTUBE TUBEX TUBEYor TUBEZ

3.3.6 Non standard geometries

The structur¢descNSG)provides the possibility to define non standard geometuels as double-heterogeneity
anddo-it-yourselfassemblies (see Taljlel 24).

Table 24: StructurédescNSG)

[ BIHET { TUBE| SPHE} nmistr nmilg

(ns(7), i=1,nmistn)

((rs(i, 5), 7=1,n(i)+1),i=1,nmistr)

(milie(3), 1=1,nmilg)

(mixdil (i), i=1,nmilg)

((fract(i, ), j=1,nmistn ( [(mixgr(i, j, k), k=1,n(5))], j=1,nmistr), i=1,nmilg) |
[ POURCEHpcinl(i), i=1,p) |
[ PROCEL(picel(i, ), j=1Jp), i=1lp) ]

The parameters use in Tabld 24 have the following meaning:

BIHET

TUBE
SPHE

nmistr

keyword to specify that a sub-geometry made up of sphericaylindrical micro structures is
to be inserted into the current geometry. Each micro streatan be composed of many micro
volumesB455]

keyword to specify that the micro structures are cylinders;
keyword to specify that the micro structures are spheres.

number of micro structure types in the region. Each type @ranstructure is characterized by
its dimension and may have distinct volumetric concerdretiin each of the macro geometry
volumes. All the micro structures of a given type have theesanclear properties in a given
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nmilg

ns

rs

milie

mixdil

fract

mixgr

POURCE

pcinl

PROCEL

pijcel

macro volume. The micro structures of a given type may haferdnt nuclear properties within
different macro volumes.

number of micro structures regions.

array giving the number of sub-regions (tubes or spheriwalls) in the micro structures. Each
type of micro structures may contain a different number afrmivolumes.

array giving the radius of the tubes or spherical shells mgkip the micro structures. For each
type of micro structure, the initial radius must bes(1, 7) = 0.0.

array giving the composite mixture number associated vattheegion in the micro structures.
These composite mixture numbers must be greater than thenmaxnumber of real mixtures
maxmix.

array giving the mixture number associated with each regfdhe geometry where the micro
structure is to be inserted.

array of volumetric concentratiorV§;/Vg) of each micro structures (volumié;) in a given
region (volumée/g) of the geometry.

array giving the mixture number associated with each regfdhe micro structures. Note that
mixgr should be specified only for the regions of the micro strietunich have a concentration
fract>0.

keyword to specify that do-it-yourseltype geometry is to be defined, that is to say a geometry
resembling the multicell geometry seen in APOLLAYL This option permits the interactions
between different arbitrarily and statistically (defaniittion) arranged cells in an infinite lattice
to be treated. The cells are identified by the informatiotofeing the keywordCELL. The user
must ensure that the total number of regions appearing thaltells must be less thamaxreg

array giving the proportion of each cells type in the latsceh that:

Ilp
1> peini(i) — 1.| <107°
i=1

keyword to specify that in do-it-yourseltype geometry rather than using a statistical arrange-
ment of cells, a pre-calculated cell distribution is to besidered.

array giving the pre-calculated probability for a neutreaving a cell of type i to enter a cell of
type j without crossing any other cell. The constraint

|S (i) peinl (i) pijeel (i, §) — S(j)peind (§)pijeel (j,4)| < 107*

whereS(i) andS(j) are the exterior surface areas of the cells of typad;j respectively, must
be satisfied.

Examples of geometry definitions for DRAGON can be found intea[4.2.

3.4 The tracking modules

The tracking modules perform an analysis of the geometcjiiding region volume and surface area calcula-
tions, and generate the integration lines for a geometiywia previously defined in th@EO: module. These
operations are carried out differently depending on thektray algorithm considered.

Five different tracking modules are available in DRAGON:
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1. TheJPMT: module which is used to perform an interface current tragkiside homogeneous regi&&#%d;
2. TheSYBILT: module which is used for interface current tracking insideehogeneous blocks;

3. TheEXCELT: module performs the tracking over the complete geomettyistttropid!2L3] or speculd? 179
surface current;

4. TheNXT: module is a generalization &XCELT: to more complex geometry, including assemblies of
clusters in 2-D and 3-D. It also performs the tracking overdbmplete geometry;

5. TheBIVACT: module is used to perform a 2-D diffusion like tracking thaynbe required for homoge-
nization purpose§l

The first four tracking modules can be used to generate tloenration required for a solution to the transport
equation. The last modul®(VACT: ) can only be used in thEDI: module since it is not compatible with
the flux solutionFLU: and self-shieldingsHI: modules. The general information resulting from thesekirar
modules is stored in ARACKING data structure. For th&PMT:, EXCELT: andNXT: modules, an additional
sequential binary tracking file may be generated.

None of these modules can analyze all the geometries thdiecdrfined with th&EO: module. In general,
some restrictions apply to each tracking option as a funatiothe approximations associated with the specific
transport solution method. For instance

e Geometries that can be analyzed by the mo&8XEELT:

a) 2-D geometries§AR2DandHEX) that contain sub-geometriecSARCELandHEXCELrespectively).

b) 2-D cluster geometries corresponding ta'dBE sub-geometry superimposed on a glob&alBE
CARCELor HEXCELgeometry (here the main restriction is that the pins areg floitated inside the
annular part of the cell and they do not overlap even if theymaerlap internal annular regions).

c) 3-D assembliesGAR3Dor HEXZ) that respectively contain Cartesian/annu@ARCELXCARCELY
andCARCELZ and hexagonal/annular sub-geometries.
e Geometries that can be analyzed by the motiH&:

a) Cartesian 2-D and 3-D geometries that can be processée B)XCELT: module described above.

b) A generalization of the Cartesian 2-D and 3-D geomethes tan be processed IBXCELT: that
includes pin clusters.

b) A generalization of the hexagonal 2-D and 3-D assembliasd¢an be processed BBXCELT: and
contain hexagons with a triangular mestEXTor HEXTZ and can include pin clusters.
e Geometries that can be analyzed by the mo@Y8ILT:

a) Homogeneous geometdfOMOGE
b) 1-D geometrieSPHERETUBEandCAR1D

c) 2-D geometrie€AR2DandHEXincludingCARCELandHEXCELsub-geometries as well #RTUAL
sub-geometries;.

d) 2-D non standard geometries containing micro structures
e) Double heterogeneity option.

e Geometries that can be analyzed by the modBIIT:

a) 1-D geometrieSPHERETUBEandCAR1D

b) 2-D geometrie€AR2DandHEXincludingCARCElandHEXCELsub-geometries as well %$RTUAL
sub-geometries.
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c) 2-D cluster geometries corresponding tad'dBE sub-geometry superimposed on a glob&alBE
CARCELor HEXCELgeometry (each cluster must be located between two indep¢manular re-
gions and the clusters must not overlap).

d) 3-D TUBEZgeometries.
e) Double heterogeneity option.

e Geometries that can be analyzed by the mo@INACT:

a) 2-D CartesianGQAR2D geometries.
b) 2-D hexagonalHEX) geometries.
The global numbering of the zones for a specific geometrygqeds following an order that is generally de-

pendent on the specific tracking module selected. For mdoenration on the region ordering selected by the
EXCELT: module one can consult reference [5] while for &T: module the information is provided in refer-

encel[14].
The calling specifications for each of these modules areigeohn Table§ 25 th 29.

Table 25: Structur€EXCELT:)

TRKNAM [ TRKFIL | := EXCELT: [ TRKNAM | [ TRKFIL | GEONAM :: (desctrack) (descexcel)

Table 26: StructuréNXT:)

{ TRKNAM := NXT: GEONAM :: (desctrack) (descnxt)
TRKFIL TRKNAM :=NXT: TRKNAM :: (desctrack) (descnxt)
TRKFIL TRKNAM :=NXT: GEONAM :: (desctrack) (descnxt)}

The first form for the structur®XT: is used to analyze the geometry and track but will not geaeratacking
file (see Tablg26). The second form can be used to generaaekang file from a compatibleRACKING data
structure. Finally the last form generates both the tragkie and theTRACKING data structure from theEom-
ETRY data structure. Thus, evenTRKFIL is not provided the tracking of the geometry may still takacgl and
will be validated. The track normalization factors reqdite ensure volume preservation will also be computed
and stored oWRKNAM . This information is required by thaSM: module for collision probability integration
with online track generation (see Section 3.6).

Table 27: Structur@IPMT:)

TRKNAM [ TRKFIL | :=JPMT: [ TRKNAM | [ TRKFIL | GEONAM :: (desctrack) (descjpm)
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Table 28: StructuréSYBILT:)

TRKNAM :=SYBILT: [ TRKNAM | GEONAM :: (desctrack) (descsybil)

Table 29: StructuréBIVACT:)

TRKNAM =B

IVACT: [ TRKNAM ] GEONAM :: (desctrack) (deschivac)

In Tables2b t6 29 we have used:

TRKNAM

TRKFIL

GEONAM
(desctrack)
(descexcel)
(descnxt)
(descsyhil)
(descjpm)

(descbhivac)

character *12 name of theTRACKING data structure that will contain region volume and sur-
face area information in addition to region identificatianiriers and other tracking information.

character *12 name of the sequential binary tracking file used to storerdmzks length&!
This file is always required for thEXCELT: module. It is also required if théPMT: module
is applied to a cluster type geometry. It is optional for T: module.

character *12 name of thesEOMETRY data structure to analyze.
structure describing the general tracking data (see $e8i#1)

structure describing the tracking data specifiEXCELT: (see Sectioh 3.4.2).
structure describing the tracking data specifibldT: (see Sectioh 3.4.3).
structure describing the tracking data specifiS¥XBILT: (see Sectioh 3.4.4).
structure describing the tracking data specifidBMT: (see Sectioh 3.4.5).
structure describing the tracking data specifiBtdACT: (see Sectioh 3.4.6).

3.4.1 The general tracking data

This data structure is described in Tablé 30.

Table 30: Structurédesctrack)

[ EDIT iprint

[TITL TITLE ]
[ ANIS nanis|
[

{ RENO NORE RENM REND} |
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Here

EDIT

iprint

TITL
TITLE

ANIS

nanis

RENO

NORE
RENM

REND

keyword used to modify the print levédrint.

index used to control the printing of this module. The amooibutput produced by each
tracking module vary substantially depending on the pemn¢l specified, the geometry analyzed
and the tracking options selected. For example, witiNK&: module, one generally has

e if iprint=0, no output is produced.

e if iprint<1, a minimum amount of output is produced (main geometry @itgs, maxi-
mum and average errors on regional volume and surface azeléimg from the tracking).

e if iprint<2, local errors on regional volume and surface area regufttim the tracking are
also produced.

o if iprint>1000, explicit follow up of the tracking process as it prages through the code.

keyword to specify the title for this tracking file.

thecharacter 72 title associated with this tracking file. By defaultlTLE is a series of 72
blank characters.

keyword to specify the order of anisotropy in collision pabidity or for the method of charac-
teristics.

order of anisotropy in collision probability or for the methof characteristics. A default value of
1 represents isotropic calculations while a value of 2 spoeds to linearly anisotropic collision
probability. For theP1JK option, a value of 2 is required (see Secfiod 3.6).

keyword to specify the use of the automatic procedure fagration lines normalization to the
fine mesh volumes. This normalization procedure ensuresarebalance for each fine mesh
zone. ltis the default option for transport based trackiragloies (not valid for th&IVACT:
tracking module).

keyword to specify that automatic normalization of the gnegion lines should be deactivated.

keyword to specify that the automatic normalization prasedor integration lines will be ap-
plied to the merged volumes. This normalization procedmsiges neutron balance for each
merged zone. This option is only valid when tBXCELT: module is called.

keyword to specify that the automatic normalization pragedor integration lines will be ap-
plied to the merged volumes for each tracking direction.sTiarmalization procedure ensures
neutron balance on the fine mesh for each direction. Thi®oi only valid when theNXT:
module is called.

3.4.2 TheEXCELT: specific tracking data

Table 31: Structurédescexcel)

[ MAXRmaxreg]

continued on next page
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Structure(descexcel) continued from last page

{ PISO | PSPC} ]

CUTpcut]

{ GAUS LCMD CACA| CACB} npol]

TRAK[ CORNacorn|
{ TISO [ { EQW GAUS} | nangl deng densz | TSPC|[ MEDI| nangl dens
[ SYMMsymm]| |

where

MAXR

maxreg

PISO

PSPC

CuT

pcut

GAUS

LCMD

CACA

CACB

npol
TRAK
CORN

keyword to define the maximum number of regions that will beegated for this geometry.

maximum dimensions of the problem to be considered. Thaittefalue is set to the number of
regions previously computed by ti&EO: module. However this value is generally insufficient
if symmetries or mesh splitting are specified.

keyword to specify that a collision probability calculatievith isotropic reflection boundary
conditions is required. It is the default option iT&SO type integration is chosen. To obtain ac-
curate transmission probabilities for the isotropic caseriecommended that the normalization
options in theASM: module be used (this is the default optiorASM:).

keyword to specify that a collision probability calculatiwith mirror like reflection or periodic
boundary conditions is required; this is the default optfan TSPCtype integration is chosen.
This calculation is only possible if the file was initially mstructed using th&€ SPCoption.

keyword to specify the exponential cutoff parameter foricymollision probability or character-
istic integration (specular tracking only).

real value cutoff representing the maximum error allowedh@nexponential function used for
specular collision probability calculations. Tracks vii# cut at a length such that the error in
the probabilities resulting from this reduced track will dfethe order ofpcut. By default, the
tracks are extended to infinity apdut=0.0. If this option is used in an entirely reflected case, it
is recommended to use thEORMommand in theASM: module.

keyword to specify that a gaussian quadrature for the potagration is to be used. Used by the
method of characteristics with cyclic tracking.

keyword to specify that optimized polar integration ancges to be selectd® This is the
default option. Used by the method of characteristics wyttlic tracking.

keyword to specify that CACTUS type equal weight polar in&ipn angles are to be selectéd.
Used by the method of characteristics with cyclic tracking.

keyword to specify that CACTUS type uniformly distributedi@r integration angles are to be
selected®® Used by the method of characteristics with cyclic tracking.

the polar quadrature order. Used by the method of charatitsrivith cyclic tracking.
keyword to specify the tracking parameters to be used.

keyword to specify the corner cutoff.
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pcorn

TISO

EQW
GAUS

TSPC

MEDI

nangl

dens

densz

SYMM

isymm

corner cutoff (cm). Track redistribution will take placetlife minimum distance between a line
and the point of intersection of > 2 external surfaces is smaller than the corner cutoff. In
this case the line will be replicatedtimes, each of these lines being associated with a different
external surface and its weight will be multiplied by a factgn. This allows for a better
distribution of tracks which are relatively close toexternal surfaces. By default, there is no
special treatment for the corners goebrr=0.0.

keyword to specify that isotropic tracking parameters isupplied. This is the default track-
ing option for cluster geometries.

keyword to specify the use of equal weight quadraféfte.

keyword to specify the use of the Gauss-Legendre quadraithis option is valid only if an
hexagonal geometry is considered.

keyword to specify that specular tracking parameters valsbpplied. This option is invalid for
2-D hexagonal or annular geometries and for general 3-D gaaas.

keyword to specify that instead of selecting the anglestégtat the end of each angular interval,
the angles located in the middle of these intervals are &led his is particularly useful if one
wants to avoid tracking angles that are parallel to #he or Y —axis as is the case when the
external region of £ARCELgeometry is voided.

angular quadrature parameter where

e For 3-D geometry, only thEQWbption is permitted witmangk2, 4, 8, 10, 12, 14 or 1€

e For 2-D isotropic tracking, any value aang/may be used and equidistant angles will be
selected.

e For 2-D specular tracking the input value must be of the fpra 1 wherep is a prime
number (for example=7,11, etc.); the choice afang/= 8, 12, 14, 18, 20, 24, or 30 are
allowed.

real value representing the approximate density of thematen lines (incm ! for 2-D Carte-
sian and 3-D hexagonal geometries amnd~2 for 3-D Cartesian geometries ). The choice of
density along the plan perpendicular to each track diract&pends on the geometry of the cell
to be analyzed. If there are zones of very small volume, a lnghdensity is essential. This
value will be readjusted big XCELT:. In the case of cluster type geometries the default value of
this parameter i§/r,, wherer,,, is the minimum radius of the pins or the minimum thickness of
an annular ring in the geometry.

real value representing the density of the integratiorslifiecm "' for 3-D hexagonal geome-
tries).

keyword to specify that the cluster geometry has a rotatisyrametry.

integer value describing the rotational symmetry of thet@ugeometry (invariant undes/isymm
rotation). The fixed default of this parameteris 1.

3.4.3 Tha\XT: specific tracking data



IGE-174 Rev. 13 (Release 3.060) 53

Table 32: Structurédescnxt)

[{PISO | PSPC} |

[ CUTpcut]

[ CORNpcorn]

[{ SYMMsymm| NOSY|

[{TISO | TSPC}
[ { EQW MEDI| PNTN| SMS} | nang!
[ { GAUS CACA CACB| LCMD TRAD| TRAA} npol |
dens| densi2] |

[NOTR
[ NBSLIN nbslin]
[LONG
where
PISO see Section 3.41.2.
PSPC see Sectioh 3.4.2.
CuUT see Section 3.4].2.
pcut see Sectioh 3.4].2.
CORN see Sectioh 3.4.2.
pcorn see Sectioh 3.4.2.
SYMM keyword to specify the level to which the tracking will respthe symmetry of the geometry.
isymm level to which the tracking will respect the symmetry of te®metry. For 2-D and 3-D Cartesian
geometries it must takes the foigsymn=25, + 45, + 165, where
e S, = 1ifthe X symmetry is to be considered afgd = 0 otherwise.
e S, = 1iftheY symmetry is to be considered afgl = 0 otherwise.
e S. = 1ifthe Z symmetry is to be considered afd = 0 otherwise.
NOSY keyword to specify the full tracking will take place irregpige of the symmetry of the geometry.
This is equivalent to specifyingymm=0.
TISO see Sectioh 3.4.2.
TSPC see Sectioh 3.4.2.
EQW keyword to specify the use of equal weight quadrature (atiaiuntegration in 2-D using a
trapezoidal quadrature @fQ y directional quadrature in 31&1).
MEDI see Sectioh 3.41.2.
PNTN keyword to specify that Legendre-Techbychev quadratuliebeiselected (only valid for 3-D
geometriesitd
SMS keyword to specify that Legendre-trapezoidal quadratutebs selected (only valid for 3-D

geometriesitd
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nangl

GAUS
CACA
CACB
LCMD
TRAD

TRAA

npol

dens

NOTR

NBSLIN
nbslin

LONG

azimuthal or directional (3D) quadrature order. Dependinghe geometry and the tracking
optionsnanglwill take different meaning:

e For Cartesian and hexagonal 2-D geometries with isotroaaking (only option permitted
is EQWwhich is the default value), the azimuthal anglds discretized using a double
nangltrapezoidal quadratur® € ¢ < 7/2 andn/2 < ¢ < 7).

e For Cartesian 2-D geometries with cyclic (specular) tragKonlyMEDI option permitted,
the default being to use end of range azimuthal positior®,atimuthal angle is dis-
cretized using a specialized numerical quadrature. Inddéenang/ must be of the form
p + 1 wherep is a prime number (for exampje=7,11, etc.); only thenangl= 8, 12, 14,
18, 20, 24, or 30 are allowed. By default the polar angle catade is a Gauss-Legendre
guadrature of ordemangl2+1 (it can also be specified independently).

e For Cartesian and hexagonal 3-D geometries withE@\bption, Carlson equal weight
directional quadrature are select®¥ The only values ohanglpermitted are then 2, 4, 8,
10, 12, 14 or 16 corresponding to 1, 3, 10, 21, 28 and 36 diestper quadrant in the
upper half sphere.

e For Cartesian and hexagonal 3-D geometries withRN& Nor SMSoptions,nang/ must
be an even number smaller thanlZ.

see Sectioh 3.4.2.
see Sectioh 3.4.2.
see Sectioh 3.4.2.
see Sectioh 3.4.2.

keyword to specify that the polar integration will be cadrigut using an ordempol trapezoidal
quadrature oveti = cos ¥ (0 < p < 1).

keyword to specify that the polar integration will be cadrigut using an ordempol trapezoidal
quadrature ovef (0 < ¥ < 7/2).

the polar quadrature order.

real value representing the density of the integratiorslifiecm ! for 2-D cases andm 2 for
3-D cases cases). This choice of density along the plan peiqpédar to each angle depends on
the geometry of the cell to be analyzed. If there are zoneepf small volume, a high line
density is essential. This value will be readjusted\XT .

keyword to specify that the geometry will not be tracked.slikiuseful to verify if the geometry
is adequate (can be processed by the module) before théygmiocess as such is undertaken.
For 2-D geometries, the tracking data structure generaadoe used directly by thBSP:
module (see Sectidn 3115) to illustrate the geometry.

keyword to change the default value for the maximum numbsegfments per lines.
maximum number of segments per lines. By defabls/ir=100000.

keyword to specify that a “long” tracking file will be genesdt This option is required if the
tracking file is to be used by tHELM: module (see Sectign 3119).

3.4.4 TheSYBI LT: specific tracking data
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Table 33: Structurédescsybil)

[ MAXRmaxreg|

[ MAXJImaxcur] | MAXZmaxint|

[HALT]

[ QUAliqual] [ QUA2iqua2 nsegmerit] { EQW GAUS} |
[ { ROTH ROT+ DP00| DPO1} |

[ ASKE] [ LIGN | [ RECT]

[

QUABquab]
where
MAXR keyword to specify the maximum number of flux regions for tigemetry.
maxreg maximum number of flux regions for this geometry. The defaaltie is set to the number of

regions previously computed by ti&EO: module. However this value is generally insufficient
if symmetries or mesh splitting are specified.

MAXJ keyword to specify the maximum number of interface currentgounding the blocks in the
calculations.
maxcur the maximum number of interface currents surrounding tbeks. The default value ig1ax-

cur=max (18,4 maxreg.

MAXZ keyword to specify the maximum amount of memory requireddoesthe tracking lines.

maxint the maximum amount of memory required to store the trackitesl The default value isax-
int=10000.

HALT keyword to stop the execution at the end of the geometry aigalyThis option permits the

geometry inputs to be checked, the number of blocks andfatercurrents to be calculated,
and a conservative estimate of the memory required fomggdhe tracks to be made for mixed

geometries.
QUA1 keyword to specify the 1-D integration parameters.
iqual number of basis points for the angular integration of thekdan a 1-D geometry. This parameter

is not used folCAR1Dgeometries. If a Gauss-Legendre or Gauss-Jacobi quagliatused, the
values ofiqualallowed are: 1 to 20, 24, 28, 32 or 64. The default valugig1=5.

QUA2 keyword to specify the 2-D integration parameters.

iqua2 number of basis points for the angular integration of a 2-Dinserted in an assembly. If a
Gauss-Legendre or Gauss-Jacobi formula is used the vdlaegd for iqua2are: 1 to 20, 24,
28, 32 or 64. The default value igua2=6 and represents the number of angleinr(4) for
Cartesian geometries antl ¢r/6) for hexagonal geometries.

nsegment number of basis points for the spatial integration of a 2-Ib ioserted in an assembly. The
default value isisegment3.

EQW keyword to specify the use of an equal weight quadrature ogeth

GAUS keyword to specify the use of the Gauss-Legendre or the Glagsshi quadrature method. This

is the default option.
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ROTH

ROT+

DPOO

DPO1

ASKE

LIGN

RECT

QUAB

iquab

keyword to specify that the isotropiéXP,) components of the current at cell interfaces is used
with the incoming current being averaged over all the faegsosinding a cell. The global
collision matrix is calculated in a annular model. Only usa2-D assemblies of cells.

keyword to specify that the isotropi®(F,) components of the current at cell interfaces is used.
The global collision matrix is calculated in a annular mod@hly used for 2-D assemblies of
cells.

keyword to specify that the isotropid@(F,) components of the current at cell interfaces is used.
The global collision matrix is computed explicitly. Onlyagfor 2-D assemblies of cells.

keyword to specify that the linearly anisotropib ;) components of the current at cell inter-
faces are used. This hypothesis implies 12 currents peiircellcartesian geometry and 18
currents per cell for a hexagonal geometry. Linearly anignt reflection conditions are used.
Only used for 2-D assemblies of cells.

keyword to specify the use of akskewcylinderization of the cells that preserves both the exter-
nal surface and the material balance of the external crowa (bodification of its concentration).
By default aWigner cylinderization of the cell is used that preserves the vawithe external
crown. Note, that an assembly containing a number of rectangells having unequal volumes
requires Askew cylinderization. This option can only bedigéhe ROTHor ROT+options are
also activated. Only used for 2-D assemblies of cells.

keyword to specify that all the integration lines are to bimged. This option should be used
with care because it can generate a rather large amountmito@nly used for 2-D assemblies
of cells.

keyword to specify that square cells are to be treated agyf were rectangular cells, with the
inherent loss in performance that this entails. This opigasf purely academic interest.

keyword to specify the initial number of basis point for themerical integration of each micro
structure in cases involving double heterogeneity.

the number of basis point for the numerical integration efcbllision probabilities in the micro
volumes using the Gauss-Jacobi formula. The values peddte: 1 to 20, 24, 28, 32 or 64.
The default value igguab=5.

3.4.5 ThelPMI: specific tracking data

Table 34: Structurédescjpm)

[ MAXRmaxreg|

[ MAXJImaxcur] | MAXZmaxint|

[HALT] [ OLD]

[{1PO0 |SPO1|IPO1 }]

[ QUAliqual] [ QUA2iqua2 nsegmerit] { EQW GAUS} |
[ { ROTH ROT+ DP00| DPO1} |

[ ASKE] [ LIGN | [ RECT]

[ { RECD RECR} ]

[ { BPOO | BPO1} | [ QUABIquab]
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where

MAXR
maxreg
MAXJ
maxcur
MAXZ
maxint

OoLD

HALT
IPOO

SP0O1

IPO1

QUA1
iqual
QUA?2
iqua2
nsegment
EQW
GAUS
ROTH
ROT+
DP00
DPO1
ASKE
LIGN
RECT

see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.41.4. This option is not used for cluster gedeset
see Sectioh 3.4.4.

keyword to specify that a set of previously calculated saii probabilities saved chRKNAM

is to be recovered. This option is of interest in cases whesecbolant occupies a region of
a complex geometry (such as a fuel assembly or bundle) andlatibns of isotopic evolution
(burnup) or resonance self-shielding are required. Byudgfall the probabilities are recalcu-
lated even if only one isotopic mixture is modified.

see Sectioh 3.4.4. This option is not used for cluster gedeset

keyword to specify that an isotropic angular flux betweerhdaock is used (default option for
the TUBEZgeometries).

keyword to specify that a linearly anisotropic angular fletieen each block is used in com-
bination with linearly anisotropic boundary conditiongfault option for all geometries except
TUBE SPHERE&NdTUBEZ.

keyword to specify that a linearly anisotropic angular fletieeen each block is used in com-
bination with isotropic boundary conditions (default @ptifor theTUBEand SPHEREgeome-
tries).

see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
see Sectioh 3.4.4.
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RECD keyword to specify the use of the direct reconstruction meétfor the collision probabilities
(method with refraction effects). Only used when clustarrgetries are considered.

RECR keyword to specify the use of the surface fractioning retrocion method for the collision
probabilities (no refraction effect but twice the numbemérfaces). This is the default option.
Only used when cluster geometries are considered.

BPOO keyword to specify the use of an isotropic angular flindy) approximation between the micro
volumes making up the micro structures in a case involviegtéatment of double heterogene-
ity.

BPO1 keyword to specify the use of a linearly anisotropic angftliat (D P;) approximation between

the micro volumes making up the micro structures in a caselving the treatment of double
heterogeneity. In all cases, an approximation of isotrapigular flux is used on the interface
between the micro structures and the macro volumes. THigidefault option.

QUAB see Sectioh 3.4.4.
iquab see Sectioh 3.4.4.

3.4.6 TheBl VACT: specific tracking data

Note that this tracking option can only be used indirectiptilygh theSPHhomogenization option (see Sec-
tion[3.9.1):

Table 35: Structurédeschivac)

[ MAXRmaxreg]
[{ PRIM| DUAL} [ ielem icol [ isplh]]]

where

MAXR ksee Section 3.4.4.

maxreg see Sectioh 3.4.4.

PRIM keyword to specify a primal finite element (classical) digi@ation.

DUAL keyword to specify a mixed-dual finite element discretizati

ielem order of the finite element representation. The values akbfer Cartesian geometries are

ielem=1 for linear polynomials,
ielem=2 for parabolic polynomials,
ielem=3 for cubic polynomials, and
ielem=4 for quartic polynomials.

By defaultieler=1. For hexagonal geometries, ongferm=1 is allowed.

icol type of quadrature used to integrate the mass matrices. albhesvallowed are
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isplh

icol=1 for analytical integration,

icol=2 for Gauss-Lobatto quadrature, and

icol=3 for Gauss-Legendre quadrature.

By defaulticol=2. The analytical integration corresponds to classicékfielements; the Gauss-

Lobatto quadrature corresponds to a variational or nogal ¢tpllocation and the Gauss-Legendre
quadrature corresponds to superconvergent finite elements

type of hexagonal mesh splitting. This data valid only fdd Bexagonal geometries. The values
allowed are

isplh=1 for full hexagon,

isplh=2 for for splitting each hexagon into 6 triangles,

isplh=3 for splitting each hexagon into 24 triangles,

isplh=5 for splitting each hexagon into 96 triangles,

isplh=9 for splitting each hexagon into 384 triangles, and

isplh=17 for splitting each hexagon into 1536 triangles.

Various finite element approximations can be obtained bytioimg different values ofelemandicol:

PRIM
PRIM
PRIM
PRIM
PRIM
PRIM
PRIM
PRIM
PRIM
PRIM
DUAL
DUAL
DUAL
DUAL
DUAL
DUAL
DUAL
DUAL
DUAL
DUAL

1

1
1
2
2
2
3
3
3
4
1
1
1
2
2
2
3
3
3
4

1 Linear finite elements;

Mesh corner finite differences;

Linear superconvergent finite elements;

Quadratic finite elements;

Quadratic variational collocation method;

Quadratic superconvergent finite elements;

Cubic finite elements;

Cubic variational collocation method;

Cubic superconvergent finite elements;

Quartic variational collocation method;

Mixed-dual linear finite elements;

Mesh centered finite differences;

Mixed-dual linear superconvergent finite elements (edeigo PRIM 1 3);
Mixed-dual quadratic finite elements;

Quadratic nodal collocation method;

Mixed-dual quadratic superconvergent finite elementsij@ignt toPRIM 2 3);
Mixed-dual cubic finite elements;

Cubic nodal collocation method;

Mixed-dual cubic superconvergent finite elements (eqaivieioPRIM 3 3);

N WN R W N R WN R NN O W DN PN

Quartic nodal collocation method.
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3.5 TheSH : module

The self-shielding module in DRAGON, called SHIEA, is used to compute the energy dependent dilution
parameter (microscopic dilution cross section) assatiatth each resonant isotope, identified as such byrthe
parameter defined in SectibnB.2. Using this informatiothéin recomputes the self-shielded cross section for
these resonant isotopes (saved onmineroLIB) as well as updates the embeddesCroLIB. The general input
format for this module is presented in Tablé 36.

Table 36: StructuréSHI:)

MICLIB :=SHI: { MICLIB | OLDLIB } TRKNAM [ TRKFIL | :: (descshi)

Here

MICLIB character *12 name of themicrRoLIB that will contain the microscopic and macroscopic
cross sections updated by the self-shielding module.

OLDLIB character *12 name of a read-onlyicrRoLIB that is copied intoMICLIB . The library
OLDLIB is first copied toMICLIB before this library is updated.

TRKNAM character *12 name of therRACKING data structure associated with theOMETRY consid-
ered for self-shielding calculations.

TRKFIL character *12 name of the sequential binary tracking associated witiTRENAM TRACK-
ING data structure. This file is required and only if it was prostliby the tracking module that
generated RKNAM (see Sectioh 314).

(descshi) structure describing the self-shielding options.

Each time thé&sHI: module is called, thecroLIB data structure in such a way that the information provided
in the (descshi)input structure is saved. The next time this module is catleelse values will be extracted from
theMicroLIB and used as floating defaults.

3.5.1 Data input for modulsHI :

Table 37: Structurédescshi)

[ EDIT iprint

[ GRMINIgrmin] [ GRMAXgrmax]

[ MXIT imxit | [ EPSvaleps]

[{LI|NOLJ} | [{ GC|NOGG | [{ NOTR} |
[LEVElevel ] [PIJ ]

where
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EDIT
iprint
GRMIN

Igrmin

GRMAX

lgrmax

MXIT
imxit
EPS
valeps

LJ

NOLJ
GC

NOGC

NOTR

LEVE

level

P1J

keyword used to modify the print levérint.

index used to control the printing of this module. The amaifoutput produced by this tracking
module will vary substantially depending on the print lesjeécified.

keyword to specify the minimum group number consideredrdytie self-shielding process.

first group number considered during the self-shieldingess. By defaultigrmin is set to 1 for
all the libraries except for those in theIMSAEClandWIMSD4format where this information
is provided explicitly in the library.

keyword to specify the maximum group number considerechdithie self-shielding process.

last group number considered during the self-shieldinggss. By defaultigrmaxis set to the
group closest to 4.0 eV for all the libraries except for thos¢he WIMSAECLand WIMSDA4
format where this information is provided explicitly.

keyword to specify the maximum number of iterations usedhéngelf-shielding process.
the maximum number of iterations. The defaulirisxit=20.

keyword to specify the convergence criterion for the sklékling iteration.

the convergence criterion for the self-shielding iteratiBy default,valeps=1.0 x 1074,

keyword to activate the Livolant-Jeanpierre normalizagsoheme that modifies the self-shielded
averaged neutron flux in heterogeneous geometries. By ItigialLivolant-Jeanpierre normal-
ization scheme is not activated.

keyword to deactivate the Livolant-Jeanpierre normatimescheme. This is the default option.

keyword to activate the Goldstein-Cohen approximatioraises where Goldstein-Cohen param-
eters are stored on the microscopic cross section libramgsé@ parameters are not available if
the resonant isotopes are interpolated frold&T XSype library. This is the default option.

keyword to deactivate the Goldstein-Cohen approximati@mef Goldstein-Cohen parameters
are stored on the microscopic cross section library.

keyword to deactivate the transport correction option &if-shielding calculations (S€€TRA

in Section$ 311 anld 3.2).

keyword to specified the self-shielding correction optigvihen this option is not specified the
optionlevel=0 is selected.

the self-shielding correction option. The following vaduare allowed

level=1 the original Stamm’ler model model is used;

level=1 the original Stamm’ler model with Nordheim approximatise used:;

level=2 the Stamm’ler model with Nordheim approximation and Riemintegration is use®?!
keyword to specify the use of complete collision probaie#ifor theJPMT: tracking option. By

default, a fast reconstruction algorithm based on sparsexn@gebra is used for this tracking
option.
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3.6 The assembly modules

DRAGON contains two assembly modulésSM: andEXCELL:, that are used to prepare the group depen-
dent complete collision probability or the assembly masicequired by the flux solution module. TASM:
module first recovers tracking lengths and material numfvers the sequential tracking file and then computes
the collision probability matrices associated with thelpeon. TheEXCELL: module, which is programmed to
enhance the capability and performance of collision prditabalculations, can also be used to perform the work
of both theEXCELT: and theASM: modules for computing collision probabilities in 3—-D gedries. As a result,
EXCELL: module does not save the tracking lines to a file, but gerethagan when required by the CP integra-
tion process. A similar feature has been programmed iABM: module forNXT: based tracking. Thus, calling
ASM: with aNXT: TRACKING data structure but without the associated tracking fild,n@place all the access to
the tracking file with call to th&XT: tracking subroutines that will generate online the intégrelines required.

The input specifications for these modules are presenteakile$ 3B and 39.

Table 38: StructurASM:)

PIINAM := ASM: [ PIINAM ] LIBNAM TRKNAM [ TRKFIL |:: (descasm)

Table 39: Structur@EXCELL:)

PIINAM TRKNAM = EXCELL: GEONAM LIBNAM :: (desctrack) (descXL)

Here

PIINAM character *12 name ofAsmMPIJdata structure containing the system matrices.

LIBNAM character 12 name of thevACROLIB or MICROLIB data structure that contains the macro-
scopic cross sections (see Section$ 3.1 afd 3.2).

TRKNAM character 12 name of therRACKING data structure (see Sectionl3.4).

TRKFIL character =12 name of the sequential binary tracking file associated withTtRKNAM
TRACKING data structure. This file is required if it is produced by thecking module (see
SectiorL 3.4), the only exception being whelN4T: basedrRACKING data structure is available.

GEONAM character *12 name of theGEOMETRY data structure for thEXCELL: module (see Sec-
tion[3.3).

(descasm) structure containing the input data to this module (seei@H8(6.1).

(desctrack) structure containing the general tracking data toEX€ELL: module (see Sectidn 3.4.2).

(descXL) structure containing the input data for tBCELL: module (see Sectidn 3.6.2).
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3.6.1 Data input for modulaSM

63
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Table 40: Structurédescasm)

[ EDIT iprint

[ALLG]

[ { ARM NORZ |
{PIJ |PIJK } [SKIP | [[NORMALBS] [ NAMENMPIJ] |
[ PNOR{ NONE DIAG | GELB| HELI | NONL} |

EDIT

iprint

ARM

NOR2

P1J

PIIK

SKIP

NORM

ALBS

NAME

keyword used to modify the print levédrint.

index used to control the printing of this module. The amoambutput produced will vary
substantially depending on the print level specified.

keyword to specify that an assembly calculation is carrigidathout building the full collision
probability matrices. This option can only be used for a gewyntracked using théPMT:
module. By default, th®1J option is used.

keyword to specify that the matrix required for residuatoédtion is not required. This is active
only when theJPMT: tracking module is called. Only the variational accelenatiechnique in
moduleFLU: uses this information (see Sectlon]3.7).

keyword to specify that the standard collision probaleititmust be computed. This is the default
option.

keyword to specify that both the directional and standaitistan probabilities must be com-
puted. The additional directional collision probabilityatrix can only be used ifianisis set to
2 in Sectiof 3.4 antiETEis activated in Section 3.7. Finally, the PIJK option is oalailable
for 2-D geometries analyzed with the mod&¥CELT:.

keyword to specify that only the complete collision proliomatrix pgj is to be computed. In
general, the scattering modified collision probability mapg_’ij is also computed using:
-1
pg,ij = [I - pnggO_)g} ng
wherex?;"? is the within group isotropic scattering cross section. Wheailablepg,ij is used
in the flux solution module in such a way that for the groupsntieere is no up-scattering, the

thermal iteration is automatically deactivated. In theecatiere theSKIP option is activated,
thepgj matrix is used and thermal iterations are required in eveeygy group.

keyword to specify that the collision probability matrixts be normalized in such a way as to
eliminate all neutron loss (even if the region under consitien has external albedo boundary
conditions which should result in neutron loss). When usi awvoid boundary condition (zero
reentrant current), this option is equivalent to imposangpsteriori a uniform reentrant current.

keyword to specify that a consistent Selengut normaliratidhe collision probability matrix is
to be used both for the flux solution module (see Sefioh 3\d@)mthe equivalence calculation
(see Sectiof 319). This keyword results in storing the espapbabilitiesP;s in PIJNAM. For
all the cases where this option is used, it is necessary tnedafgeometry witthvOID external
boundary conditions (see Section]3.3).

keyword to specify that the complete collision probabilitatrices are to be computed even if
they are not required in the flux solution module (keywBld or SKIP absent) and sated on
PIINAM.
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NMPIJ
PNOR

NONE

DIAG

GELB

HELI

NONL

ALLG

character *12 name under which the complete collision probability ma&isiare saved.

keyword to specify that the collision, leakage and escapbalility matrices are to be normal-
ized in such a way as to satisfy explicitly the neutron covestgon laws. This option compensates
for the errors that arise due to the numerical evaluatioh@ptrobabilities that may result in non-
conservative collision probability matrices. The defaydtion normalization i$iELI ..

keyword to specify that the probability matrices are noteéaormalized for neutron conserva-
tion.

keyword to specify that only the diagonal element of the pinlity matrices will be modified in
order to insure the validity of the conservation laws.

keyword to specify that the Gelbard algorithm will be useddomalize the collision probability
matrices:

keyword to specify that the HELIOS algorithm will be used toymalize the collision probability
matricegZ¥

keyword to specify that a non linear multiplicative algbrit will be used to normalize the colli-
sion probability matrice 9

keyword to specify that the contribution of a tracking lingtie multigroup collision probabilities
will be processed before the next tracking line is analyZ&kis means that for a multigroup
problem the tracking file is read once. The default optiowigenerate the collision probability
matrices group by group implying multiple readings of trecking file. The major drawback of
using theALLG keyword is that the space requirement for the probledv is N x G fora N
regionG groups problem while only & x N array is required when this option is not activated.

3.6.2 Data input for moduleXCELL:

Table 41: StructurédescXL)

[ EDIT iprint

TRAK[ SUBGnsubg]

[ PNOR{ NONE DIAG | GELB| HELI | NONL} |
[ [NORNMIALBS] [ SKIP ]

TISO nangl deng CORNocorn] [ SYMMsymm]

EDIT
iprint
NORM
ALBS
SKIP
PNOR

see Sectioh 3.6.1.
see Sectioh 3.6.1.
see Sectioh 3.6.1.
see Sectioh 3.6.1.
see Sectioh 3.6.1.
see Sectioh 3.6.1.
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NONE
DIAG
GELB
HELI
NONL
TRAK
SUBG

nsubg

TISO
nangl
dens
CORN
pcorn
SYMM

isymm

see Sectioh 3.6.1.
see Sectioh 3.6.1.
see Sectioh 3.6.1.
see Sectioh 3.6.1.
see Sectioh 3.6.1.
see Sectioh 3.4.2.
keyword to specify the number of groups in each subgroupdiison probability calculations.

number of groups in each subgroup in collision probabil@jcalations. The default value is
the total number of groups contained in thi8NAM object. However, in applications needing
a large amount of memory to store group=dependent colligiobability, this number can be

smaller (the minimal value is 1). In all cases, the trackiteyifi rebuilt for every subgroup, and
the collision probability matrices are computed by blocknstibggroups until all groups are

processed.

see Sectioh 3.4.2.
see Sectioh 3.4.2.
see Sectioh 3.4.2.
see Sectioh 3.4.2.
see Sectioh 3.4.2.
see Sectioh 3.4.2.
see Sectioh 3.4.2.

3.7 TheFLU: module

The FLU: module is used to solve the linear system of multigroup siolli probability or response matrix
equations in DRAGON. The input specifications for this medare presented in Talilel42.

Table 42: Structuré-LU:)

FLUNAM :=FLU: [ FLUNAM | PIINAM LIBNAM TRKNAM :: (descflu)

Here
FLUNAM

PIINAM

LIBNAM

character *12 name of theFLUXUNK data structure containing the solution. AHEUNAM
appears on the RHS, the solution previously storeBlLitUNAM can be used to initialize the
iterative solution process.

character *12 name of theasmpP1J data structure containing the group dependent system
matrices (see Sectign 3.6).

character *12 name of theMACROLIB or MICROLIB data structure that contains the macro-
scopic cross sections (see Sections 3.1 arfd 3.2).



IGE-174 Rev. 13 (Release 3.060) 67

TRKNAM
(descflu)

character 12 name of therRACKING data structure (see Sectionl3.4).

structure containing the input data to this module (seei@dH8t7.1).

3.7.1 Data input for moduleLU:

Table 43: Structurédescflu)

[ EDIT iprint )

[INIT { OFF| ON((fluxedi, g), i=1,nregio), g=1,ngroup) } |
[ { FLX | PAF| AF }]

TYPE{ N| S| K] (descleak)] | { B| L } (descleak)} |

[ THER[ maxthr] | epsthr] |

[ EXTE[ maxout] [ epsout ]
[ UNKT][ epsunk] |

[ REBA| OFF] |

[ ACCEnlibre naccel

[

EGPAepsgpd | CGPAcongpa [ DECCO{ ON| OFF} |

Here

EDIT

iprint

INIT
OFF
ON
fluxes
FLX
PAF
AF

TYPE

keyword used to modify the print levérint.

index used to control the printing of this module. The amaafnbutput produced will vary
substantially depending on the print level specified.

keyword to specify the neutron flux initialization optioreaks

keyword to specify that the initial neutron flux distributics not to be initialized.
keyword to specify that the initial neutron flux distributifollows.

array of average flux per region and per group.

keyword to specify that a flux solution is to be consideredsThthe default option.
keyword to specify that a pseudo-adjoint flux solution is éccbnsideredd

keyword to specify that a pseudo-adjoint flux solution is ®odmnsidered and that both the
pseudo-adjoint and adjoint flux are to be saved orrthexuUNK data structure.

keyword to specify the type of flux or adjoint calculationd®performed.

keyword to specify that no flux calculation is to be performe&tiis option is usually activated
when one simply wishes to initialize the neutron flux disitibn and to store this information in
FLUNAM (seeONparameter above).

keyword to specify that a fixed source problem is to be trea$eath problem can also include
fission source contributions.
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K

(descleak)
THER

maxthr

epsthr
EXTE

maxout

epsout
UNKT

epsunk

REBA

OFF

ACCE

nlibre

naccel

EGPA

epsgps

keyword to specify that a fission source eigenvalue probeto be treated. The eigenvalue is
then the effective multiplication factor with a fixed bugidi. In this case, the fixed source, if any
is present on th®ACROLIB or MICROLIB data structure, is not used.

keyword to specify that a fission source eigenvalue probkemo be treated. The eigenvalue
in this case is the critical buckling with a fixed effective ltiplication factor. The buckling
eigenvalue has meaning only in the case of a cell withoutdgek (see the structufgescBC)

in Sectio 3.313). It is also possible to use an open geométhyVOID boundary conditions
provided it is closed by thASM: module (see Sectidn 3.6.1) using the keywN@RNr ALSB.

keyword to specify that an eigenvalue problem for a non mlidtative medium is to be treated.
The eigenvalue in this case is the critical buckling. Thekting eigenvalue has meaning only
in the case of a cell without leakages (see the strudarecBC)in Section 3.31). It is also
possible to use an open geometry WwitID boundary conditions provided it is closed by the
ASM: module (see Sectidn 3.6.1) using the keywdd@RNor ALSB.

structure describing the general leakage parametersspisee Sectidn 3.7.2).
keyword to specify that the control parameters for the ttaditarations are to be modified.

maximum number of thermal iterations. The fixed default gai2x ngroup 1 (using scattering
modified CP) or 4 ngroup1 (using standard CP).

convergence criterion for the thermal iterations. The fistethult value i$.0 x 107°.
keyword to specify that the control parameters for the exkiteration are to be modified.

maximum number of external iterations. The fixed defauligdbr a case with no leakage model
is2 x ny — 1 whereny is the number of regions containing fuel. The fixed defauliedor a
case with a leakage modeli8 x ny — 1.

convergence criterion for the external iterations. Thedfistefault value i$.0 x 10~°.
keyword to specify that the flux/current error tolerancehia outer iteration.

convergence criterion for flux/current in the outer itevati The fixed default value igp-
sunk=epsthr

keyword used to specify that the flux rebalancing option isg¢durned on or off in the thermal
iteration. By default (floating default) the flux rebalangioption is initially activated. This
keyword is required to toggle between the on and off posititthe flux rebalancing option.

keyword used to deactivate the flux rebalancing option. Wthenkeyword is absent the flux
rebalancing option is reactivated.

keyword used to modify the variational acceleration partense This option is active by default
(floating default) withnlibre=3 free iterations followed byaccet3 accelerated iterations.

number of free iterations per cycle ofibre+nacceliterations.

number of accelerated iterations per cyclentibre+nacceliterations. Variational acceleration
may be deactivated by usintacce£0. This is required when thEOR2is used in theASM:
module (see Sectidn 3.6.1).

keyword to specify that the control parameters for the galized adjoint flux iteration are to be
modified.

relative convergence criterion for the adjoint flux. Thel@ipconvergence criteria for the gen-
eralized adjoint will be given bepsgps epsunk By default,epsgps10.
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CGPA
congpa
DECO
OFF
ON

keyword to specify the contamination factor for the gerieea adjoint.
contamination factor for the adjoint flux. By defautgngpa100.
keyword to activate or deactivate the decontaminatioroopti
keyword used to deactivate the decontamination option.

keyword used to activate the decontamination option.

3.7.2 Leakage model specification structure

The(descleak)structure is described in Talilel44.

Table 44: Structurédescleak)

{LKRD| PO |P1|B0|B1|B0TR}

{ SIGS | PNL|ALBS|HETE[{G|R|Z|X|Y}]}

[{ BUCK{ valb2| [ Gvalb2] [Rvalbr2] [ Z valbz2] [ X valbx2] [ Y valby2] } |
KEFFvalk | IDEM[{ B2 |DB2}]}]

LKRD

PO
P1
BO

Bl
BOTR

SIGS

PNL

ALBS

keyword used to specify that the leakage coefficients a@vezred from the data structuFé U-
NAM .

keyword used to specify that the leakage coefficients aitzbd using &, model.
keyword used to specify that the leakage coefficients aitzbd using & model.

keyword used to specify that the leakage coefficients amutzbd using &, model. This is
the default value when a buckling calculation is perfornigd (

keyword used to specify that the leakage coefficients aitzbd using &, model.

keyword used to specify that the leakage coefficients acaitzkd using &, model with trans-
port correction.

keyword used to specify that an homogeneous buckling ciioreis to be applied on the diffu-
sion cross sectior®], — dB?).

keyword used to specify that the elements of the collisimbpbility (SKIP) or the scattering
modified collision probability matrices are multiplied hetadequate non leakage homogeneous
buckling dependent factoF&!. This is the default option when a leakadp} ¢r a fission source
eigenvalue problenK) calculation is performed with imposed buckling.

keyword used to specify that an homogeneous buckling dariton is introduced by a group
dependent correction of the albef.It is then necessary to define the geometry with an external
boundary condition of typ&OID (see Sectiof 3.3.3) and to close the region in mo&8M:
using theALBS option (see Sectidn 3.6.1).
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HETE

BUCK

valb2

valbr2

valbz2

valbx2

valby2

KEFF

valk

keyword used to specify that the leakage and anisotropécesfivill be taken into account using
a consisten®, @ or B, 475 model. The heterogeneous buckling contribution is intomdl
in the B,, model using the PIJK method. It is activated onhAIS 2 is specified in module
EXCELT: (see Sectioh 3.4.2) and the optiBRIK is used in modul&SM: (see Sectioh 3.6.1).
Otherwise, a consisteit, model is used.

keyword used to specify that the buckling search assuméshidalirectional bucklings are all
identical (floating default option).

keyword used to specify that a radial buckling search is icemed assuming an imposefl
direction buckling.

keyword used to specify that 4 direction buckling search will be considered with imposed
buckling in theX andY directions.

keyword used to specify that & direction buckling search will be considered with imposed
buckling in theY” andZ directions. with imposed” andZ direction bucklings.

keyword used to specify that ¥ direction buckling search will be considered with imposed
buckling in theX andZ directions.

keyword used to specify the initial (for a buckling eigemaproblem) or fixed (for a effective
multiplication constant eigenvalue problem) buckling.

keyword used to specify that the bucklings in tie Y andZ directions are to be initialized to
valb2/3 (floating default).

keyword used to specify that the buckling in theand Y directions are to be initialized to
valbr2/2.

keyword used to specify that the buckling in tHalirection is to be initialized tovalbz2
keyword used to specify that the buckling in tRedirection is to be initialized tovalbx2.
keyword used to specify that the buckling in tHedirection is to be initialized tovalby2.

value of the fixed or initial total buckling inm—2. The floating default value is

valb2 = valbx2 + valby2 + valbz2

value of the fixed or initial radial buckling iam—2. The floating default value is

valbr2 = valbx2 + valby2

value of the fixed or initiaZ direction buckling incm 2. By defaultvalbz2=0.0cm 2. If valb2
is specified thewalbz2=valb2/3.

value of the fixed or initial{ direction buckling incm 2. By defaultvalbx2=0.0cm 2. If valb2
is specified thewalbx2=valb2/3. If valbr2is specified thewalbx2=valbr2/2.

value of the fixed or initial” direction buckling irrm—2. By defaultvalby2=0.0cm 2. If valb2
is specified thewalby2=valb2/3. If valbr2is specified thewalby2=valbr2/2.

keyword used to specify the fixed (for a buckling eigenvalugbfem) effective multiplication
constant.

value of the fixed effective multiplication constant. Theefiddefault value isalk=1.0.
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IDEM

B2

DB2

keyword used to specify that the initial (for a buckling eigalue problem) or fixed (for a ef-
fective multiplication constant eigenvalue problem) legé is to be read from the data structure
FLUNAM .

keyword used to specify that only the buckling is to be readfthe data structurELUNAM .
This is the default value.

keyword used to specify that the initial buckling and difuscoefficients are to be read from
the data structureELUNAM .

3.8 TheMOCC: and MCU. modules

The MOCC:andMCU: modules can be used respectively to solve the transportiequesing the method of
cyclic characteristics.

In the case of thlOCC module, specular boundary conditions in 2-D geometries@msidered (cyclic track-
ing required)?223] The MCU: module can be used for 3-D geometries with isotropic boundanditions24:2€]
The calling specifications are presented in Tablés 4% and 46.

Table 45: Structuré@OCC:)

FLUNAM := MOCC: [ FLUNAM | LIBNAM TRKNAM TRKFIL :: (descmoc)

Table 46: Structuré@MCU:)

{ FLUNAM TRKNAM :=MCU: [ FLUNAM | GEONAM LIBNAM TRKFIL :: (descmcu) (desctrak)
| FLUNAM = MCU: | FLUNAM | TRKNAM TRKFIL LIBNAM :: (descmcu)}

FLUNAM

LIBNAM

TRKNAM

TRKFIL

GEONAM

(descmoc)
(descmcu)

(descexcel)

character =12 name of therLUXUNK data structure containing the solution. HEUNAM
appears on the RHS, the solution previously storgelit/NAM is used to initialize the iterative
process.

character *12 name of theMACROLIB or MICROLIB data structure that contains the macro-
scopic cross sections (see Section$ 3.1afd 3.2).

character *12 name of the'lRACKING data structure containing the tracking (see Se€fidn 3.4).

character =12 name of the sequential binary tracking file associated withTtRKNAM
TRACKING data structure. This file is required if it is produced by thecking module (see
Sectiori 3.4), the only exception being whel4T: basedrRACKING data structure is available.

character *12 name ofGEOMETRY data structure that contains a physical description of the
problem to be solved.

structure containing the input data for tiE®dCC:module (see Sectidn 3.8.1).
structure containing the input data for thiCU: module (see Sectidn 3.8.2).

structure containing the input data for tracking the geoynsee Sectioh 3.4.2).
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3.8.1 Data input for moduleOCC:

Table 47: Structurédescmoc)

72

[ EDIT iprint

[ EXAC]

[ NBPNn/ |

TYPE{ N| S| K[ (descleak)| | B [ (descleak)] }
[ DFLX{ ON| OFF} ]

[ AJCB{ ON| OFF} ]
[ADJ{ SAJO | SAJ1 }]

[ ANGL]

[ THER[ maxthr] | epsthr] |
[ EXTE[ maxout] [ epsout ]
[ UNKT][ epsunk] |

[NOBA

[ ACCEnlibre naccel

EDIT keyword used to modify the print levédrint.

iprint index used to control the printing of this module. The amoambutput produced will vary

substantially depending on the print level specified.

EXAC keyword used to specify that exact exponential functioestaribe used for neutron path atten-
uation. By default, approximate values for the exponefftiattion derived from second order

local polynomials are considered.

NBPN keyword used to specify the expansion order in Legendrenpalyal for the flux used in the
calculation.

nl the expansion order in Legendre polynomial for the flux usdtié calculation. By default/=0.
TYPE see Sectioh 3.7.1.

N see Sectioh 3.7.1.

S see Sectioh 3.7.1.

K see Sectioh 3.7.1.

B see Sectioh 3.7.1.

(descleak) see Sectioh 3.7.2.

DFLX to activate or deactivate the flux calculator. By def@mi_Xis ON
AJCB to activate or deactivate the adjoint calculator. By ddfAdlCBis OFF,
ON to turn theDFLXor AJCBoptionON

OFF to turn theDFLXor AJCBoptionOFF.
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ADJ
SAJO
SAJ1
ANGL
THER
maxthr
epsthr
EXTE
maxout
epsout
UNKT
epsunk

NOBA

ACCE
nlibre

naccel

to select the adjoint calculation option.

similar to TYPE K(eigenvalue calculation without external fixed source).
similar to TYPE S(external fixed source are taken into account).
to save the angular fluxes and adjoint on #theXUNK data structure.
see Section 3.7.1.

see Section 3.7.1.

see Sectioh 3.7.1.

see Sectioh 3.7.1.

see Sectioh 3.7.1.

see Sectioh 3.7.1.

see Sectioh 3.7.1.

see Sectioh 3.7.1.

keyword used to specify that the flux rebalancing option isg¢durned off in the thermal itera-
tion. By default the flux rebalancing option is activated.

see Section 3.7.1.
see Section 3.7.1.
see Section 3.7.1.

3.8.2 Data input for moduleCU:

Table 48: Structurédescmcu)

[ EDIT iprint |

[
[NOBA
[

TYPE{ N| S| K| (descleak)| | B [ (descleak)] }
[ THER[ maxthr] [ epsthr] |
EXTE[ maxout] [ epsout |

ACCEnlibre naccel [ SCRmaxscr] [ ETABON OFF] [ ITLM |

EDIT

iprint

TYPE

keyword used to modify the print levédrint.

index used to control the printing of this module. The amoambutput produced will vary
substantially depending on the print level specified.

see Section 3.7.1.
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N see Sectioh 3.7.1.

S see Sectioh 3.7.1.

K see Sectioh 3.7.1.

B see Sectioh 3.7.1.

(descleak) see Sectioh 3.7.2.

THER see Sectioh 3.7.1.

maxthr see Sectioh 3.7.1.

epsthr see Sectioh 3.7.1.

EXTE see Sectioh 3.7.1.

maxout see Sectioh 3.7.1.

epsout see Sectioh 3.7.1.

NOBA see Sectioh 3.8.1.

ACCE see Sectioh 3.7.1.

nlibre see Sectioh 3.7.1.

naccel see Sectioh 3.7.1.

SCR keyword used to modify the number of iterations in the selfision rebalancing procedure.
maxscr the number of iterations in the self-collision rebalangingcedure. The default valuensaxsceb.
ETAB keyword to specify the option for using exponential tables.

ON to specify that the exponential tables will be used.

OFF to specify that the exponential tables will not be used.

ITLM keyword to specify that the effective number of thermaldtEmsm at outer iteratiom is m =

min(n, maxthr) wheremaxthris the maximum number of thermal iterations.

3.9 TheEDI : module

The EDI: module performs the main editing calculations in DRAGONcdh compute reaction rates, aver-
age and condensed cross sections and fluxes. It can alsdstbrenacroscopic and microscopic cross sections
respectively in the form of & ACROLIB or aMACROLIB on aneDITION data structure for further use. The input
specifications for this module are presented in Table 49.

Table 49: StructuréeDI:)

EDINAM = EDI: [ EDINAM | FLUNAM LIBNAM TRKNAM [ REFGEO REFPIJ { SPHGEO| SPH-
TRK SPHLINE}]]:: (descedi)
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EDINAM
FLUNAM

LIBNAM

TRKNAM
REFGEO

REFPIJ

SPHGEO

SPHTRK

SPHLINE
(descedi)

character *12 name of theeDITION data structure where the editing results will be stored.

character *12 name of theefLUXUNK data structure containing a transport solution (see Sec-

tion[3.7).

character *12 name of theMACROLIB or MICROLIB data structure that contains the macro-
scopic or microscopic cross sections (see Secfions 3.1.2hd 3

character *12 name of the'RACKING data structure containing the tracking (see Seéfidn 3.4).

character *12 name of theGEOMETRY data structure that was used for the original flux
calculation (see Sectidn 3.3). Required for SPH factorsudation.

character *12 name of theasmpiJ data structure that was used for the original flux calcula-
tion (see Section 3.6). Required for SPH factors calcufatio

character *12 name of the equivaleneceeOMETRY data structure to be used for SPH factors
calculation. By default, the original transp@EOMETRY is used. In some cases, the module
EDI: can also automatically build a equivaleneGEOMETRY based on the original geometry.
However, it is always preferable to specify explicitly trepué/alencesEOMETRY Or TRACKING
data structure to be considered in such calculations.

character *12 name of the equivalenc®RACKING data structure to be used for SPH factors
calculation. By default, the original transparRACKING is used. It is always preferable to
specify explicitly the equivalenceEOMETRY or TRACKING data structure to be considered in
such calculations.

character *12 name of the tracking file associated with tBEHTRK data structure.

structure containing the input data to this module (seei@#6t9.1).

3.9.1 Data input for moduleDl :

Table 50: Structurédescedi)

EDIT iprint

UPS]

FLIB [ISOT | { ALL | NONE} |
ACTI [ISOT | { NONE (imixa(i),i = 1, N,,) | }

P1SCAT{ FLUX| CURRENTCOHERENTDIRECTION } |

MERG COMR GEQ HMIX| CELL|
REGI (ireg(i),i =1, N,) |
MIX (imixt (i), = 1, N,,) |
NONE |

[ TAKE{ REGI (ireg(i),i = 1, N,.) |
MIX (imixt (i), i = 1, Ny,) } ]

{ POW| P1W} |

[

[ COND{ NONE ({ icond(g) | energ)g) }, g = 1,Ng) ] }
[MICR[ISOT | { ALL | NONE nis (HISO(i), i=1,nis) |
[
[

continued on next page
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Structure(descedi) continued from last page

SAVE|[ ON{ DIRN | idirn } ] ]

[

[ PERT]

[ STAT{ ALL | RATE| FLUX| DELS} [ REFE{ DIRO | idiro }] |
[ NBAL]

[ SPH(descsph)|

EDIT keyword used to modify the print levédrint.

iprint index used to control the printing of this module. Tipant parameter is important for adjusting
the amount of data that is printed by this calculation step:
iprint=0 means no output;
iprint> 1 the average and integrated flux are printed (floating dgfault
iprint> 2 the reaction rates are printed;
iprint> 3 the condensed and homogenized vector cross sections aredri
iprint> 4 the condensed and homogenized scattering cross sect®psraed.

P1SCAT keyword to specify the type of homogenization to be congiddor the anisotropic component
of the scattering cross section.

FLUX keyword to specify the flux/volume homogenization for thésatropic component of the scat-
tering cross section. This is the default option used whelealkage model is considered.

CURRENT keyword to specify the current/volume homogenization far &nisotropic component of the
scattering cross section. This is the default option useshveém homogeneous leakage model is
considered.

COHERENT  keyword to specify a coherent directional averaged cutvelitme homogenization for the aniso-
tropic component of the scattering cross sectén.

DIRECTION  keyword to specify a coherent directional current/voluneenbgenization for the anisotropic
component of the scattering cross section. This is the ttefption used when an heterogeneous
leakage model is consider&d.

UPS keyword to specify that the reaction rates and the condesnsgbr homogenized cross sections
are corrected so as to eliminate up-scattering. This opgiarseful for reactor analysis codes
that cannot take into account such cross sections.

NONE keyword to deactivate the effect of previous use of a preggkieyword.

MERG keyword to specify that the neutron flux to be edited will befogenized over a various number
of regions.

TAKE keyword to specify that the neutron flux is to be edited ovecdped regions or mixtures.

COMP keyword to specify that a complete homogenization is to fd&ee.

GEO keyword to specify that the homogenization region will blesed by comparing a calculation

geometry with an homogenization geometry. Only a reducedl@an of EXCELT: geometries
can now be processed using this option.
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HMIX

CELL

REGI

MIX

ireg

imixt

POW

P1W

COND

icond

energy

MICR

keyword to specify that the homogenization region will beested using the information pro-
vided by theHMIX option in theGEO: module (see Sectidn 3.3.5). In this case, all the regions
associated with a virtual homogenization mixture will berfugenized. If the virtual homoge-
nization mixtures were not defined in the geometry, the réalures are used instead (seéX
keyword in Sectiol 3.315). This option is valid only fNXT: basedrRACKING data structure
(this option uses the information stored on the referencKk NRM data structure).

keyword to specify that one homogenization region will beoagated with each cell in an as-
sembly geometry. Only geometries analyzed using\K@&: tracking module can be processed
using this option (this option uses the information storedte reference TRKNAM data struc-
ture). In the case where the geometry is not built with@#&e L option (see Sectidn 3.3.5), this
option is identical to th€OMPption as if the assembly was composed of a single cell. Hemog
enization region identification is printed on the outputditea 3-D Cartesian grid that takes into
account the internal symmetries of the geometries.

keyword to specify that the homogenization of the neutror flill take place over specific
regions. HereN,. <maxregwith maxregthe maximum number of regions for which a transport
solution was obtained.

keyword to specify that the homogenization of the neutror flill take place over specific
physical mixtures. Herey,, <maxmixwith maxmixthe maximum number of mixtures in the
macroscopic cross section library.

array of homogenized mixtures numbers to which are assatihe regions used for the flux
calculation MERGption) or array of regions where the editing will take pldTAKE option).
A value ofiregm=0 means that the corresponding region is not considerdé@inhdmogenization
process.

array of homogenized mixture numbers to which are assatihie physical mixturesMERG
option) or array of mixture numbers where the homogenipatidl take place TAGEoption).
A value of imixm=0 means that the corresponding physical mixture is notidensd in the
homogenization process. For library mixtures not used engbometryjmixm=0 should be
used.

keyword to specify that th&; information is to be homogenized and condensed using tharsca
flux. This is the default option.

keyword to specify that th&; information is to be homogenized and condensed using ardurre
recovered from a consistef} or from a consistent heterogenedgismodel.

keyword to specify that a group condensation of the flux isa@érformed.

array of increasing energy group limits that will be asstdavith each of theV, condensed
groups. The final value atond will automatically be set taigroupwhile lcond>ngroupW|II
be dropped from the condensation. We must hslye<ngroup

array of decreasing energy limits (in eV) that will be asatex with each of thév, condensed
groups. We must hav®, <ngroup+1 Note that if an energy limit is located between two en-
ergy groups, the condensatlon group will include this aissed energy group. In the case where
two energy limits fall within the same energy group the lotnersergy will be dropped. Finally
the maximum and minimum energy limits can be skipped sineg will be taken automatically
from the information available in the library.

keyword to specify that the condensation and homogenizatiocedure will be used to associate
microscopic cross sections to the isotopes present in tmgenized regions. The macroscopic
cross sections and the diffusion coefficients are weighyatidmultigroup flux appearing in the
regions where the isotopes are present.
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FLIB

ALL
nis
HISO
ACTI

imixa

ISOT

SAVE

ON
DIRN

idirn

PERT

STAT

ALL

RATE
FLUX
DELS

keyword similar toMICR except that the burnup chain are also savedE&MNAM when the
SAVEkeyword is present. In addition one fission spectrum petdigsitope is generated rather
than the unique fission spectrum for all fissile isotopes ggad wherMICRis used. The use
of this keyword is required if burnup using the condensed lamohogenized library is to be
considered since in this case the HH®INAM contains aviICROLIB.

keyword to specify that all the isotopes present in the nebwICROLIB are to be processed.
number of isotopes present in the origimatROLIB to be processed.
array ofcharacter 8 isotope names to be processed.

keyword to specify that microscopic activation data willdzited for the isotopes associated with
the specified mixture. This information correspond to thernscopic cross section associated
with each isotope in a given macro group and macro regiomassgua concentration for this
isotope of 1.&cm 3 in each region. This keyword is followed Imacti material mixture indices,
wherenacti< maxmix.

array of material mixture indices which contains the ise®for which activation data is to be
generatedrfmix<maxmix). Even mixtures not used in the geometry can be considemed he

keyword to specify that the set of microscopic cross sediemerated by thELIB , MICRand
ACTI command must be saved on a multigroup microscopic neutrassgection library in
the ISOTXS-IV format. This will generate a file for each finailiare specified by th@ AKE
or MERGkeyword, numbered consecutivelfF[LE ). The name of the fileNISOTXS) is built
using the command

WRITE(NISOTXS, (A6,16.6)") "ISOTXS’,IFILE

keyword to specify that the flux, the macroscopic and miasparcross sections and the volumes
corresponding to homogenized regions are to be sav&lDdNAM . In the case where tHe_IB

or MACRoptions are activated, the information is saved in the foflmmicrROLIB. Otherwise,
aMACROLIB is created on a subdirectory BDINAM .

keyword to specify on which directory &DINAM this information is to be stored.
character 12 name of the directory on which the above information is totbeesl.

number associated with a directory®DINAM on which the above information is to be stored.
To each numbeidirn is associated a directory nar@®IRNdefined as

WRITE(CDIRN, (A8,14))) 'REF-CASE',idim

keyword to specify that first order perturbations for theno$copic cross sections are to be saved
on EDINAM .

keyword to specify that a comparison between the curreniarederence set of reaction rates
and/or integrated flux is to be performed.

keyword to specify that the relative differences in the tieacrates and the integrated flux are to
be printed.

keyword to specify that the relative differences in the tieacrates are to be printed.
keyword to specify that the relative differences in the gnéged flux are to be printed.

keyword to specify that the absolute differences in the wsopic cross section are to be
printed.
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idiro

NBAL

SPH
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13 (Release 3.060) 79

keyword to specify the directory @DINAM where the reference data requires for the compar-
ison is stored. When this keyword is absent, the last remactites and integrated flux saved on
EDINAM are used.

character *12 name of the directory from which the reference informatmtaken.

number associated with an directory@DINAM on which the reference information is stored.
To each numbeidirn is associated a the directoBDIRNdefined using:

WRITE(CDIRN,’(A8,14)") 'REF-CASE',idirn

keyword to specify the editing of the four factors computeahf a group balance. In this case,
the user must specify explicitly a three group condensation

keyword to specify that an equivalence calculation, betwibe transport geometry and an ho-
mogenization geometry, is to be performed using the SPHigak. The resulting SPH factors
are automatically used for the flux and the microscopic ancrasgopic cross sections homog-
enization and condensation.

structure used to specify the information required for tRéiSalculations (see Sectibn 319.2).

3.9.2 Description of the equivalence information

This struct
homogenized

ure is used to specify the type of equivalenceutation where the flux and the condensed and/or
cross sections are corrected by SPH factascina way as to respect a specified transport-transport

or transport-diffusion equivalence critefi&7278 The input specifications for this structure are presentethin

ble[5].

Table 51: Structurédescsph)

{ OFF| MTR

[ SELE] [ MGEQWACGEO |

:: EXCELT: (desctrack) (descexcel)
i NXT:  (desctrack) (descnxt)|

2 SYBILT:  (desctrack) (descsybil)

22 JPMT:  (desctrack) (descjpm))

:: BIVACT:  (desctrack) (descbivac)

K SPRDSPHNAM | HOMQALBS|

SELE

MGEO

MACGEO

keyword to specify the use of Selengut normalization. Ircaes where this option is used it
is necessary to define the geometry wWitbID external boundary conditions (see Secfion 3.3.3)
and to close the region for the collision probability caltidns using théALBS option (see

Sectior 3.611).

keyword to specify the macro geometry to be used. In somdamases where 2—D Cartesian
assemblies are considered, a macro geometry n&RE$SGE@an be automatically constructed
by homogenizing the sub-geometries in a geometry. Howéwemost problems this is not the
case and the macro geometry should be specified explicitly.

character *12 name of the macro geometry to use. This name should be idétdiSPH-
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MTRK

OFF

SPRD

SPHNAM
HOMO

ALBS

EXCELT:

NXT:

SYBILT:

JPMT:

BIVACT:

(desctrack)
(descexcel)
(descnxt)
(descsyhil)
(descjpm)

(descbivac)

GEOQ.

keyword to specify that the macmRACKING SPHTRK and tracking fileSPHLINE provided
will be used for homogenization.

keyword to specify the SPH factors are all set to 1.0, meangorrection. This is the floating
default. This keyword is useful to get rid of a SPH correctidrich have been set by a previous
SPH calculation.

keyword to specify the SPH factors are read=IDINAM .
name of the directory from which the SPH factors are to be.read

keyword to specify that the SPH factors are calculated agsguthe macro geometry is equiv-
alent to a complete homogenization of the current micro ggom The optionsERG COMP
must then be specified. In this case the neutron flux (trabgpatiffusion) will be uniform,
which allows the SPH factors to be obtained (one per macromrosing a direct strategy. For

a given macro group, the SPH factor will be equal to the ratithe average flux in the region

to the surface flux if th&sELE option is used. Otherwise, the SPH factor are all set equal to
1.0 (no correction). Th&ELE option prodices SPH factors that are equal to the inverskeof t
discontinuity factors.

keyword to specify that the albedo of the geometry are to kentanto account in the com-
plete homogenization process. Thus MERGind COMPptions must be specified. The SPH
factors are obtained using a transport-transport equigalbased on a calculation using the col-
lision probabilities. This option requires a geometry WithID (see Sectioh 3.3.3) external
boundary conditions to be closed usiAgBSin modulesASM: andFLU: (see Sectiorls 3.8.1

and3.7.172

keyword to specify that the SPH factors are obtained usinguasport-transport equivalence
calculation where the macro geometry is processed usingXI@ELT: tracking module.

keyword to specify that the SPH factors are obtained usinguasport-transport equivalence
calculation where the macro geometry is processed usingXie tracking module.

keyword to specify that the SPH factors are obtained usinguasport-transport equivalence
calculation where the macro geometry is processed usin@YBLT: tracking module.

keyword to specify that the SPH factors are obtained usinguasport-transport equivalence
calculation where the macro geometry is processed usindRNE: tracking module.

keyword to specify that the SPH factors are obtained usingreport-diffusion equivalence cal-
culation where the macro geometry is processed usinBiMACT: diffusion tracking module.
This option requires to use one of the keywotd&RD PO, P1, BO, B1 or BOTR in the flux
calculation (see Sectidn 3.7.1) so as to supply diffusieffaents.

structure of the general tracking options (see Se€iiod]B.4.
structure of th&eXCELT: tracking options (see Sectibn 3.4.2).
structure of theNXT: tracking options (see Sectibn 34.3).
structure of theSYBILT: tracking options (see Sectibn 3.4.4).
structure of thedPMT: tracking options (see Sectibn 3.4.5).
structure of theBIVACT: tracking options (see Sectibn 3.4.6).
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3.10 TheEVO. module

The EVO: module is used for in-core (i.e., burnup) or out-of-cord@agic depletion calculations. Both the

isotopic densities and the macroscopic cross sectiongmir@s themiCrROLIB are updated at the end of each
calculations. The general format of the data which is usembturol the execution of this module is presented in

Table[52.

Table 52: Structur€EVO:)

BRNNAM MICNAM = EVO: [ BRNNAM | { MICNAM | OLDMIC } TRKNAM [ FLUNAM ] :
(descevo)

where

BRNNAM character *12 name of theBURNUP data structure that will contain the depletion history.

MICNAM character *12 name of themicrRoLIB that will contain the update macroscopic cross sec-
tions. If MICNAM appears on both LHS and RHS, it is updated; otherwise, theooopic
cross section librar@LDMIC is copied inMICNAM and then updated.

OLDMIC character *12 name of a read-onlyiicROLIB that is copied ilMICNAM .

TRKNAM character *12 name of a read-onlyRACKING for the depleting geometry. This information
is required both for in-core and out-of-core depletion sase

FLUNAM character *12 name of a read-onlyLUXUNK. This information is used only for in-core
depletion cases.

(descevo) structure containing the input data to this module (seei®@€8{10.1).

3.10.1 Data input for moduleVvo

Table 53: Structuréevo)

[ EDIT iprint |

[{ SAVExts { S| DAY| YEAR} [ { FLUX flux | POWRower| W/CCwcc } | | NOSA} |
[EPS1lvalepsl) [ EPS2valeps2] [ EXPMvalexp] [H1 valhl]

[ { SATOFF| NSAT| SAT} | [{ NODI| DIRA } ]

[{ TIXS | TDXS| NOEX} ]

[{ GLOB| NOGL} ]

[EXTR]

[ { RUNG KAPS} ]

[ MIXP (imixp(i),i =1, N,) |

[ MIXB (imixb(i),i = 1, Ny,) |

[ DEPL{ xti xtf | dxt } { S| DAY| YEAR} [ { COOU FLUX flux | POWRower| W/CCwcc } | |
[ SETxtr { S| DAY| YEAR} |
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EDIT

iprint

SAVE

NOSA

SET

MIXB

imixb

MIXP

imixp

DEPL

xti

dxt

xtf

Xts

keyword used to modify the print levérint.

index used to control the printing of the module. The amotfioudput produced by this tracking
module will vary substantially depending on the print lesjeécified.

keyword to specify that the results of the last transpoituation and the current isotopic con-
centration must be stored @RNNAM on a sub-directory corresponding to a specific time. By
default this data is stored at a time correspondingfto

keyword to specify that the results of the last transportudation and the current isotopic con-
centration will not be stored oBBRNNAM.

keyword used to recover the isotopic concentration alrestdyed onBRNNAM on a sub-
directory corresponding to a specific time. By default thasadis recovered from a time cor-
responding toxtf. The isotopic concentrations corresponding to this spetifie will be used
to update theVICNAM data structure.

keyword to specify the mixtures that will be burned. By détfiaall the mixtures that can burn
will.

list of mixtures to burn. All the mixtures not specified ingtare assumed to have isotopic con-
tents constant in time. The maximum number of mixtures thatlze provided is that specified
in themICROLIB data structure.

keyword to specify which mixtures will be used for the powermalization. By default, all
the mixtures in the cell can contribute to the power productWhen the the keyworsllIXB is
specified the listmixp is assumed to be identical kmixb. The irradiation stored in thRURNUP
data structure will be that associated with the mixture giggicby this keyword.

list of mixtures mixtures considered for power normalisatiThe maximum number of mixtures
that can be provided is that specified in thecROLIB data structure.

keyword to specify that a burnup calculation between anainénd a final time must be per-
formed. In the case where tl8A\VEkeyword is absent, the initial isotopic concentration \wél
stored INBRNNAM on a sub-directory corresponding to the initial time. If €T keyword is
absent, the isotopic concentration corresponding to tla Burnup time will be recovered from
the FLUXUNK structure.

initial time associated with the burnup calculation. Byaidf xti is the final time reached at
the last depletion step. If this is the first depletion stefi=0. The name of the sub-directory
EVONAMhere this information is stored will be given by

WRITE(EVONAM,’'(A8,14)") 'DEPL-DAT",inn
whereinn is an index associated with the tirRé.

time interval for burnup calculation. The initial timgi in this case is taken as the final time
reached at the last burnup step. If this is the first depletiep,xti=0.

end of time for the burnup calculation. The results of thedpa depletion calculations are
stored in the tables associated with a sub-directory whasesns constructed in the same manner
as thexti input. In the case where the time intereidt is provided therxtf=xti+dxt.

time associated with the last transport calculation. Thmenaf the sub-directory where this
information is to be stored is constructed in the same maaséhe forxti input. By default
(fixed default)xts=xti.
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Xtr

DAY
YEAR
COOL
FLUX

flux

POWR

power

wW/CC

wcce

EPS1

valeps1

EPS2

valeps2
EXPM

valexp

SATOFF
NSAT

SAT

NODI

time associated with the next flux calculation. The name efsthb-directory where this infor-
mation is to be stored is constructed in the same manner dkeati input. By default (fixed
default)xtr=xtf.

keyword to specify that the time is given in seconds.

keyword to specify that the time is given in days.

keyword to specify that the time is given in years.

keyword to specify that a zero flux burnup calculation is tgbeormed.
keyword to specify that burnup calculation at constant fatoibe performed.

flux expressed imm—2s~'. In the case wherfux<0.0, the calculations are performed as if the
COOLloption was used.

keyword to specify that a burnup calculation at constantgraik\W/Kg) is to be performed.

power expressed in KW/Kg = MW/tonne. In the case wheoe/er<0.0, the calculations are
performed as if th€OOLoption was used.

keyword to specify that a burnup calculation at constantgrai//cn?) is to be performed.

power expressed in W/cnin the case wheracc<0.0, the calculations are performed as if the
COOLloption was used.

keyword to specify the tolerance used in the algorithm fergblution of the depletion equations.

the tolerance used in the algorithm for the solution of thelel®n equations. The default value
is107°.

keyword to specify the tolerance used in the search algoritr a final fixed power (used if the
POWRNdW/CCoptions are activated).

the tolerance used in the search algorithm for a final fixedgsoWhe default value i$0 2.
keyword to specify the selection criterion for non-fissletopes that are at saturation.

the isotopes for which\ x (xtf— xti)>valexpwill be treated by a saturation approximation.
Here, \ is the sum of the radioactive decay constant and microseapitron absorption rate.
The default value is 80.0. In order to remove the saturatgpr@ximation for all isotopes set
valexpto a very large number such &8° or use the keywor@ATOFF

keyword to specify that the saturation model for the noriléissotopes will not be used.

keyword to specify that the saturation model for the noriligsotopes will not be used. This
keyword has the same effect as keywS®WTOFFE

keyword to specify that the saturation model for the nontéssotopes will be used. This is the
default option.

keyword to specify that no Dirac delta function will be usadhe saturation model. For isotope
k at saturation one therefore uses

Sk(t)
o Ak(t)
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DIRA keyword to specify that a Dirac delta function will be usedhe saturation model. For isotope
k at saturation one uses

Ni(t) = L [ad(t —to) + Sk(t) +bo(t —tg)]

Ag(t)
This is the default option.
H1 keyword to specify an estimate of the relative width of thredistep used in the solution of
burnup equations.
valhl relative width of the time step used in the solution of buregpations. An initial time step of

A, =valhlx (xtf—xti) is used. This value will be optimized in tl®/O: module to ensure that
the solution to the depletion equations converges. Theuttefalue is10~4.

RUNG keyword to specify a solution of the depletion equationsgshe5*" order Runge—Kutta algo-
rithm.
KAPS keyword to specify a solution of the depletion equationsgighe 4** order Kaps—Rentrop

algorithm™ This is the default value.

TIXS keyword that specifies that time independent cross seatidhise used. A time dependent flux
distribution will also be considered. This is the defaultiop when no time dependent cross
sections are provided.

TDXS keyword that specified that time dependent cross sectiohdeviused if available. This is the
default option when time dependent cross sections aregedvi

NOEX keyword that specified that time independent cross sectindgluxed will be used.

GLOB keyword to specify that the global energy produced will Heetainto account if available. This

is the default option.

NOGL keyword to specify that only the energy produced in the fuidlllve taken into account even if
energy production outside the fuel is available.

EXTR keyword for power extrapolation when fixed power burnup lsced.

3.11 TheCPO module

The CPO: module is used to generate a reactor cross-section databéhesCOMP@ormat that can be used
for full core calculation using DONJORK® The input specifications for this module are presented ineT5d.

Table 54: StructuréCPO:)

CPONAM := CPO: [ CPONAM | EDINAM [ BRNNAM | :: (desccpo)

CPONAM character *12 name of thecPo data structure containing the reactor database. Additiona
contributions can be included in the reactor cross-secdi@abase iCPONAM appears on the
RHS.

EDINAM character =12 name of the read-onlgDITION data structure.
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BRNNAM

(desccpo)

character *12 name of the read-onBURNUP data structure containing the depletion history.
This information is given only if the reactor database isdatain burnup dependent data.

structure containing the input data to this module (seei@d8t11.1).

3.11.1 Data input for modulePQ.

Table 55: Structurédesccpo)

EDIT iprint
B2] [NOTR

|

{ STEPNOMDIR | BURNURPREFIX }

[ [ EXTRACT{ ALL | NEWNAME (OLDNAME (i), i=1,niext)} ] |
[

NAMENDIR |

EDIT keyword used to modify the print levédrint.

iprint index used to control the printing of this module. The amaifioutput produced by this tracking
module will vary substantially depending on the print leseécified.

B2 keyword to specify that the buckling correctioif?) is to be applied to the cross section to
be stored on the reactor database. By default (fixed defaulth a correction is not taken into
account.

NOTR keyword to specify that the cross section to be stored on é¢hetor database are not to be
transport corrected. By default (fixed default), transportrected cross section are considered
when theCTRAoption is activated itMAC: or LIB: (see Sectioris 3.1 ahd B.2).

STEP keyword to specify that a specific cross section directagest inEDINAM via theSAVEoption
in theEDI: module is to be transferred ©®PONAM.

NOMDIR character *12 name of the specific cross section directory to be treated.

BURNUP keyword to specify that a chain of cross section directooyext in EDINAM via the SAVE
option in theEDI: module will be transferred t€PONAM.

PREFIX character 8 prefix name of the cross section directory to be treated. DAN®vill transfer
into the reactor database all the directories with full n&é/DIRcreated using

WRITE(NAMDIR,’(A8,14)") PREFIX,nb
wherenb is an integer greater than 0 indicating the depletion stdpxn
EXTRACT keyword to specify that the contribution of some isotopesh®s macroscopic cross sections

associated with each homogenized mixture must be extraetede being stored on the reactor
database. The microscopic cross sections and concensatssociated with these isotopes will
also be generated and stored on the reactor database.
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ALL keyword to specify that all the isotopes processed usingvitieR option of theEDI: mod-
ule should be extracted from the macroscopic cross sedcsstciated with each homogenized
mixture.

NEWNAME character *12 name under which a given set of extracted isotope will beeston the reactor
database.

OLDNAME array ofcharacter *8 name of isotopes to be extracted from the macroscopic cext®B
associated with each homogenized mixture.

NAME keyword to specify the prefix for the name of the sub-directwhere the information corre-
sponding to a single homogenized region will be stored. Realfdefault isNDIR="COMPO™™

NDIR character 8 prefix for the name of the sub-directory. The complete nanterstructed by
the concatenation d¥DIR with a four digit integer value.

3.12 Thel NFO module

TheINFO: module is mainly used to compute the number densities fecsasd isotopes at specific local con-
ditions. The module can also be used to compute the wateitgeii®’, P) according to the assumed temperature
T and purityP. In that case, the compound water density for a mix of ligltt b@avy water is

~ 100 X pp,0(T)pp,o(T)
p(T7 P) B PpH20(T) + (1 — P)pDzO(T)

Temperature tabulations fory,o (T') andpp,o(T') are the same as those of the WIMS-AECL code and are not
valid for supercritical water conditiod®! The input specifications for this module are presented irel5®.

Table 56: Structur@NFO:)

INFO: :: (descinfo)

(descinfo) structure containing the input data to this module (seei@€8{12.1).

3.12.1 Data input for moduleNFQO;

Table 57: Structurédescinfo)

[ EDIT iprint

[LIB: { DRAGONMATXS MATXS2 WIMSD4 WIMS| WIMSAECL FIL: NAMEFIL |
[TMP: temp{ K| C} ]

[ PUR: purity { WGTY%ATM% |

[ CALC DENS WATER>dens<< |

[ ENR: enrichmenf WGTY%ATM% |

continued on next page
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Structure(descinfo)

continued from last page

[[1SO: nbiso(ISONAM(3), i=1,nbiso)

{ GET MAS%>>mas$i)<<, i=1,nbiso)] CALC WGT%
D20>>nhl<< >>hd2<< >>nol6<< |
UO2>>nub<< >>hu8<< >>nol6<< |
THO2>>nth2<< >>nu3<< >>nol6<< } } ]|

EDIT

iprint

LIB:

DRAGON
MATXS

MATXS2

WIMSD4
WIMS
WIMSAECL
FIL:
NAMEFIL

TMP:
temp

PUR:

purity
ENR:

enrichment

ISO:

nbiso

ISONAM

keyword used to modify the print levédrint.

index used to control the printing of the module. The amotfioudput produced by this tracking
module will vary substantially depending on the print leseécified.

keyword to specify the type of microscopic cross sectioralifp from which the isotopic mass
ratio will be recovered.

keyword to specify that the microscopic cross section tipisiin the DRAGLIB format.

keyword to specify that the microscopic cross section fipimin the MATXS format of NJOY-II
and NJOY-89.

keyword to specify that the microscopic cross section ifpigin the MATXS format of NJOY-
91.

keyword to specify that the microscopic cross section fpigin the WIMS-D4 format.
keyword to specify that the microscopic cross section fipigin the WIMS-AECL format.
keyword to specify that the microscopic cross section fipigin the WIMS-AECL format.
keyword to specify the name of the file where the microscopise section library is stored.

character
recovered.

* 8 name of the microscopic cross section library from whichrtreess ratio are

keyword to specify the isotopic temperature.
temperature given in Kelvirk) or Celsius C).

keyword to specify the heavy water purity, that is fractidmeavy water in a mix of heavy and
light water.

heavy water purity in weight percenMGTY®@r atomic percentATM%

keyword to specify the fuel enrichment. For Y@el, this represent the ratio &#°U (concen-
tration or weight) ta?3°U+238U. For ThQ, fuel, the ratio o?*3U (concentration or weight) to
233U+232Th is considered.

fuel enrichment in weight percentMGT%@r atomic percentATM%

keyword to specify an isotope list. This list will be usedeit for getting mass values of isotopes
or for computing number densities.

number of isotopic names used for a calculation (limitedhéso< 3).

character *12 name of an isotope.
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GET MASS

CALC
DENS WATER

dens

WGT% D20

WGT% UO2

WGT% THO2

keyword to recover the mass values as written in the librlrgeturns the mass value of each
isotope in the output parameterass

keyword to ask the module to compute some parametric values.

set of keywords to recover the water density as a functiorisofeimperature and purity. This
option requires the setting of temperature and purity, arttbés not affect any given list of
isotope names.

calculated water density.

keywords to recover 3 number densities for a compound méxdfiheavy and light water. The
isotope list is assumed to contdinl, 2D and20. Temperature and purity are supposed to be
available. It returns concentration of these isotopeserotltput parametergh1, nd2andnol6.

keywords to recover 3 number densities for a compound nexdéitJranium oxide. The isotope
list is assumed to contaii®U, 238U and'60. The?3°U enrichment is supposed to be available.
Note that the number densities will sum to 100. It returnscenration of these isotopes in the
output parametensu5, nu8andnol6.

keywords to recover 3 number densities for a compound nextdrThorium/Uranium oxide.
The isotope list is assumed to contdiiTh, 233U and 0. The?33U enrichment is supposed
to be available. Note that the number densities will sum 1. 1returns concentration of these
isotopes in the output parameteth2, nu3andnol6.

ThelNFO: module works the following way. For a given isotope list, thass is extracted from the library or
a calculation process is expected. Once this calculatibassbeen performed, it is possible to list other isotopes
and ask for further calculations. Finally note that the nendf output parameters (denoted¥y parank<) must
be equal to the number of isotopes names given, plus the detesity when a commar@ALC DENS WATER

issued.

3.13 TheCFC:

module

The CFC: module is used to generate a Feedback Model database kdaira full core calculation in
DONJONEZ38 The input specifications for this module are presented inelB®.

Table 58: StructuréCFC:)

CFCNAM :=CFC: [ CFCNAM ]
(CPONAM(i), i=1,28):: (desccfc)

CFCNAM

CPONAM

character *12 name of theeBMXSDB data structure containing the Feedback Model reactor
database. The reactor database can be updat#eiNAM appears on the RHS.

character 12 name of read onlgpPodata structures. There are 28 differemio data struc-
tures required. ThesePorespectively contain the following information

1. Reference data for cell averaged and two group burnupdemé cross sections.

2. Data for cell averaged and two group burnup dependerd sextions cross section at high
fuel temperature perturbation.
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3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

. Data for cell averaged and two group burnup dependens sexgions cross section at low
fuel temperature perturbation.

. Data for cell averaged and two group burnup dependerd sexgions cross section at high
coolant temperature perturbation.

. Data for cell averaged and two group burnup dependend sexgions cross section at low
coolant temperature perturbation.

. Data for cell averaged and two group burnup dependerd seagions cross section at high
moderator temperature perturbation.

. Data for cell averaged and two group burnup dependens sexgions cross section at low
moderator temperature perturbation.

. Data for cell averaged and two group burnup dependerd seagions cross section at high
coolant density perturbation.

. Data for cell averaged and two group burnup dependend sexgions cross section at low
coolant density perturbation.

Data for cell averaged and two group burnup dependess cgctions cross section at high
moderator density perturbation.

Data for cell averaged and two group burnup dependess s@ctions cross section at low
moderator density perturbation.

Data for cell averaged and two group burnup dependess$ @ections cross section with
perturbed moderator boron concentration.

Data for cell averaged and two group burnup dependess @ections cross section with
perturbed moderator purity.

Data for cell averaged and two group burnup dependess @ections cross section with
perturbed xenon concentration.

Data for cell averaged and two group burnup dependess$ @ections cross section with
perturbed samarium concentration.

Data for cell averaged and two group burnup dependess$ @ections cross section with
perturbed neptunium concentration.

Data for cell averaged and two group burnup dependess$ @ections cross section with
perturbed fuel temperature and coolant density.

Data for cell averaged and two group burnup dependess @ections cross section with
perturbed coolant temperature and density.

Data for cell averaged and two group low power burnup deéget cross sections cross
section.

Data for cell averaged and two group low intermediatenbprdependent cross sections
cross section.

Data for cell averaged and two group high power burnugdéent cross sections cross
section.

Reference data for two group burnup dependent modenatss sections.

Data for two group burnup dependent moderator crosesasdt high moderator temper-
ature perturbation.

Data for two group burnup dependent moderator crosmasdit low moderator tempera-
ture perturbation.

Data for two group burnup dependent moderator crosgsascit high moderator density
perturbation.
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26. Data for two group burnup dependent moderator crosgascit low moderator density

perturbation.
27. Data for two group burnup dependent moderator crosgsaeawith perturbed moderator

boron concentration.
28. Data for two group burnup dependent moderator crosgsaeawith perturbed moderator
purity.

(desccfc) structure containing the input data to this module (seei@€8{13.1).
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3.13.1 Data input for moduleFC.

Table 59: Structurédesccfc)

91

[ EDIT iprint

[INFOR TITLE |

[ DNAMERNANE ]

[ PWRpbowerref powerhigh powerint powerlow
[ TCOOLtcoolref tcoolhigh tcoollow

[ TMODEmoderef tmodehigh tmodeloiw

[ TFUEL tfuelref tfuelhigh tfuellow]

[ RHOQcoolref

[ RHOMImoderef

[ XIR pmodref pmodpef

EDIT keyword used to modify the print levédrint.

iprint index used to control the printing of the module.

INFOR keyword to define the database title.

TITLE character 72 title associated with the reactor FMB database.
DNAME keyword to define the database name.

RNAME character 12 name of the FBM database.

PWR keyword to define the power levels used for the burnup caiculs.
powerref reference power level (kW).

powerhigh high power level level (kW).

powerint intermediate power level level (kW).

powerlow low power level level (kW).

TCOOL keyword to specify coolant temperature used for referendep@rturbed cases.
tcoolref reference coolant temperature (K).

tcoolhigh high coolant temperature (K).

tcoollow low coolant temperature (K).

TMODE keyword to specify moderator temperature used for referand perturbed cases.
tmoderef reference moderator temperature (K).

tmodehigh high moderator temperature (K).

tmodelow low moderator temperature (K).
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TFUEL keyword to specify fuel temperature used for reference amtlibed cases.
tfuelref reference fuel temperature (K).

tfuelup high fuel temperature (K).

tfueldown low fuel temperature (K).

RHOC keyword to specify coolant density used for reference datmns.

dcoolref reference coolant density (g/én

RHOM keyword to specify moderator density used reference cations.
dmoderef reference moderator density (g/&n

XIR keyword to specify water purity (BD content) used for reference and perturbed cases.
pmodref reference moderator purity (fraction o£,D in water).

pmodper perturbed moderator purity (fraction oD in water).

Other reference and perturbed values are recovered gifemth the concentrations and isotope densities stored
in the differentCPO.

3.14 TheMRG module

TheMRG:module is used to pre-homogenize a geometry after it hastbeeked with theEXCELT: module.
This module can also be used for the same purposiXar: tracked geometrid€2:2! |n addition,NXT: based
tracking files can also be partition using this module.

The general specifications for this module are presentedite$ 6D td 62

Table 60: Structure for mergirgXCELT: tracks

TRKENEW TFILENEW:= MRG: TRKEOLD TFILEOLD :: (descmrg)

Table 61: Structure for mergingXT: tracks

TRKNNEW := MRG: TRKNOLD :: (descmrg)

Table 62: Structure for partitioningXT: tracking files

TFILEMOD TFILEEXT := MRG: TRKNOLD TFILEOLD :: (descextr)




IGE-174 Rev. 13 (Release 3.060) 93

TRKENEW

TFILENEW

TFILEMOD

TFILEEXT

TRKEOLD

TFILEOLD

(descmrg)

(descextr)

character *12 name of the newRACKING data structure that will contain region volume and
surface area vectors in addition to region identificatiomfgss and other tracking information
after the pre-homogenization process.

character *12 name of the neMEXCELT: compatible sequential binary tracking file used to
store the tracks lengths after the pre-homogenizatiorgsohas take place.

character *12 name of the neWNXT: sequential binary tracking file where the lines not-
associated with the regions to extract are stored.

character *12 name of the neWNXT: compatible sequential binary tracking file where the
lines associated with the regions to extract are stored.

character *12 name of therRACKING data structure that contains region volume and surface
area vectors in addition to region identification pointerd ather tracking information before
the pre-homogenization process.

character *12 name of the old sequential binary tracking file used to stoedracks lengths
before the pre-homogenization process takes place.

structure containing the input data to this module (seei@d8t14.1).

structure containing the input data for track file partitranprocess (see Sectibn 3.14.2).

3.14.1 Data input for geometry pre-homogenization

Table 63: Structurédescmrg)

[ EDIT iprint

[ REGI (irmrg(3), i=1,nreg) ]
[ SURF(ismrg(i), i=1,nsur) ]

EDIT
iprint
REGI

irmrg

SURF

ismrg

keyword used to modify the print levédrint.
index used to control the printing in this module.
keyword to specify that regions will be pre-homogenized.

list of new region numbers associated with old region numb&wo or more regions can be
combined together only if they contain the same mixture. mtmmbernreg of region is that
printed after the execution of the tracking module.

keyword to specify that surfaces will be pre-homogenized.

list of new surface numbers associated with old surface musablwo or more surfaces can be
combined together only if they are associated with the samo@dbary conditions. The number
nsurof surfaces is that printed after the execution of the tragknodule.
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3.14.2 Data input for tracking file partitioning

Table 64: Structurédescextr)

[ EDIT iprint
[ EXTR(iext(i), i=1,nreg) |

where

EDIT keyword used to modify the print levérint.

iprint index used to control the printing in this module.

EXTR keyword to specify that the track associated with a spedfiosregions will be extracted from
the reference tracking file.

iext list of region numbers for track extraction. The number oégegion is that printed after the

execution of the tracking module.

3.15 ThePSP: module

The PSP: module can be used to generate a graphical file in a POSTSCieIRIAt ASCII file) for 2-D
geometries that can be analyzed using EXCELT: andNXT: tracking modules (see Sectibn3.4). The mod-
ule PSP: is based on the PSPLOT FORTRAN library from Nova Southeadteriversity®d Since only a few
PSPLOT routines were required in DRAGON and because additimutine not present in the original package
were needed, the PSPLOT package has been reprogrammedA@G QR The POSTSCRIPT files generated by
this module can be viewed by several utility programs, sichostvie®4 or sent to a printer compatible with
this language. The input specifications for this module aesgnted in Tablds 65 ahd]66.

Table 65: StructuréPSP:)for valid EXCELT: geometry

PSGEO:= PSP: [ PSGEO] GEONAM [ FLUNAM | :: (descpsp)

Table 66: Structur@SP:)for valid NXT: tracking data structure

PSGEO:= PSP: [ PSGEO|] TRKNAM [ FLUNAM ] :: (descpsp)

PSGEO character *12 name of the file that contains the graphical description irC&SPSCRIPT
format. This file must have a sequen#e®CIl format.
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GEONAM

TRKNAM

FLUNAM

(descpsp)

character 12 name of a read-onlgEOMETRY (see Sectiof 313). This option can be used
only with geometries that can be processed usind=tK€ELT: module.

character 12 name of an EXCELL type read-onfRACKING (see Sectioh 314). This struc-
ture must have been created usingE¥CELT:, EXCELL: or NXT: modules.

character 12 name of an optional read-onfy UXUNK (see Sectioh 317). Itis required only
if a flux mapping plot is requested.

structure containing the input data to this module (seei®@€8{15.1).

3.15.1 Data input for moduleSP:

Table 67: Structurédescpsp)

[ EDIT iprint

[FILL { NONE GRAY| RGB| CMYK HSB} [ NOCONTOUR
[ TYPE{ REGION| MIXTURE| HMIX | FLUX| MGFLUXicond(g),g = 1, N,)} |

EDIT
iprint
FILL
NONE
GRAY
RGB

CMYK

HSB

NOCONTOUR
TYPE
REGION

MIXTURE

HMIX

keyword used to modify the print levérint.

index used to control the printing in this module.

keyword to specify the drawing options.

keyword to specify that only region contour are to be drawn.

keyword to specify that the regions will be filled with varolevels of gray.

keyword to specify that the regions will be filled with var®colors taken using the RGB color
scheme.

keyword to specify that the regions will be filled with vareuaolors taken using the CMYK
color scheme.

keyword to specify that the regions will be filled with var®oolors taken using the HSB color
scheme. This is the default option.

keyword to specify that the contour lines delimiting eadioa will not be drawn.
keyword to specify the type of graphics generated.

keyword to specify that different colors or gray levels vii# associated with each region. This
is the default option.

keyword to specify that different colors or gray levels v associated with each physical
mixture.

keyword to specify that different colors or gray levels vii# associated with each virtual ho-
mogenization mixture (valid only fakXT: based tracking data structures).
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FLUX
MGFLUX

icond

3.16 TheSAD:

keyword to specify that the group integrated flux is to be draw
keyword to specify that the group flux is to be drawn.

array of increasing energy group limits that will be asstdavith each of theV, condensed
groups. The final value atond will automatically be set taigroupwhile icond>ngroupwill
be dropped from the condensation. The number of group csadien entryN, must satisfy
N, <ngroupwherengroupis the total number of groups on the flux data structure.

module

The SAD: module is used to compute the generalized adjoint fluxesated with homogenized and con-
densed cross-sectiof8¥4 The input specifications for this module are presented iteB®.

Table 68: StructuréSAD:)

FLUNAM EDINAM = SAD: PIINAM LIBNAM TRKNAM :: (descsad)

FLUNAM

EDINAM

PIINAM

LIBNAM

TRKNAM

(descsad)

character *12 name of thecLUXUNK data structure containing the generalized adjoint fluxes
solution.

character *12 name of theeDITION data structure where the homogenized and condensed
properties and the generalized adjoint sources will bexdtor

character *12 name of theasmP1J data structure containing the group dependent system
matrices (see Sectidn 3.6).

character *12 name of theMACROLIB or MICROLIB data structure that contains the macro-
scopic cross sections (see Section$ 3.1 arfd 3.2).

character 12 name of therRACKING data structure (see Sectionl3.4).

structure containing the input data to this module (seei@d8{16.1).

3.16.1 Data input for modulBAD:

Table 69: Structurédescsad)

EDIT iprint ]

[
[INIT { OFF| ON((fluxed, g), i=1,nregio), g=1,ngroup) } |
[ { FLX | PAF| AF}]

TYPE{N|S|K}

[ THER[ maxthr] [ epsthr] |

[ EXTE[ maxout] [ epsout ]

continued on next page
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Structure(descsad) continued from last page

[ UNKT][ epsunk] |

[ REBA| OFF] |

[ ACCEnlibre naccel

[ EGPAepsgpd

[ CGPAcongpa)

[ SAVE] [ NCOR

[ COND( NONE ( { icond(g) | energyg) }. g = 1,N,)] }

[ MERG COMP NONE MIX (imixt(i),i = 1, N,,,) | REGI (ireg(i),i = 1, N,) } ]
[ TAKE{ MIX (imixt (i), = 1, N,) | REGI (ireg(i), i = 1, N,.) } ]

[ SELE{ NONE ALL | TOTAL| TRANQ NUSIGF| NFTOT| SCAD} |

EDIT keyword used to modify the print levérint.
iprint index used to control the printing of this module. The amaiioutput produced by this tracking
module will vary substantially depending on the print lesjeécified.

INIT see Sectioh 3.7.1.

OFF see Sectioh 3.7.1.

ON see Sectioh 3.7.1.

fluxes see Sectioh 3.7.1.

FLX see Sectioh 3.7.1.

PAF see Sectioh 3.7.1.

AF see Sectioh 3.7.1.

TYPE see Sectioh 3.7.1.

N see Sectioh 3.7.1.

S see Sectioh 3.7.1.

K see Sectioh 3.7.1.

THER see Sectioh 3.7.1.

maxthr see Sectioh 3.7.1.

epsthr see Sectioh 3.7.1.

EXTE see Sectioh 3.7.1.

maxout see Sectioh 3.7.1.

epsout see Sectioh 3.7.1.

UNKT see Sectioh 3.7.1.

epsunk see Sectioh 3.7.1.

REBA see Section 3.7.1.
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OFF
ACCE
nlibre
naccel
EGPA
epsgps
CGPA
congpa
SAVE
NCOR
COND
NONE
icond
energy
MERG
TAKE
COMP
MIX
REGI
ireg
imixt

SELE

NONE
ALL

TOTAL

TRANC

NUSIFG

NFTOT

SCAT

see Sectioh 3.7.1.
see Sectioh 3.7.1.
see Sectioh 3.7.1.
see Sectioh 3.7.1.
see Sectioh 3.7.1.
see Sectioh 3.7.1.
see Sectioh 3.7.1.
see Sectioh 3.7.1.
The generalized adjoint sources are saved on EDINAM.
The correction matrix associated with the high order conepémof the flux is not computed.
see Section 3.9.1.
see Section 3.9.1.
see Section 3.9.1.
see Section 3.9.1.
see Section 3.9.1.
see Sectioh 3.9.1.
see Section 3.9.1.
see Sectioh 3.9.1.
see Section 3.9.1.
see Sectioh 3.9.1.
see Section 3.9.1.

keyword to specify the homogenized and condensed crosssetd take into account for the
generalized adjoints computation.

keyword to specify that no cross section will be consideced€neralized adjoints computation.

keyword to specify that all the cross sections availablélvéiliconsidered for generalized adjoints
computation.

keyword to specify that the total cross section will be cdaséd for generalized adjoints com-
putation.

keyword to specify that the transport correction crossieeatill be considered for generalized
adjoints computation.

keyword to specify that the fission neutron production ceession (X ¢) will be considered for
generalized adjoints computation.

keyword to specify that the fission cross section will be adered for generalized adjoints com-
putation.

keyword to specify that the scattering cross section wiltbesidered for generalized adjoints
computation.
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3.17 ThePER: module

The PER: module is used to perform generalized perturbation theatyutations in DRAGON4%#4] The
input specifications for this module are presented in Ta@le 7

Table 70: StructuréPER:)

EDINAM := PER: EDINAM LIBNAM TRKNAM FLUNAM LIBNAP [ FLUNAP]: (descper)

EDINAM

LIBNAM

TRKNAM
FLUXNAM

LIBNAP

FLUXNAP

(descper)

character *12 name of theeDITION data structure containing the perturbed homogenized
and condensed cross sectioEDINAM must appears on the RHS after being computed with
SAD: for the reference state.

character *12 name of theMACROLIB or MICROLIB data structure that contains the macro-
scopic cross sections (see Sections 3.1 arfd 3.2).

character 12 name of therRACKING data structure (see Sectionl3.4).

character *12 name of theFLUXUNK data structure containing the reference flux (see Sec-

tion[3.16).

character *12 name of theMACROLIB or MICROLIB data structure that contains the per-
turbed macroscopic cross sections (see Sedfiohs 3[1dnd 3.2

character *12 name of theFLUXUNK data structure containing the perturbed flux (see Sec-

tion[3.7).
structure containing the input data to this module (seei@€8{17.1).

3.17.1 Data input for moduleER:

Table 71: Structurédescper)

[ SAVE ONNAMREC
[ TYPEDIR | CALC| PER]
[LIN ]
SAVE keyword to specify that the results of the perturbative @walions are to be saved on a sub-
directory of EDINAM .
ON keyword to specify on which sub-directory BDINAM this information is to be stored.
NAMREC character *12 name of the sub-directory &@DINAM where the perturbed homogenized and

condensed cross sections are to be saveth(zROLIB).
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TYPE keyword to specify the type of perturbation calculationp¢oform.

DIR keyword to specify that the reference flux is to be used in #réupbation calculations.

PER keyword to specify that the perturbed flux is to be used in #réypbation calculations.

CALC keyword to specify that the perturbed homogenized and awatbcross sections are to be ex-

plicitly calculated. In this case, the perturbed flux is riee.

LIN keyword to specify that the linear perturbation formulasased. In this case, the perturbed flux
is required. This can be used for sensitivity coefficientgktions.

3.18 TheHST: module

The HST: module is designed to manage a full reactor execution in B@NNdsing explicit DRAGON cal-
culations for each cel®#% This module can save in aniSTORY data structure the information available in
BURNUP data structures generated by DRAGON (see Table 72). It canrahdviAP data structures generated
by DONJON* to prepare theiisTORY data structure for a new series of cell calculations in DRAG®ee Ta-
ble[73). TheHiSTORY data structures can also be used to update data structures (see Tallg 74). Finally, the
moduleHST: can be used to create an initillRNUP data structure that can be used to burn the cell another time
step in DRAGON (see Tablelrs).

Table 72: Updating or creating ansSTORY structure using @ URNUP structure

HISTORY := HST: [HISTORY ][ BURNUP] ::
[ (hstdim) |

[ GET(hstpar) |

[ CELLID icha ibun] idfuel ] [ GET (hstpar) | |

Table 73: Updating or creating anSTORY structure using a1AP structure

HISTORY :=HST: [HISTORY | MAP ::
[ (hstdim) |
[ GET(hstpar) ]

Table 74: Updating AP structure using arISTORY structure

MAP :=HST: MAP HISTORY




IGE-174 Rev. 13 (Release 3.060) 101

Table 75: Creating aURNUP structure using anISTORY structure

BURNUP :=HST: HISTORY ::

[ (hstdim) |

[ PUT (hstpar) ]

CELLID icha ibun[ PUT{
BREFL (hstbrn) (hstpar) AREFL(hstbrn) (hstpar) |
[ AREFL] (hstbrn) (hstpar) }

The description of the variables and structures presentédile$ 7P t 745 follows.

HISTORY character 12 name of arHISTORY data structure.

BURNUP character 12 name of 88URNUP data structure.

MAP character 12 name of avAP data structure.

(hstdim) structure containing the dimensions for s TORY data structure.

CELLID keyword to identify the cell for which history informatios to be processed.

icha channel number for which history information is to be presss

ibun bundle number for which history information is to be proesks

idfuel fuel type number associated with this cell. One can assotiatach fuel cell a different fuel

type. By default a single fuel type is defined and it fills eviergi cell. Only the initial properties
of each fuel type are saved. These properties are used tmlire].

GET keyword to specify that the values of the parameters sel@ot@hrnpar) will be read from the
input stream or CLE-2000 local variables and stored omtlsg ORY data structure.

PUT keyword to specify that the values of the parameters seléot@hrnpar) will be read from the
HISTORY data structure and transferred to local CLE-2000 variables

BREFL keyword to specify that the information to extract from #isTORY data base is related to the
properties of the cell before refueling takes place.

AREFL keyword to specify that the information to extract from #isTORY data base is related to the
properties of the cell after refueling took place.

(hstbrn) structure containing the burnup options.

(hstpar) structure containing the local parameters options.

The (hstdim) input structure is required for general dimensioning psgiolt is generally used only when
creating thed1STORY data structure. However, the number of global and localmpeters used in 8ISTORY data
structure can be increased at all time. The number of chanmehdles and the refueling scheme must be defined
at the creation of thellISTORY data structure. This information can be provided manuallxtracted from amap
data structure. The general form of tfestdim) input is presented in Tablel76.
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Table 76: Structurénstdim)

[ EDIT iprint
[ DIMENSIONS| GLOBALnglo] [ LOCALnloc] | BUNDLESbun bunl] | CHANNELSicha] |

EDIT keyword used to modify the print levédrint.
iprint index used to control the printing in this module.

DIMENSIONS  keyword used to indicate that the general dimensioning®ft8TORY data structure will be

modified.

GLOBAL keyword used to modify the number of global parameters omitBgORY data structure.

nglo the number of global parameters. The history module will theemaximum betweenglob
and the value, if any, defined on tResTORY data structure.

LOCAL keyword used to modify the number of local parameters omtsgORY data structure.

nloc the number of local parameters. The history module will hgemhaximum betweenloc and
the value, if any, defined on thesTORY data structure.

BUNBLES keyword used to specify the number of bundles per channeéh&oreactor model considered
in the HISTORY data structure.

nbun the number of bundles per channel for the reactor modeibiinis different from the value
already defined on thelSTORY or MAP data structures, the execution is aborted.

bunl bundle length in cm. This information is required to compuot&l fuel weight.

CHANNELS keyword used to specify the number of fuel channels for tlaetar model considered in the

HISTORY data structure.

ncha the number of fuel channels for the reactor modehdhais different from the value already
defined on the1ISTORY or MAP data structures, the execution is aborted.

The (hstbrn) serves a unique purpose, mainly to extract fromHIETORY file the information required to
process a burnup evaluation in DRAGON using EMO: module. The information must be stored inside CLE-
2000 variables. The general form of this output structuprésented in Tab[e V7.

Table 77: Structuréhstbrn)

BURNperiod power
BURN keyword to indicate that burnup information follows.
period the burnup period (in days) that will be transferred to a €aE-2000 variable.
power the power density (in kW/kg) that will be transferred to al@aE-2000 variable.

The(hstpar) is used for two purposes:
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1. to define the names of the local and global parameters thatquired for the calculations as well as to
initialize these parameters;

2. to extract from adISTORY data structure the values of local and global parameters.

The general form of this structure is presented in Table 78.

Table 78: Structuréhstpar)

[[ NAMPAR valpar]]

where

NAMPAR

valpar

name of a local or global parameter to process. The parasngpecified before the keyword
CELLID is read will be considered global otherwise they will be ¢desed local.

real value for the local or global parameter to process. éndase where th&ET option is
activated, the history module will extract this parametentf the input data stream. In the case
where thePUToption is activated, the history module will try to transfiis information into a
real CLE-2000 variable.

3.19 TheTLM module

TheTLM: module generates a Matlé® m-file  (ASCII file format) that contains the instructions for plot-
ting the tracking lines generated by tNXT: (optionLONGactivated in TableE32§X The input specifications for
this module are presented in Tablé 79.

Table 79: Structur€TLM:)

MFILE := TLM: MFILE TRKNAM TRKFIL :: (desctlm)

MFILE

TRKNAM
TRKFIL

(desctim)

character *12 name of theASCIl Matlab m-file  that will contain the instructions for
plotting the tracking lines.

character *12 name of therRACKING data structure.
character *12 name of the sequential binary tracking file used to storertiek$ lengths.

structure describing the type of graphics generated (seto8E.19.1).

3.19.1 Data input for moduleLM
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Table 80: Structurédesctim)

[ EDIT iprint ]
[ NTPOnplots]
({
REGIONS] NoPause | ireg |
POINTS | NoPause | |
DIRECTIONS|[ NoPause | DIR idir [ PLANiplan{ Uiuv |Viuv } ] |
PLANP[ NoPause | DIR idir DIST dist | PLANiplan] |
PLANA[ NoPause |]AaBb [Cc]Dd
}, iplot=1, nplots)

EDIT keyword used to modify the print levédrint.

iprint index used to control the printing in this module.

NTPO keyword to specify the number of figures to draw.

nplots integer value for the number of figures to draw.

REGIONS keyword to specify that the figure will illustrate only thedis associated with a given region.
POINTS keyword to specify that the figure will illustrate the intecsion points between the lines and the

external faces of the geometry.

DIRECTIONS keyword to specify that the figure will illustrate the linessing each region as well as the
intersection points between the lines and the externasfatthe geometry.

PLANP keyword to specify that the figure will illustrate the poimi®ssing a plane normal to the line
direction.
PLANA keyword to specify that the figure will illustrate the poigt®ssing an arbitrary surface in 3-D or

line in 2-D. The equation for the surface in 3-D is :
aX +by+cZ=d
while the equation for the line in 2-D is :

aX+by=d

NoPause keyword to specify that all the lines must be drawn withoutlslapause. By default, there is a
pause after all the points associated with an externalseidad all the lines associated with a
region are drawn.

ireg region number for which line illustration will be provided.
DIR keyword to specify the line direction to draw.
idir integer value to identify the track direction to draw. In ttese wheredir=0, all the directions

will be drawn. A value ofidir=0 for 2-D geometry is generally acceptable. However, f@ 3-
geometry the number of lines generated is such that the fisro@mes a mess and it is generally
more convenient to draw the lines direction per direction.



IGE-174 Rev. 13 (Release 3.060) 105

PLAN

iplan

iuv

DIST
dist

AV

Q O T O T W

keyword to specify which of the three planes normal to thecsigel direction in 3-D will be
considered for drawing. This plane is defined by the dxesV’. Used only for 3-D geometries.

integer value to identify which of the three planes normahi® specified direction in 3-D will
be considered for drawing. The only values permitted are, @ dr 3. When a value of 0 is
specified (default) all three planes will be drawn. Used dohB-D geometries.

keyword to specify that all the lines in tHé axis associated with a position on theaxis will
be drawn. Used only for 3-D geometries.

keyword to specify that all the lines in thé axis associated with a position on thieaxis will
be drawn. Used only for 3-D geometries.

integer value to identify the position on tibeor V' axis to be drawn. Used only for 3-D geome-
tries.

keyword to specify the distance between the plane normaftemtine direction and the origin.
real or double precision value for the distance of the planmfthe origin.

keyword to specify the value @ffor an arbitrary plane or line.

real or double precision value

keyword to specify the value df for an arbitrary plane or line.

real or double precision value

keyword to specify the value affor an arbitrary plane.

real or double precision value

keyword to specify the value af for an arbitrary plane or line.

real or double precision valu#

3.20 TheFMr: module

The utility moduleFMT: is used to format various data structure to suit the spec#fiz needs. Here two
formatting options are available.

1. TheSUS3Doption where three files are created that respectively aotita integration weights and direc-
tions (ASCII), the directional flux (binary or ASCII) and tliéectional adjoints (binary or ASCII) in a CP

or Sy formatB285] The input specifications for this option are presented inel&H.

2. TheDIRFLX option where a single file is created that contain the dioeeti flux, adjoints and generalized

adjoints. The input specifications for this option are pnése in Tablé 8P.

Table 81: Structuré=MT:) for SUS3Doption

WGTANGL DFLUX DADJOINTS := FMT: FLUX VOLTRK ::
[ EDIT iprint
SUS3D[{ SN|CP} ]
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Table 82: Structur€@~MT:) for DIRFLX option

DAF :=FMT: FLUX VOLTRK ::
[ EDIT iprint ]
DIRFLX

WGTANGL
DFLUX

DADJOINTS

DAF

FLUX
VOLTRK
EDIT
iprint
SUS3D
SN

CP
DIRFLX

character =12 name of theASCII file that will contain the angular weights and directions.

character =12 name of theASCIl or BINARY file that will contain the directional flux in a
SUS3D compatible format.

character *12 name of theASCII or BINARY file that will contain the directional adjoints
in a SUS3D compatible format.

character *12 name of theASCIl file that will contain the weights, angular directions and
directional flux, adjoints and generalized adjoints in a BILR compatible format (see Ap-
pendiX/A.1 for a description of the format for this file).

character *12 name of therfLUXUNK data structure to process.

character *12 name of therRACKING data structure to process.

keyword used to modify the print levérint.

index used to control the printing in this module.

keyword to activate the SUS3D processing option.

keyword to generat§y compatible fluxes and adjoints (cell edge values). It is #fadlt value.
keyword to generate CP compatible fluxes and adjoints (eeteaed values).

keyword to activate the DIRFLX processing option.

3.21 Thel TR module

The utility modulelTR: performs dedicated editing to generate TRIPOLI importariites. The input speci-
fications for this module are presented in Tdblk 83.

Table 83: Structur@ TR:)

XMLIMP :=FMT: FLUX VOLTRK LIBNAM :: (descitr)

XMLIMP

FLUX

character *12 name of theXML(ASCII format) file importance that will contain the TRIPOLI
importances.

character *12 name of therfLUXUNK data structure to process.
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VOLTRK character *12 name of therRACKING data structure to process.

LIBNAM character *12 name of theMACROLIB or MICROLIB data structure that contains the macro-
scopic cross sections (see Section$ 3.1 arfd 3.2).

(descitr) structure containing the input data to this module (seei@d8{21.1).

3.21.1 Data input for moduleTR:

Table 84: Structurédescasm)

[ EDIT iprint

[ COND{ NONE ( { icond(g) | energyg) }, g =1, N,)] }

[ MERG COMP NONE MIX (imixt(i), i = 1, N,,,) | REGI (ireg(i),i = 1, N,) } ]
[ TAKE{ MIX (imixt(i),i = 1, N,,,) | REGI (ireg(i), i = 1, N;.) } |

ORIGINE (orpg(i), i = 1,3)

REPERH(rep(i, j),i = 1,3),j = 1,3)

NBMESHNb(i), i = 1, 3)

EDIT keyword used to modify the print levédrint.

iprint index used to control the printing of this module.
NONE see Section 3.9.1.

COND see Section 3.9.1.

icond see Section 3.9.1.

energy see Section 3.9.1.

MERG see Section 3.9.1.

TAKE see Section 3.9.1.

COMP see Section 3.9.1.

MIX see Section 3.9.1.

REGI see Section 3.9.1.

ireg see Section 3.9.1.

imixt see Sectioh 3.9.1.

ORIGINE keyword used to define the absolute origin in space of the cell
orpg array containing the{', Y andZ positions of the origin.

REPERE keyword used to define the three axis direction vectors.
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rep array containing thel, Y andZ components of thé j and; axis vectors.
NBMESH keyword used to define the number of mesh point in each dineédr adjoint weighting.

rep array containing the number of mesh points inthgand; directions.
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4 EXAMPLES

Here we present a few examples of DRAGON input structureséh & way as to clarify and illustrate some
of the options presented in Sect{dn 3.

4.1 Scattering cross sections

In DRAGON, the angular dependence of the scattering crag®oads expressed in a Legendre series expan-
sion of the form:

L
(@) =5 = > B s ip)

=0

Since the Legendre polynomials satisfy the following ogibioality conditions:

L ) dpPy () P (1) = (2215:“11),

we will have

1 27 1
S [ dn [ demone) =2r [ dis R,

Let us now consider the following three groupg¢oup=3) isotropic and linearly anisotropic scattering cross
sections [(=nanisc=2) given by:

I |g E‘Zjl (cm™1) E‘Z?Z (em™h) Eg?d (cm™1)
1 0.90 0.80 0.00
0|2 0.00 0.70 0.60
3 0.00 0.30 0.40
1 0.09 0.05 0.08
112 0.00 0.07 0.06
3 0.03 0.00 0.04

In DRAGON this scattering cross section must be entered as

SCAT 11 0.90
33 030 0.70 0.80
2 3 040 0.60
33 0.03 0.00 0.09
22 0.07 0.05
3 3 0.04 0.06 0.08

4.2 Geometries

In order to illustrate the use of the various geometriesgreesl in Sectioh 313, lets us consider a few examples
that can be treated by DRAGON.

e 1-D Slab geometry (see Figlirel 12):
This geometry can be analyzed using dRMT: andSYBILT: tracking modules:
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PLATE := GEO: :: CAR1D 6
X- VOID X+ ALBE 1.2
MESHX 0.0 0.1 0.3 0.5 0.6 0.8 1.0

SPLITX 2 2 2 1 2 1
MIX 1 2 3 4 5 6;
e 2-D Cartesian geometry containing micro structures (seedigiguré 1B):
This geometry can be analyzed only us®\gBILT: tracking modules:

CARNSG = GEO: :: CAR2D 3 3
X- DIAG X+ REFL Y- SYME Y+ DIAG

CELL C1 C1 cC2

C3 C2
C3
BIHET SPHE 2 2
3 3
0.0 0.1 0.2 0.3 0.0 0.2 0.4 0.5
451104003130201
121231
0 Cl1 = GEO: CAR2D 1 1

MESHX 0.0 1.45 MESHY 0.0 1.45 MIX 4 ;
o C2 := GEO: C1

MIX 1 ;
;.2 C3 := GEO: CARCEL 2

MESHX 0.0 1.45 MESHY 0.0 1.45

RADIUS 0.0 0.6 0.7

MIX 5 2 1;;

e Cylindrical and Cartesian cluster geometry (see Fifute 14)

The first annular geometry, nameéyNPIN, can be analyzed using both theMT: andEXCELT: tracking
modules since the pins in the annular clusters are all ldda¢éween annular regions. For the geometry
ANNSPINthis is no longer the case and only tEBXCELT: tracking module can be used. Similarly, the
CARPIN geometry can be analyzed using both 8RMT:, EXCELT: andNXT: tracking modules. The
geometryCARSPIN which is based o€ARPIN, can only be treated by tHeXCELT: andNXT: tracking
modules since the pins in the clusters intersect the anneggons defined by th8PLITR option. Finally,

for the geometrC AROPIN which is based also based @GARPINcan only be treated by théXT: tracking
modules because some pins are located outside the lasaanegibns in the cell.

ANNPIN := GEO: :: TUBE 3
R+ REFL RADIUS 0.0 0.75 2.75 4.75
MIX 2 1 3
CLUSTER C1 C2
;o C1 := GEO: TUBE 2
MIX 2 4 RADIUS 0.0 0.3 0.6
NPIN 4 RPIN 1.75 APIN 0.523599 ;
. C2 = GEO: C1
NPIN 2 RPIN 3.75 APIN 1.570796 ; ;
ANNSPIN := GEO: ANNPIN ::
SPLITR 388;
CARPIN := GEO: :: CARCEL 3
X- REFL X+ REFL Y- REFL Y+ REFL
MESHX 0.0 10.0
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MESHY -5.0 5.0
RADIUS 0.0 0.75 2.75 4.75
MIX 2 13 3
CLUSTER C1 C2
;. C1 = GEO: TUBE 2
MIX 2 4 RADIUS 0.0 0.3 0.6
NPIN 4 RPIN 1.75 APIN 0.523599
o C2 = GEO: C1

NPIN 2 RPIN 3.75 APIN 1.570796 ; ;

CARSPIN := GEO: CARPIN ::
SPLITR 3 8 8 ;
CAROPIN := GEO: CARPIN ::

RADIUS 0.0 0.75 2.75 2.75 ;

111

Note that even iMESHXandMESHMliffer in CARPIN the annular regions and pins will still be localized
with respect to the center of the cell locatedaty) = (5.0,0.0) cm.

e 2-D hexagonal geometry (see Figliré 15):

This geometry can be analyzed using dRMT:, SYBILT: andEXCELT: tracking modules:

HEXAGON := GEO: :: HEX 12
HBC S30 ALBE 1.6

SIDE 1.3

MIX 111222333456 ;

e 3-D Cartesian supercell (see Figré 16):

This geometry can only be analyzed using B¥CELT: andNXT: tracking modules:

SUPERCELL := GEO: :: CAR3D 4 4 3

X- REFL X+ REFL

Y- REFL Y+ REFL

Z- REFL  Z+ REFL

CELL A1 C1 D1 A3 A2 C2 D2 D2
C3 C3 D3 A4 C4 C4 D4 D4
C3 C3 D3 A4 C4 C4 D4 D4

0 Cl =GEO: CAR3ID 111

A2 C2 C2 C2
C4 C4 C4 C4
C4 C4 C4 C4

MESHX 0.0 1.0 MESHY 0.0 1.5 MESHZ 0.0 2.0

MIX 1;
;2 C2 := GEO: C1 MESHY 0.0 1.0 ;
;2 C3 := GEO: C1 MESHZ 0.0 1.0 ;
;0 C4 = GEO: C2 MESHZ 0.0 1.0 ;
. D1 := GEO: C1 MIX 2 ;
o D2 ;= GEO: C2 MIX 2 ;
. D3 = GEO: C3 MIX 2
o D4 = GEO: C4 MIX 2
0 Al := GEO: CARCELY 2 1

MESHX 0.0 1.0 MESHY 0.0 1.5 MESHZ 0.0 2.0

RADIUS 0.0 0.4 0.45

MIX 3 4 1;
A2 GEO: A1 MESHY 0.0 1.0 ;
i A3 GEO: CARCELZ 2 1

MESHX 0.0 1.0 MESHY 0.0 1.5 MESHZ 0.0 2.0

RADIUS 0.0 0.3 0.35

A2 C2 C2 C2
C4 C4 C4 C4
C4 C4 C4 C4
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MIX 5 6 1;
;o A4 = GEO: A3 MESHZ 0.0 1.0 ; ;

e Multicell geometry in a 2—D hexagonal lattice (see Fidure 17

Here we consider an infinite lattice having two types of cglish that

(Poneey) = (573)

procel(1,1) procel(1,2)\ ([ 0 1
procel(2,1) procel(2,2)) — \1/2 1/2

and

This lattice, can be represented either idait-yourselftype geometryKIEXDIY) or directly HEXDIR):

HEXDIY := GEO: :: GROUP 2
POURCE 0.3333333 0.66666667
PROCEL 0.0 1.0
0.5 0.5
CELL Cl Cc2
;o C1 := GEO: TUBE 1
RADIUS 0.0 1.1822093 MIX 1 ;
;0 C2 = GEO: C1 MIX 2 ; ; HEXDIR = GEO: :: HEX 2
HBC S30 SYME SIDE 1.3 MIX 1 2 ;

The first lattice can only be analyzed usi@8yBILT: andJPMT: while the second lattice can be analyzed

using all the tracking modules of DRAGON excépXT: .

4.3 Macroscopic cross sections examples

The sample test cases we will consider here us®h€: module to enter macroscopic cross sections directly

into DRAGON. They are numbered successively ffo@MO01 to TCM13.

4.3.1 TCMO1 - Annular region

This sample input is used to analyze the annular cell predentFigurd_IB. It uses two groups macroscopic
cross sections provided directly by the user. Two types bftiems are provided here, one with a complete
collision probability calculation%YBILT: ) and one using thd+ method PMT:). Note that for the second
flux calculation the initial flux distribution is taken frorhe existingFLUXUNK structure which already contains

the flux distribution from theSYBILT: calculation.

Input data for test casd:CM01.x2m

F—

L S R

TEST CASE TCMO1
MACROSCOPIC CROSS SECTIONS
FISSION SOURCE PROBLEM

1-D ANNULAR CELL

REF: none

112
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*
* m———
x  Define STRUCTURES and MODULES used
K mm——
LINKED_LIST
MACRO ANGEO TRACK SYS FLUX EDITION ;
SEQ_ASCII
res ;
MODULE
GEO: SYBILT: JPMT: MAC: ASM: FLU: EDI: DELETE: END: ;

K m———

*  Macroscopic XS
* m———
MACRO := MAC: ::
NGRO 2 NMIX 2 NIFI 1
READ INPUT
MIX 1  TOTAL 0.222222 0.833333
SCAT 11 0.19222 2 2 0.75333 0.02
NUSIGF 0.0 0.135 CHI 1.0 0.0
MIX 2  TOTAL 0.166667 1.111111
SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
* m———

* Geometry : ANGEO - Annular 2 regions

K m———

ANGEO := GEO: :: TUBE 2

R+ REFL

RADIUS 0.0 0.19653 1.0

MIX 1 2
SPLITR 1 4 ;

K m———

* Tracking : SYBILT

*  Solution : PIJ

* 1- KEFF WITHOUT BUCKLING

* 2- BUCKLING WITH KEFF=1

* 3- LEAKAGE WITH KEFF=1

K ————

TRACK := SYBILT: ANGEO ::
TITLE 'TCMO01: ANNULAR GEOMETRY WITH MACROSCOPIC XS (SYBIL)
EDIT 1 MAXR 5 QUA1 5 ;

SYS = ASM: MACRO TRACK ;

FLUX := FLU: SYS MACRO TRACK ::
TYPE K ;

EDITION := EDI: FLUX MACRO TRACK ::
EDIT 3 SAVE ;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B BO ;

EDITION := EDI: EDITION FLUX MACRO TRACK :
EDIT 3 SAVE ;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L BO ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
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EDIT 3 SAVE ;

FLUX SYS TRACK := DELETE: FLUX SYS TRACK ;

K ————

*  Tracking : JPMT

*  Solution : ASM

* 1- KEFF WITHOUT BUCKLING

* 2- BUCKLING WITH KEFF=1

* 3- LEAKAGE WITH KEFF=1

K ————

TRACK := JPMT: ANGEO ::
TITLE 'TCMO01: ANNULAR GEOMETRY WITH MACROSCOPIC XS (JPM)
EDIT 1 MAXR 5 IP01 QUA1 5 ;

SYS = ASM: MACRO TRACK ::
ARM ;

FLUX = FLU: SYS MACRO TRACK ::
TYPE K ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 SAVE STAT ALL REFE 1 ;

FLUX = FLU: FLUX SYS MACRO TRACK ::
TYPE B BO PNL EXTE 5.0E-5 ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 SAVE STAT ALL REFE 2 ;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L BO ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 SAVE STAT ALL REFE 3 ;

FLUX SYS := DELETE: FLUX SYS ;

* mm——

*  Tracking : JPMT

*  Solution : PIJ

* 1- KEFF WITHOUT BUCKLING

* 2- BUCKLING WITH KEFF=1

* 3- LEAKAGE WITH KEFF=1

* m———

SYS = ASM: MACRO TRACK ;

FLUX = FLU: SYS MACRO TRACK ::
TYPE K ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 SAVE STAT ALL REFE 4

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B BO ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 SAVE STAT ALL REFE 5 ;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L BO ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 SAVE STAT ALL REFE 6 ;

res := EDITION ;

END: ;

QUIT "LIST" .
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4.3.2 TCMO2 — The Stankovski test case

This test case represents a one group calculatiorifatk & PWR assembly. The reaction rates obtained from
DRAGON can be compared with those obtained using the MARSY@&:18 188 The corresponding geometry
is shown in Figur€l9 where the cell numbers generated by DB@re shown.

Input data for test casd:CM02.x2m

* m———

TEST CASE TCMO2
MACROSCOPIC CROSS SECTIONS
FIXED SOURCE PROBLEM

FOR 1/8 7X7 PWR ASSEMBLY

REF: Z. Stankovski, Nucl. Sci. Eng. 92, 255 (1986)
R. Roy et al. Advances in Mathematics, Computation
and Reactor Physics, April 28 - May 2 1991, Pittsburgh

L I D R T

F—

*  Define STRUCTURES and MODULES used
K mm——
LINKED_LIST

PWR TRACK MACRO SYS FLUX EDITION ;
SEQ_BINARY

PWRTRK ;
MODULE

GEO: EXCELT: MAC: ASM: FLU: EDI: END: DELETE: ;

K m———

* Macroscopic XS

* m———

MACRO := MAC: :
NGRO 1 NMIX 3
READ INPUT
MIX 1 TOTAL 1.250 SCAT 1 1 1.242 FIXE 1.000
MIX 2 TOTAL 0.625 SCAT 1 1 0.355 FIXE 0.000
MIX 3 TOTAL 14.000 SCAT 1 1 0.000 FIXE 0.000

K m———

*  Geometry : PWR - Cartesian 4X4
*  Tracking : EXCELT
* m———
PWR = GEO: :: CAR2D 4 4
X- DIAG X+ REFL Y- SYME Y+ DIAG
CELL P F F F
FFF
F F
F
i F = GEO: CARCEL 1
RADIUS 0.000 0.450 MIX 2 1
MESHX -0.625 0.625 SPLITX 2
MESHY -0.625 0.625 SPLITY 2
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o P = GEO: F
MIX 3 1 SPLITR 3

TRACK PWRTRK := EXCELT: PWR ::
TITLE 'TCMO02: STANKOVSKI PWR ASSEMBLY’
MAXR 58 CUT 1.E-4 TRAK TSPC 12 8.0

K m———

*  Solution : FIXED SOURCE PROBLEM

* Editing : Absorption rates taken from STANKOVSKI
* cell 1 = 0.83799 0.00689 cell 2 = 0.73979 0.03571
* cell 3 = 0.82218 0.03991 cell 4 = 0.85166 0.04104
* cell 5 = 0.78722 0.03824 cell 6 = 1.67049 0.08092
* cell 7 = 1.71199 0.08252 cell 8 = 0.85350 0.04120
* cell 9 = 1.72122 0.08328 cell 10= 0.86023 0.04174

* NOTE: There is a factor 4.0 with the EDI: results of DRAGON

F—

SYS = ASM: MACRO TRACK PWRTRK :: ;

FLUX := FLU: SYS MACRO TRACK ::
TYPE S ;

EDITION := EDI: FLUX MACRO TRACK ::
EDIT 2 SAVE

MERGE REGION 1 1 1 2 3 4 3 4 5 6 5 6 7 8 7 8
910 910 9 10 11 12 11 12 11 12 11 12 13 14 13 14 13 14 13 14
15 16 15 16 15 16 17 18 17 18 17 18 17 18

19 20 19 20 19 20

PWRTRK := DELETE: PWRTRK ;
END: ;
QUIT "LIST" .

4.3.3 TCMO03 — Watanabe and Maynard problem with a void region

This test case is a one group problem with a central void re@@ee FigurE20). This benchmark was first pro-
posed by Watanabe and Maynard. Akroyd and Riyait used itatyaa the performance of various cod&s987]

Input data for test casd:CM03.x2m

K m———

TEST CASE TCMO03
MACROSCOPIC CROSS SECTIONS
FIXED SOURCE PROBLEM
CARTESIAN 3 X 3 ASSEMBLY

REF: Akroyd and Riyait, Ann. Nucl. Energy 16, 1 (1989)
R. Roy et al. Advances in Mathematics, Computation
and Reactor Physics, April 28 - May 2 1991, Pittsburgh
R. Roy, Ann. Nucl. Energy 18, 511 (1991)

L T . R R S
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*  Define STRUCTURES and MODULES used
* m———
LINKED_LIST
WATA WAT08 WAT16 WAT24 TRACK MACRO SYS FLUX EDITION ;
SEQ_BINARY
WATATRK ;
MODULE
GEO: EXCELT: MAC: ASM: FLU: EDI: DELETE: END: ;

K m———

* Macroscopic XS
K m———
MACRO := MAC: :
NGRO 1 NMIX 3
READ INPUT
MIX 1 TOTAL 0.2 SCAT 1 1 0.19 FIXE 6.4
MIX 2 TOTAL 0.2 SCAT 1 1 0.19
MIX 3 TOTAL 0.0 SCAT 1 1 0.00

F—

* Geometry : WATA - 3 X 3 REGIONS

* WAT08 - 8 X 8 REGIONS
* WAT16 - 16 X 16 REGIONS
* WAT24 - 24 X 24 REGIONS

*

Tracking : EXCELT
WATA = GEO: :: CAR2D 3 3
X- DIAG X+ VOID Y- REFL Y+ DIAG
MESHX 0.00 1.25 5.00 10.00 MESHY 0.00 1.25 5.00 10.00
MIX 1 3 2
3 2
2

WATO08 := GEO: WATA ::
SPLITX 1 3 4 SPLITY 1 3 4

WAT16 = GEO: WATA :
SPLITX 2 6 8 SPLITY 2 6 8

WAT24 = GEO: WATA :
SPLITX 3 9 12 SPLITY 3 9 12

K m———

*  Tracking : EXCELT - WATO08

*  Solution : FIXED SOURCE PROBLEM

* Editing : 1- UPPER QUADRANT FLUX

* 2- FLUX AT X=5.625CM

K ————

TRACK WATATRK := EXCELT: WATO08 ::
TITLE 'TCM03: WATANABE-MAYNARD 8X8 ’
MAXR 300 CUT 1.E-4 TRAK TSPC 12 4.0

SYS = ASM: MACRO TRACK WATATRK ::
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SKIP

FLUX := FLU: SYS MACRO TRACK ::
TYPE S THER 1.E-6 100 EXTE 1.E-6 100

EDITION := EDI: FLUX MACRO TRACK ::

EDIT 2 SAVE
MERGE REGION
0O 0 0O 0O 0 0 OO
0O 0 0O 00 0O
0 0 0 0 0 O
0O O 0 O O
1 2 3 4
5 6 7
8 9
10
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE
MERGE REGION
0O 0 00O 1 0 0O
0O 0 0o 2 0 0O
0 0 3 0 0 O
0O 4 0 0 O
5 6 7 8
0 0 O
0 O
0

TRACK WATATRK SYS FLUX := DELETE: TRACK WATATRK SYS FLUX ;
K m———

*  Tracking : EXCELT - WAT16

*  Solution : FIXED SOURCE PROBLEM

* Editing : 1- UPPER QUADRANT FLUX

* 2- FLUX AT X=5.625CM

K m———

TRACK WATATRK := EXCELT: WAT16 ::
TITLE 'TCM03: WATANABE-MAYNARD 16X16 ’
MAXR 300 CUT 1.E-4 TRAK TSPC 12 8.0

SYS = ASM: MACRO TRACK WATATRK ::
SKIP

FLUX := FLU: SYS MACRO TRACK ::
TYPE S THER 1.E-6 100 EXTE 1.E-6 100

EDITION := EDI: EDITION FLUX MACRO TRACK ::

EDIT 2 SAVE

MERGE REGION

0oo0o0oo0oo0000 O O O O O OOTPO
0oooo0oo000 O O O O OO OGO
000000 O O O O O O OO
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00000 O O O O OO OTFDO
0000 OO O O OOTUOTPOO
000 0 0O O 0O O O 0 O
00 0 0 0 0O 0O 0 O O
0O 0o 0o 00 0O O OTPO
11 2 2 3 3 4 4
1 2 2 3 3 4 4
5 5 6 6 7 7
5 6 6 7 7
8 8 9 9
8 9 9
10 10

10

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE

MERGE REGION
00000O0CO
0000
000
00
0

[cRecNeoNeNa)

e leR=R=k=X=)
o~ UAWNRE

0
0
0
0
0
0
0
0

0O0O0OO0O0O0O0O0O0

m\jm(ﬂ#WI\)l—‘
coo0O0O0O0O0O0
cooO0O0O0OO
cooooo0O0O0
coo0O0O0O0O0O0
o000 O0O0O0

9 10 12 13 14 15 16 17
11 12 13 14 15 16 17
0O 0 0 O

0 O

0

oo o
cooooo
oOoo0oo0ooo

TRACK WATATRK SYS FLUX := DELETE: TRACK WATATRK SYS FLUX ;
K ————

*  Tracking : EXCELT - WAT24

*  Solution : FIXED SOURCE PROBLEM

* Editing : 1- UPPER QUADRANT FLUX

* 2- FLUX AT X=5.625CM

K m———

TRACK WATATRK = EXCELT: WAT24 ::
TITLE 'TCM03: WATANABE-MAYNARD 24X24
MAXR 300 CUT 1.E-4 TRAK TSPC 12 12.0

SYS = ASM: MACRO TRACK WATATRK ::
SKIP

FLUX := FLU: SYS MACRO TRACK ::
TYPE S THER 1.E-6 100 EXTE 1.E-6 100
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EDITION FLUX MACRO TRACK ::

EDI:

EDIT 2 SAVE
MERGE REGION

EDITION :

ooooooo0o00000 O OO O OO OOTOTUOTGOTPO OO

0ooooooo00000 0O O O O O O OOOOTOTPOO

0ooooo0o0o00000 O O O O O OOOO OO OUOTDWO

0oo0ooo00000O O O O O OOOOUOTUOTGOTGO O

0ooooo0oo000 O O O O OOOUOUOUOU OTPQOO

oooooo0oo0 0 0 0O OO OO O0OOUOTUOTDWO

0ooooo0o0 0 0 0O OO OO O OOTUOTPO

00000 O O O OO O O OOOTU OTOO

0000 O O O OO OO OOTUOT OGO

000 O O O OO OOOOOTUO OTPO

00 0 0 0O OO OO OOOTUO OTDO

0 0 OO0 00 0 0O 0O 0 0O

0O 0o 0O OO OO O OO0OTOTPO

10 0 2 0 0 3 0 0 4 0

0O 0 0O0OOO0O O O O0DO

0O 0 OO0 0O 0 0 O

5 0 0 6 0 0 7 O

0 0 0 00 0O

0O 0 0O OO O

8 0 0 9 0

oo oo
o OO
—

o o

EDITION :

EDITION FLUX MACRO TRACK ::

= EDL:
EDIT 2 SAVE
MERGE REGION

ooooooo0o00000 O 1 O OO O O OOUOTGOTPO O

oooooo0o00000 O 2 0 0O OO OOOTUO0OTGO0OTGOO

0ooooo0oo0o0000 O 3 0 000 O OO0OO0ODOUO0OTPO

0oo0o0oo0oo0000O0O O 4 0 O OO O OOOTUOTGOO

00000000 O 5 0 0 O O O O O O 0 O

0000000 O 6 0 0 0O OO O OO0 O0@DO

ooooo0oo0 0o 7 0 0O OO OO OOUOTPWO

0oooo0oo0 0 8 0 0O 0O 00O OO0 O0OO00O0

0000 O 9 0 000 0 0 0 00O

000 010 0 0O O OO O OO OTPDO

00 0112 0 0 O O O OO O O O

0 012 0 0 0 0 0O O OO OO

013 0 0 0 0O OO O O OO

14 15 16 17 18 19 20 21 22 23 24

0O 0 0O 0O OO 0 0 O0 O

0O 0 0O 00O 0O 0 0O

0 0 0 OO OO O

0 0 0O 0O0O OO

0O 0 0O OO O

0O 0 0 0O

0 0 0 O
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cNoNe]

WATATRK := DELETE: WATATRK ;
END: ;
QUIT "LIST" .

4.3.4 TCMO04 — Adjuster rod in a CANDU type supercell

This test case represents a two group calculation of inan&aheross sections resulting from the insertion of
stainless steel adjuster rods in a CANDU-6 supercell (sger&iz21).

Input data for test casd:CM04.x2m

F—

* TEST CASE TCMO04

*  MACROSCOPIC CROSS SECTIONS

* FISSION SOURCE PROBLEM

* CANDU 3-D ADJUSTER ROD 1/8-ASSEMBLY
*

*

*

REF: none

x  Define STRUCTURES and MODULES used

F—

LINKED_LIST
BC TRACK MACRO SYS FLUX EDITION
TRACK2 SYS2 FLUX2 EDITION2 ;
SEQ_BINARY
BCTRK ;
MODULE

GEO: EXCELT: EXCELL: MAC: ASM: FLU: EDI: DELETE: END: ;

K m———

* Macroscopic XS

* mm——

MACRO := MAC: ::
NGRO 2 NMIX 4 NIFI 1

READ INPUT

MIX 1 TOTAL 3.22798014E-1 3.81341100E-1
NUSIGF 5.46564534E-3 7.17375278E-2
CHI 1.0 0.0

SCAT 2 2 3.13575147E-4 3.11233580E-1

2 2 3.24143648E-1 2.19577667E-3

MIX 2 TOTAL 1.49818063E-1 1.59792125E-1
SCAT 2 2 7.40572286E-5 1.47693634E-1

2 2 1.57371104E-1 1.30506000E-3

MIX 3 TOTAL 2.60458171E-1 3.77224326E-1
SCAT 2 2 5.98954648E-5 2.49342978E-1

2 2 3.77127469E-1 1.11155845E-2

MIX 4 TOTAL 2.60458171E-1 3.77224326E-1
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SCAT 2 2 5.98954648E-5 2.49342978E-1

K m———

*

*

*

Geometry : BC - 3D Cartesian assembly with annular regions

2 2 3.77127469E-1 1.11155845E-2

Tracking : 1) EXCELT

F—

BC

2) EXCELL (includes ASM and does not require track file)

X- REFL X+ SYME Y-
CELL M
TURN A A A F

= GEO: :: CAR3D 3 2 2

MX  MX MX FEXY MXY
A A

oM = GEO: CAR3AID 1 11

MESHX 0.0 7.14375 MESHY 0.0 7.14375 MESHZ -8.25500 +8.25500

SPLITZ 2 MIX 3

o MX = GEO: M

MESHX -7.14375 +7.14375 SPLITX

o MXY = GEO: MX

MESHY -7.14375 +7.14375 SPLITY

i BX := GEO: CARCELY 2 1

MESHX -7.14375 +7.14375 SPLITX

MESHY 0.0 +7.14375
MESHZ -8.25500 +8.25500 SPLITZ
RADIUS 0.0 3.5100 3.8100

MIX 3 4 3

o BXY = GEO: BX

MESHY -7.14375 +7.14375 SPLITY

o FXY = GEO: CARCELZ 2 1

MESHX -7.14375 +7.14375 SPLITX
MESHY -7.14375 +7.14375 SPLITY
MESHZ -8.25500 +8.25500 SPLITZ
RADIUS 0.0 5.16890 6.58750

MIX 1 2 3

TRACK BCTRK := EXCELT: BC ::

SYS = ASM: MACRO TRACK BCTRK :: ;

TITLE 'TCM04: TWO GROUPS CANDU 3-D ADJUSTER ROD ASSEMBLY '’

MAXR 40 TRAK TISO 4 2.5

A

N

SYS2 TRACK2 := EXCELL: BC MACRO ::

TITLE 'TCM04: TWO GROUPS CANDU 3-D ADJUSTER ROD ASSEMBLY '’

MAXR 40 TRAK NORM TISO 4 2.5

F—

*

*

Solution : K-EFFECTIVE

Editing

M

. Compute reference reaction rates

A

A F

REFL Y+ SYME Z- REFL Z+ SYME
MX BX MX FXY BXY

A

A

122
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F—

FLUX := FLU: SYS MACRO TRACK ::
TYPE K

EDITION := EDI: FLUX MACRO TRACK ::
EDIT 3 UPS MERG COMP SAVE ON 'NOROD’

FLUX := FLU: FLUX SYS2 MACRO TRACK2 ::
TYPE K

EDITION := EDI: EDITION FLUX MACRO TRACK2 ::
EDIT 3 UPS MERG COMP STAT ALL REFE 'NOROD’

EDITION2 := EDI: FLUX MACRO TRACK2 :
EDIT 3 UPS MERG COMP SAVE ON 'NOROD’

SYS SYS2 TRACK2 := DELETE: SYS SYS2 TRACK?2 ;
* mm——
*  Modify Macrolib for adjuster rod material
*  Solution : K-EFFECTIVE
* Editing : Compute Delta-Sigma
* m———
MACRO := MAC: MACRO :
READ INPUT
MIX 4 TOTAL 6.96358740E-1 1.12379551E+0
SCAT 2 2 2.55611958E-4 6.77430272E-1
2 2 9.55488145E-1 3.16311372E-3

SYS = ASM: MACRO TRACK BCTRK ::

SYS2 TRACK2 := EXCELL: BC MACRO ::
TITLE 'TCM04: TWO GROUPS CANDU 3-D ADJUSTER ROD ASSEMBLY '’
MAXR 40 TRAK NORM TISO 4 2.5

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE K

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 UPS MERG COMP STAT DELS REFE 'NOROD’

FLUX := FLU: FLUX SYS2 MACRO TRACK2 :
TYPE K

EDITION2 := EDI: EDITION2 FLUX MACRO TRACK2 ::
EDIT 3 UPS MERG COMP STAT DELS REFE 'NOROD’

BCTRK := DELETE: BCTRK ;
END: ;
QUIT "LIST" .
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4.3.5 TCMO05 — Comparison of leakage models

This test presents various homogeneous and heterogeresagé models on a simple cell (see Figuiel€®B).

Input data for test cas@:CM05.x2m

K m———

TEST CASE TCMO05
MACROSCOPIC CROSS SECTIONS
FISSION SOURCE PROBLEM
2-D CARTESIAN/ANNULAR CELL
Validating leakage options
TYPE K B L FOR MOSTELC (NO VOID)
TYPE K B L FOR MOSTELCV (MOSTELC WITH VOID)

L T T N

K m———

x  Define STRUCTURES and MODULES used
* m———
LINKED_LIST
MOSTELC MOSTELCV TRACK MACRO SYS FLUX EDITION ;
SEQ_BINARY
TRKSPC ;
MODULE
GEO: EXCELT: MAC: ASM: FLU: EDI: DELETE: END: ;

F—

* Macroscopic XS
MACRO := MAC: :
NGRO 2 ANIS 2 NMIX 2 NIFI 1
READ INPUT
MIX 1 TOTAL 0.222222 0.833333
SCAT 11 0.19222 2 2 0.75333 0.02
11 01 22 05 0.01
NUSIGF 0.0 0.135 CHI 1.0 0.0
MIX 2  TOTAL 0.166667 1.111111
SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.04
2 2 0.0001 0.1 22 05 0.01

K m———

*  Geometry : MOSTELC - Cartesian 2D cell without void region
* MOSTELCV - Cartesian 2D cell with void region
MOSTELC := GEO: :: CARCEL 2
X- REFL X+ REFL Y- REFL Y+ REFL
MESHX 0.0 1.26209 MESHY 0.0 1.26209
RADIUS 0.0 0.39306 0.45802 SPLITR 2 1
MIX 122 ;
MOSTELCV := GEO: MOSTELC ::
MIX 102 ;
* m———
*  Tracking : EXCELT - MOSTELC
* ANIS 2 for adequate dimensions in PIJK



IGE-174 Rev. 13 (Release 3.060) 125

*  Solution : TYPE K, B or L

+ Leakage : B1 PNL, B1 HETE

K ————

TRACK TRKSPC := EXCELT: MOSTELC ::
TITLE 'TCMO05: ANNULAR GEOMETRY WITH MACROSCOPIC XS’
MAXR 5 ANIS 2 TRAK TISO 12 20.0 ;

SYS = ASM: MACRO TRACK TRKSPC ::

PIIK

FLUX := FLU: SYS MACRO TRACK ::
TYPE K ;

EDITION := EDI: FLUX MACRO TRACK :
EDIT 2 SAVE ;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE K B1 PNL BUCK 1.51429E-03 ;

EDITION := EDI: EDITION FLUX MACRO TRACK :
EDIT 2 SAVE ;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B B1 PNL KEFF 1.199538 ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ,;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B B1 PNL ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L B1 PNL ;

EDITION := EDI: EDITION FLUX MACRO TRACK :

EDIT 2 SAVE ;
FLUX := DELETE: FLUX ;
FLUX := FLU: SYS MACRO TRACK ::

TYPE K B1 HETE BUCK 1.50298E-03 ;
EDITION := EDI: EDITION FLUX MACRO TRACK :
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B B1 HETE KEFF 1.199538 ;
EDITION := EDI: EDITION FLUX MACRO TRACK :
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B B1 HETE R BUCK Z 5.00993E-04 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ,;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B B1 HETE Z BUCK R 1.001986E-03 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B Bl HETE ;
EDITION := EDI: EDITION FLUX MACRO TRACK :
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L B1 HETE R BUCK Z 5.00993E-04 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
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EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L B1 HETE Z BUCK R 1.001986E-03 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L Bl HETE ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
FLUX SYS := DELETE: FLUX SYS ;
K ————
*  Tracking : EXCELT - MOSTELCV only update TRACK TRKSPC files
* since only change is in one material
*  Solution : TYPE K, B or L
* Leakage : B1 PNL, B1 HETE
K ————
TRACK TRKSPC := EXCELT: TRACK TRKSPC MOSTELCV ::
TITLE 'TCMO05: ANNULAR GEOMETRY WITH MACROSCOPIC XS (VOID);
SYS = ASM: MACRO TRACK TRKSPC ::

PIIK

FLUX := FLU: SYS MACRO TRACK ::
TYPE K ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE K B1 PNL BUCK 1.40181E-03 ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B B1 PNL KEFF 1.228007 ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ,;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B B1 PNL ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ,;

FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L B1 PNL ;

EDITION := EDI: EDITION FLUX MACRO TRACK ::

EDIT 2 SAVE ;
FLUX := DELETE: FLUX ;
FLUX := FLU: SYS MACRO TRACK ::

TYPE K B1 HETE BUCK 1.40181E-03 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B Bl HETE KEFF 1.228007 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B B1 HETE R BUCK Z 5.00993E-04 ;
EDITION := EDI: EDITION FLUX MACRO TRACK :
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EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B B1 HETE Z BUCK R 1.001986E-03 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE B Bl HETE ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L B1 HETE R BUCK Z 5.00993E-04 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L B1 HETE Z BUCK R 1.001986E-03 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L B1 HETE ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 2 SAVE ;
TRKSPC := DELETE: TRKSPC ;
END: ;
QUIT "LIST" .

4.3.6 TCMO6 — Buckling search without fission source

This test is for an homogeneous water cell. A buckling eigére problem is solved in the absence of fission
source for the neutron flux distribution inside this cell.

Input data for test casd:CM06.x2m

* TEST CASE TCMO06

*  MACROSCOPIC CROSS SECTIONS

*  BUCKLING SEARCH PROBLEM WITHOUT FISSION SOURCE
*  HOMOGENEOUS GEOMETRY

REF: none

x  Define STRUCTURES and MODULES used
K mm——
LINKED_LIST
WATER TRACK MACRO SYS FLUX EDITION ;
MODULE
GEO: SYBILT: MAC: ASM: FLU: EDI: END: ;

F—

*  Macroscopic XS

K m———

MACRO := MAC: :
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EDIT 2 NGRO 1 ANIS 2 NMIX 1 NIFI O
READ INPUT
MIX 1 TOTAL 3.59 SCAT 1 1 357 1 1 2.38

K m———

* Geometry : WATER - Homogeneous geometry
*  Tracking : SYBILT
P
WATER := GEO: :: HOMOGE
MIX 1

TRACK := SYBILT: WATER ::
TITLE 'TCM06: ENE6101 EXAM’
MAXR 1

K m———

x  Solution : TYPE L
*+ Leakage : BO PNL, PO PNL, B1 PNL, P1 PNL

F—

SYS = ASM: MACRO TRACK :: ;
FLUX := FLU: SYS MACRO TRACK ::
TYPE L BO SIGS EXTE 5 1.0E-5 BUCK -0.07 ;
EDITION := EDI: FLUX MACRO TRACK ::
EDIT 3 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L PO SIGS EXTE 5 1.0E-5 BUCK -0.07 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L B1 SIGS EXTE 5 1.0E-5 BUCK -0.07 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 SAVE ;
FLUX := FLU: FLUX SYS MACRO TRACK ::
TYPE L P1 SIGS EXTE 5 1.0E-5 BUCK -0.07 ;
EDITION := EDI: EDITION FLUX MACRO TRACK ::
EDIT 3 SAVE ;
END: ;
QUIT "LIST" .

4.3.7 TCMO7 — Test of boundary conditions

This test is for a 2—-D Cartesian cell with reflective and vaadibdary conditions.

Input data for test casd:CMO07.x2m

F—

* TEST CASE TCMO7
MACROSCOPIC CROSS SECTIONS
FISSION SOURCE PROBLEM

2-D CARTESIAN CELL

* % X %

REFLECTIVE AND VOID BOUNDARY CONDITIONS
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*

* REF: none

K m———

x  Define STRUCTURES and MODULES used
K ————
LINKED_LIST
MACRO LATGEOR LATREGR SYSR FLUXR EDITR
LATGEOV LATREGV SYSV FLUXV EDITV ;
SEQ_BINARY
TRKR TRKV ;
MODULE
MAC: GEO: EXCELT: ASM: FLU: EDI: DELETE: END: ;

F—

* Macroscopic XS
K ————
MACRO := MAC: :
NGRO 1 NMIX 2 NIFI 1
READ INPUT
MIX 1 TOTAL 0.75 SCAT 1 1 0.50 NUSIGF 1.00 CHI 1.0
MIX 2 TOTAL 0.75 SCAT 1 1 0.50

F—

* Geometry : LATGEOR - Cartesian 2D with reflection BC
* LATGEOR - Cartesian 2D with void BC
*  Tracking : EXCELT
K ————
LATGEOR := GEO: :: CAR2D 2 2
X- REFL X+ REFL MESHX 0.00 1.0 2.00 SPLITX 4 4
Y- REFL Y+ REFL MESHY 0.00 1.0 2.00 SPLITY 4 4
MIX 1 2 2 2 ;
LATGEOV := GEO: LATGEOR
X- VOID X+ VOID Y- VOID Y+ VOID ;
LATREGR TRKR := EXCELT: LATGEOR ::
TITLE 'LATHROP =+ P1 ANISOTROPE '’
MAXR 64 TRAK TISO 49 20.0 ;
LATREGV TRKV := EXCELT: LATGEOV ::
TITLE 'LATHROP #+ P1 ANISOTROPE '’
MAXR 64 TRAK TISO 49 20.0 ;

F—

*  Solution : TYPE K

K mm——

SYSR := ASM: MACRO LATREGR TRKR :: ;

FLUXR = FLU: SYSR MACRO LATREGR ::
TYPE K ACCE 3 0 ;

EDITR := EDI: FLUXR MACRO LATREGR ::
EDIT 1 ;

SYSV = ASM: MACRO LATREGV TRKV :: ;

FLUXV = FLU: SYSV MACRO LATREGV ::
TYPE K ACCE 3 0 ;

EDITV := EDI: FLUXV MACRO LATREGV ::
EDIT 1 ;

LATGEOR LATREGR SYSR FLUXR EDITR TRKR
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LATGEOV LATREGV SYSV FLUXV EDITV TRKV := DELETE:
LATGEOR LATREGR SYSR FLUXR EDITR TRKR
LATGEOV LATREGV SYSV FLUXV EDITV TRKV ;
MACRO := DELETE: MACRO ;
END: ;
QUIT "LIST" .

4.3.8 TCMO08 — Fixed source problem with fission

This test is for a 2—D Cartesian cell that contains both adfisand a fixed source.

Input data for test casd:CM08.x2m

F—

TEST CASE TCMO08

MACROSCOPIC CROSS SECTIONS

FIXED SOURCE PROBLEM WITH FISSILE MATERIAL
FOR 1/8 7X7 PWR ASSEMBLY

REF: TCMO02

F—

x  Define STRUCTURES and MODULES used
K mm——
LINKED_LIST

PWRF TRACF SYSF FLUXF EDITF PWRS TRACS SYSS FLUXS EDITS MACRO
SEQ_BINARY

PWRTRKF PWRTRKS ;
MODULE

GEO: EXCELT: MAC: ASM: FLU: EDI: DELETE: END: ;

s
F—

* Macroscopic XS

F—

MACRO = MAC:
NGRO 1 NMIX 4 NIFI 1
READ INPUT

MIX 1 TOTAL 1.250 SCAT 1 1 1.242
NUSIGF 0.15 CHI 1.0

MIX 2 TOTAL 0.625 SCAT 1 1 0.355
FIXE 0.000

MIX 3 TOTAL 14.000 SCAT 1 1 0.000
FIXE 1.000

MIX 4 TOTAL 1.250 SCAT 1 1 1.242
FIXE 0.000

K m———

*  Geometry : PWRF - Cartesian 2D assembly with fission
* PWRS - Cartesian 2D assembly without fission
*  Tracking : EXCELT
K ————
PWRF = GEO: o CAR2D 4 4
X- DIAG X+ REFL Y- SYME Y+ DIAG



IGE-174 Rev. 13 (Release 3.060) 131

CELL P FF
FF
F

M T T

;0 F = GEO: CARCEL 1

RADIUS 0.000 0.450

MIX 2 1

MESHX -0.625 0.625 SPLITX 2

MESHY -0.625 0.625 SPLITY 2 ;
o P = GEO: F

MIX 3 1

SPLITR 3 ;

PWRS = GEO: ;. CAR2D 4 4
X- DIAG X+ REFL Y- SYME Y+ DIAG
CELL PFFF

FFF
FF
F
0 F = GEO: CARCEL 1
RADIUS 0.000 0.450
MIX 2 4
MESHX -0.625 0.625 SPLITX 2
MESHY -0.625 0.625 SPLITY 2 ;
o P = GEO: F
MIX 3 4
SPLITR 3 ;

TRACF PWRTRKF := EXCELT: PWRF
TITLE 'TCMO08: STANKOVSKI PWR ASSEMBLY’
MAXR 58 TRAK TISO 12 8.0 ;
SYSF := ASM: MACRO TRACF PWRTRKF :: ;
TRACS PWRTRKS := EXCELT: PWRS
TITLE 'TCMO08: STANKOVSKI PWR ASSEMBLY’
MAXR 58 TRAK TISO 12 8.0 ;
SYSS = ASM: MACRO TRACS PWRTRKS :: ;
K mm——
*  Solution : TYPE K to test if k < 1.0
* TYPE S to include fixed source
* m———
FLUXF := FLU: SYSF MACRO TRACF ::
TYPE K ;
EDITF := EDI: FLUXF MACRO TRACF ::
EDIT 2 SAVE
MERGE REGION
1 11 2 3 4 3 45 6 5 6 7 8 7 8
910 910 9 10 11 12 11 12 11 12 11 12 13 14 13 14 13 14 13 14
15 16 15 16 15 16 17 18 17 18 17 18 17 18
19 20 19 20 19 20 ;
EDITF := DELETE: EDITF ;

F—

* SINCE KEFF <1 DO FIXED SOURCE PROBLEM
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* (FIXED AND FISSION SOURCES TAKEN INTO ACCOUNT)
* m———
FLUXF := FLU: FLUXF SYSF MACRO TRACF ::
TYPE S ;
EDITF := EDI: FLUXF MACRO TRACF ::
EDIT 2 SAVE
MERGE REGION
111 2 3 4 3 45 6 5 6 7 8 7 8
910 910 9 10 11 12 11 12 11 12 11 12 13 14 13 14 13 14 13 14
15 16 15 16 15 16 17 18 17 18 17 18 17 18
19 20 19 20 19 20 ;
* m———
*  Solution : TYPE S only since no fission
K ————
*
* |F KEFF < 1 DO FIXED SOURCE PROBLEM PROBLEM
* (FIXED AND FISSION SOURCES TAKEN INTO ACCOUNT)
*
FLUXS := FLU: SYSS MACRO TRACS ::
TYPE S ;
EDITS := EDI: FLUXS MACRO TRACS ::
EDIT 2 SAVE
MERGE REGION
111 2 3 4 3 45 6 5 6 7 8 7 8
910 910 9 10 11 12 11 12 11 12 11 12 13 14 13 14 13 14 13 14
15 16 15 16 15 16 17 18 17 18 17 18 17 18
19 20 19 20 19 20 ;
PWRTRKS PWRTRKF := DELETE: PWRTRKS PWRTRKF ;
END: ;
QUIT "LIST" .

4.3.9 TCMO09 - Solution of a 2-D fission source problem using KieCC. module

This test case is for & x 3 Cartesian assembly in 2-D similar to TCMO03. It is solved gdihe method of
cyclic characteristics.

Input data for test casd:CM09.x2m

K m———

* TEST CASE TCMO09

* MACROSCOPIC CROSS SECTIONS

* FIXED SOURCE PROBLEM

* CARTESIAN 3 X 3 ASSEMBLY

* WATANABE-MAYNARD PROBLEM SIMILAR TO TCMO03
*

* REF: R. Roy, "The Cyclic Characteristics Method,"

* Int. Conf. Physics of Nuclear Science and Technology,
* Long Island, NY, October 1998, pp. 407-414.

K ————

*

LINKED_LIST WATA WAT24 TRACK MACRO FLUX EDITION ;
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SEQ_BINARY WATATRK ;
STRING PolarAng := "CACB" ;
MODULE GEO: EXCELT: MAC: MOCC: EDI:
* MACROSCOPIC CROSS SECTIONS
MACRO := MAC: :
NGRO 1 NMIX 3
READ INPUT

MIX 1 TOTAL 0.2 SCAT 1 1 0.19 FIXE 6.4
MIX 2 TOTAL 0.2 SCAT 1 1 0.19
MIX 3 TOTAL 0.0 SCAT 1 1 0.00 ;
* GEOMETRIES ENTERED WITH SYMMETRIES
* WAT24 - 24 X 24 REGIONS
WATA = GEO: :: CAR2D 3 3
X- DIAG X+ VOID
MESHX 0.00 1.25 5.00 10.00
Y- REFL Y+ DIAG

MESHY 0.00 1.25 5.00 10.00

DELETE: END: ;

MIX 1 3 2
3 2
2

WAT24 = GEO: WATA
SPLITX 3 9 12
SPLITY 3 9 12

* SOLUTION FOR WAT24

TRACK WATATRK := EXCELT: WAT24 ::

TITLE 'TCM03: WATANABE-MAYNARD 24X24
MAXR 300
TRAK TSPC 12 12.0 ;
FLUX := MOCC: MACRO TRACK WATATRK ::
<<PolarAng>> TYPE S THER 1.E-6 100 EXTE 1.E-6 100 ;
* UPPER QUADRANT FLUX FOR 24X24
* RESULTS GIVEN IN TABLE 1. (ref. p. 411 )

EDITION := EDI: FLUX MACRO TRACK ::
EDIT 2 SAVE

MERGE REGION

ooooooo0oo0o00000 O O O O O OOOUOUOTU OTFO
ooooooo00000 O O O O OOOUOU OO OO OTOO
0000000000 O OO O OOOU OO OO OTG OO

Oooo0o00O0O0O0OO O O O O OOUOUOOTG OTU ODOO
00000000 O O O OOOUOUOO OO OUGODW
ooooooo0 o0 0 O O O O OOTGOUOTUOSFPOO

oooooo 0 0O O O OO OOOUOTOTPOO
00000 O O O OO OO O OO0OTUO0OTPO
o000 O O O O OO O OOTUOTGODO
000 O O O 0 0O O O O 0O 0 0O
oo 0 0 0 0 0 0 0 0O OO O O

O 0 0 0 0 0O 0 0 0O 0 0 o0 o0

0 0 0O 0OOOO O O O0O0O0TUDO

1 0 0 2 00 3 00 40

0O 0 00O 0O 0 OO OO

0O 0 000 0O 0 0O
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5 0 0 6 0 0 7 O

0 0 OO O OO

0O 0 0 0 0O

8 0 0 9 0

oo oo
o O o
—

o o

5.625CM FOR 24X24

* FLUX AT X
EDITION :

EDITION FLUX MACRO TRACK ::

EDI:

01 0 0 00O O OO0 O0TUDO

00000O0OO0O0OOO0ODO

EDIT 2 SAVE
MERGE REGION

0 2 0 0 0O 0O 0 0O O 0 0 O

000000O0O0O0OO0O

0 3 0 0O OO O O O0OO0OTO0OTO

00000OO0OO0OO0OO

0O 400 0 0O 0O OOO0OTO0OTOO
0O 50 00 0 0 O0O0O0O0OTO
0 6 0 00O 0O O0OO0OO0OTUO0OTUO0OTO

000OO0OO0OO0OO0OO

0000O0OO0GOO

00000O0O

0 7 0 0O OO O O OO O0OTUDO

0 8 0 0O OO 0O 0O 0O O0 O0UDO

0000O0O

000O0O

0O 9 0 0000 0 0 0 0O

010 0 0 0 0O OO O O OTPWO

0000

00O

01 0 0 0 0 0 O O O O O

00

012 0 0 0 0 0O 0O O O O O

0

013 0 0 0 0O O OO O O O

14 15 16 17 18 19 20 21 22 23 24

0O 0 00O OO O O 0O

0O 0 0O OO 0O 0 0O

0 0 0 00O O 0 O

0O 0 0 0 0O 0O O

0O 0 0O OO O

[cNecNeNoNe)
[eNoNeNe)
o oo

o o

WATATRK :

DELETE: WATATRK ;

END: ;
QUIT "LIST" .

4.3.10 TCM10 — Solution of a 2-D fixed source problem using M&CC. module

This test case is for a 2—-D Cartesian assembly that contdiredasource. It is solved using the method of

cyclic characteristics.
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Input data for test casd:CM10.x2m

TEST CASE TCM11

FIXED SOURCE PROBLEM
CARTESIAN 2 X 2 ASSEMBLY

L I R

LINKED_LIST LOYA LOY25 TRACK FLUX EDITION
MACRO MACRO100 MACRO050 MACRO010 MACRO005 MACROO000 ;

SEQ_BINARY LOYATRK ;
STRING PolarAng := "CACB" ;

MODULE GEO: EXCELT: MAC: MOCC: EDI:

INTEGER in:=11;

*

MACROSCOPIC CROSS SECTIONS

* MACROSCOPIC CROSS SECTIONS

MACRO100 := MAC: :
NGRO 1 NMIX 2
READ INPUT
MIX 1 TOTAL 1.0 SCAT 1 1
MIX 2 TOTAL 1.0 SCAT 1 1
MACROO050 := MAC: :
NGRO 1 NMIX 2
READ INPUT
MIX 1 TOTAL 1.0 SCAT 1 1
MIX 2 TOTAL 1.0 SCAT 1 1
MACROO010 := MAC: :
NGRO 1 NMIX 2
READ INPUT
MIX 1 TOTAL 1.0 SCAT 1 1
MIX 2 TOTAL 1.0 SCAT 1 1
MACROO005 := MAC: :
NGRO 1 NMIX 2
READ INPUT
MIX 1 TOTAL 1.0 SCAT 1 1
MIX 2 TOTAL 1.0 SCAT 1 1
MACROO000 := MAC: ::
NGRO 1 NMIX 2
READ INPUT

1.00
1.00

0.50
0.50

0.10
0.10

0.05
0.05

TSAI-LOYALKA SEMI-INFINITE PROBLEM

REF: R. Roy, "The Cyclic Characteristics Method,"
Int. Conf. Physics of Nuclear Science and Technology,
Long Island, NY, October 1998, pp. 407-414.

FIXE 1.0

FIXE 1.0

FIXE 1.0

FIXE 1.0

MIX 1 TOTAL 1.0 SCAT 1 1 0.00 FIXE 1.0

MIX 2 TOTAL 1.0 SCAT 1 1

* GEOMETRIES ENTERED WITH SYMMETRIES

* LOYA - 2 X 2 REGIONS

* LOY25 - 25 X 25 REGIONS

LOYA = GEO: :: CAR2D 2 2
X- REFL X+ VOID
MESHX 0.00 0.52 1.00

0.00 ;

DELETE: END: ;
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LOY25

* SOLUTION FOR LOY25

Y- REFL Y+ REFL
MESHY 0.00 0.52 1.00

MIX

= GEO:

SPLITX
SPLITY

1
2
LOYA
13 12
13 12

TRACK LOYATRK :=
TITLE 'TCMO03: LOYANABE-MAYNARD 24X24 °

MAXR 625
TRAK TSPC 12 100.0 ;
REPEAT
IF i 1 = THEN
MACRO := MACRO100 ;
ENDIF ;
IF i 2 = THEN
MACRO := MACROO050 ;
ENDIF ;
IF i 3 = THEN
MACRO := MACROO010 ;
ENDIF ;
IF i 4 = THEN
MACRO := MACROOQO0S5 ;
ENDIF ;
IF i 5 = THEN
MACRO := MACROO000 ;
ENDIF ;
FLUX :=

« SOLUTION FOR LOY25
« FLUX AT X=Y= 0.50, 0.70 AND 0.98

+ SEE TABLE 2. (ref. p. 412)

FLUX MACRO TRACK ::

EXCELT: LOY25 :

2
2

MOCC: MACRO TRACK LOYATRK ::
<<PolarAng>> TYPE S ;

[oNeoNoNoNe)
cNeoNoNoNe
cNeoNoNoNe)
[oNeoNoNoNe)

[oNeoNoNoNe)
cNeoNoNoNe
cNeoNoNoNe
[oNeoNoNoNe)

EDITION := EDI:
EDIT 2 SAVE
MERGE REGION
00000 O
00000 O
00000 O
00000 O
00000 O
00000 O
00000 O
00000 O
00000 O
00000 O
00000 O
00000 O
00000 O
00000 O

O O oo
OO oo
[cNeoNeoNe)
O O oo

cNeoNoNoNe
[cNeoNeoNoNe)
cNeoNoNoNe)
cNoNoNoNe
[cNeoNeoNoNe)

cNoNoNoNe
[cNeoNeoNoNe)
cNoNoNoNe)
cNoNoNoNe
[cNeoNeoNoNe)

OO oo
[cNeoNeoNe)
O OO
[cNeoNeoNe)
O O oo

cNeoNoNoNe)
[cNeoNoNoNe
[cNeoNoNoNe)
[cNeoNoNoNe)
[cNeoNoNoNe)

cNeoNoNoNe)
[cNeoNoNoNe)
[cNeoNoNoNe)
[cNeoNoNoNe)
[cNeoNoNoNe)

O O oo
O O oo
O O oo
O O oo
O O oo

[oNeoNoNoNe)
[cNeoNoNoNe)
[cNeoNoNoNe)
[oNeoNoNoNe)
[cNeoNoNoNe)

[cNeoNoNoNe)
[cNeoNoNoNe)
[cNeoNoNoNe)
[oNeoNoNoNe)
[cNeoNoNoNe)

O O oo
O O oo
O O oo
O O oo
[cNeoNeoNe)
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00000 OOOOO

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

00000 OOOOO OOOOO OOOOO OOOOO
00000 OOOOO OOOOO OOOOO OOOOO
00000 OOOOO OOOOO OO200 O0O0OO0OOO
00000 OOOOO 0OO0OO0O0OO0O OOOOO 00O0OO0CO
00000 OOOOO 0OO0OO0O0OO0O OOOOO 00O0OO0CO
00000 OOOOO OOOOO OOOOO OOOOO
00000 OOOOO OOOOO OOOOO OOOOO
00000 OOOOO OOOOO OOOOO OOOOO
00000 OOOOO 0OO0OO0O0OO0O OOOOO 0O0OO0OO0CO
00000 OOOOO 0OO0OO0O0OO0O OOOOO 0O0OO0OOS

FLUX MACRO EDITION := DELETE: FLUX MACRO EDITION ;

EVALUATE i =i 1 + ;

UNTIL i 6 = ;

LOYATRK := DELETE: LOYATRK ;
END: ;

QUIT "LIST" .

4.3.11 TCM11 — Comparison of CP and MoC solutions

This test case is for & x 4 Cartesian assembly in 2-D. It is solved using the method diicgharacteristics
and the method of collision probabilities using speculairi@n like) boundary conditions.

Input data for test cas@iCM11.x2m

TEST CASE TCM12

MACROSCOPIC CROSS SECTIONS

FIXED SOURCE PROBLEM

CARTESIAN 4 X 4 ASSEMBLY WITH FUEL RODS AND POISON
KAVENOKY BENCHMARK

REF: R. Roy, "The Cyclic Characteristics Method,"
Int. Conf. Physics of Nuclear Science and Technology,
Long Island, NY, October 1998, pp. 407-414.

L B

*

STRING Polar_Ang := "CACB" ;

INTEGER Nazimuth = 8 ;
REAL DenTrak = 100. ;
INTEGER Nsplit =5 ;
REAL Tolerance := 5.E-6 ;

LINKED _LIST PWR TRACK MACRO SYS FLUX EDITION ;
SEQ_BINARY PWRTRK ;
MODULE GEO: EXCELT: MAC: MOCC: EDI: END: DELETE: GREP: ;
REAL ou := 100. ;
REAL

f1 f2 f3 f8 f9 f10 f11 f12 f13 f14 15

vl v2 v3 v8 v9 v10 v1l v12 v13 vl14 vl15 ;
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REAL
ri r2 r3
r8 r9 r10

ril ri2 r13 r14 ris =

5.166 3.699 4.183

3.178 3.617 0.2847

2.913 3.441 3.937 3.225 3.673
REAL

el e2 e3

e8 e9 el0
ell el2 el3 eld el5
0.11 0.08 0.07

0.04 0.05 0.002
0.03 0.03 0.04 0.05 0.05

EVALUATE
el e2 e3
e8 e9
ell el2 el3 eld

elrl/e2r2/ e31r3/

el0
el5

e8 r8/e9 r9 / ell ri0 /
ell r11 / el2 r12 / el3 r13 / eld r14 |/ el5 r15 / ;

EVALUATE
el e2 e3
e8 e9
ell el2 el3 eld

el ou * e2 ou * e3 ou *

el0
el5

e8 ou * e9 ou * el0 ou =*

ell ou * el2 ou * el3 ou * eld ou

F—

* Macroscopic XS

K m———

MACRO := MAC: :
NGRO 1 NMIX 19
READ INPUT
MIX TOTAL 1.250 SCAT
MIX TOTAL 0.625 SCAT
MIX TOTAL 1.250 SCAT
MIX TOTAL 0.625 SCAT
MIX TOTAL 1.250 SCAT
MIX TOTAL 0.625 SCAT
MIX TOTAL 1.250 SCAT
MIX TOTAL 0.625 SCAT
MIX TOTAL 1.250 SCAT
MIX TOTAL 14.000 SCAT
MIX TOTAL 1.250 SCAT
MIX TOTAL 0.625 SCAT
MIX TOTAL 1.250 SCAT
MIX TOTAL 0.625 SCAT
MIX TOTAL 1.250 SCAT
MIX TOTAL 0.625 SCAT
MIX TOTAL 1.250 SCAT
MIX TOTAL 0.625 SCAT

O©CoO~NOULAWNPE

Tl ol I S S T
oOuUNWNRF O

H
\l
PFRRPPRPRRPRPRPRPRERRPRRREPRRRR

PRPRPPRPRPRPRPRPRPRRRRRERRRR

[N
(o}

1.242
0.355
1.242
0.355
1.242
0.355
1.242
0.355
1.242
0.000
1.242
0.355
1.242
0.355
1.242
0.355
1.242
0.355

FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE
FIXE

* elb ou * ;

1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
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MIX 19 TOTAL 1.250 SCAT 1 1 1.242 FIXE 1.000

K m———

*  Geometry : PWR - Cartesian 7x7
*  Tracking : EXCELT
* m———
PWR = GEO: :: CAR2D 4 4
X- DIAG X+ REFL Y- SYME Y+ DIAG
CELL WA F2 F4 F6
F8 P10 F12
F14 F16
F18
0 WA = GEO: CAR2D 1 1
MESHX -0.625 0.625 SPLITX <<Nsplit>>
MESHY -0.625 0.625 SPLITY <<Nsplit>>
MIX 1 ;
@ F2 = GEO: CARCEL 1
MESHX -0.625 0.625 SPLITX <<Nsplit>>
MESHY -0.625 0.625 SPLITY <<Nsplit>>
RADIUS 0.000 0.450

MIX 2 3 ;
i F4 = GEO: F2

MIX 4 5 ;
0 F6 = GEO: F2

MIX 6 7 ;
o F8 = GEO: F2

MIX 8 9 ;
0 P10 = GEO: F2

MIX 10 11 SPLITR 3 ;
o F12 .= GEO: F2

MIX 12 13 ;
o F14 = GEO: F2

MIX 14 15 ;
;0 F16 := GEO: F2

MIX 16 17 ;
;0 F18 = GEO: F2

MIX 18 19 ;

TRACK PWRTRK := EXCELT: PWR ::

MAXR 300 TRAK TSPC <<Nazimuth>> <<DenTrak>> ;
FLUX := MOCC: MACRO TRACK PWRTRK ::

<<Polar_Ang>> TYPE S

THER <<Tolerance>> 100 EXTE <<Tolerance>> 100 ;
EDITION := EDI: FLUX MACRO TRACK ::

EDIT 2 SAVE

MERGE MIX 12300004567891011 0000 ;
GREP: EDITION ::

STEP UP 'REF-CASE 1" STEP UP MACROLIB

GETVAL VOLUME 1 11

>>yl<< >>y2<< >>y3<< >>y8<< >>v9<< >>v10<<

>>yll<< >>v12<< >>v13<< >>yl4<< >>ylbh<<

STEP UP 'GROUP 1/ 1’
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GETVAL FLUX-INTG 1 11
>>fl<< >>f2<< >>f3<< >>f8<< >>fO<< >>f10<<
>>fll<< >>f12<< >>f13<< >>fld<< >>fl15<<
STEP DOWN
STEP DOWN STEP DOWN ;
EVALUATE f1 f2 f3 f8 f9 f10 f11 f12 f13 f14 f15 =
favi/rl-rl/ ou *

/
f2v2/r2-r21/ ou *
f83v3/r3-r3/ou *
f8 v8 / r8 - 18 / ou *
fOv9/r9-1r9/ ou *
f10 v10 / r10 - r10 / ou *
f11 v11 / r11 - r11 / ou *
f12 v12 / r12 - r12 / ou *
f13 vi3 / r13 - r13 / ou *
f14 vi14 / r14 - r14 / ou *
f15 v15 / r15 - r15 / ou *

* SOLUTION FOR KAVENORY BENCHMARK

* FLUX VALUES COMPARED TO MONTE-CARLO RESULTS
* SEE TABLE 3. (ref. p. 412)
ECHO "DF( 1/ 3)%=" f1 f2 f3
ECHO "DF( 8/ 9)%=" f8 f9
ECHO "DF(10/12)%=" f10 f11 f12 ;
ECHO "DF(13/15)%=" f13 f14 15 ;
ECHO "ACCEPT=" f1 ABS el <= f2 ABS e2 <= f3 ABS e3 <= ;
ECHO "ACCEPT=" f8 ABS e8 <= f9 ABS €9 <= ;
ECHO "ACCEPT=" f10 ABS el0 <= fl11 ABS ell <= fl12 ABS el2 <= ;
ECHO "ACCEPT=" f13 ABS el3 <= f14 ABS el4 <= f15 ABS el5 <= ;
PWRTRK := DELETE: PWRTRK ;

END: ;

QUIT .

4.3.12 TCM12 - Solution of a 3-D problem using thdCU. module

This test case is for a simplified 3-D Cartesian assemblyagadlusing th&XCELT:. A collisions probability
solution is generated as well as two solutions using the oaedii characteristics.

Input data for test casd:CM12.x2m

F—

TEST CASE TCM12

MACROSCOPIC CROSS SECTIONS

3-D CARTESIAN ASSEMBLY

USE the 3-D CHARACTERISTICS MODULE MCU:
1) TEST1: USE TRACKING FILE

*

* % X %
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* 2) TEST2: USE EXCELL TRACKING TYPE

F—

x  Define STRUCTURES and MODULES used

K ————

MODULE  MAC: GEO: MCU: END: EXCELT: DELETE: EXCELL: FLU: ASM;

LINKED_LIST MACRO GEOM T3D FLUXA PlJMatrix ;

SEQ_BINARY IntLine ;

REAL DenTra 10.0 ;

INTEGER AngTra 4 ;

STRING Itim ;

EVALUATE Itim = "ITLM" ;

STRING Prll := "STRD" ;

INTEGER Merg ;

EVALUATE Merg =0 ;

STRING Etab ;

EVALUATE Etab := "OFF" ;

STRING  jacc ;

EVALUATE jacc := "JACC" ;

*  Validate input options

IF Itim "ITLM" = NOT THEN
EVALUATE Itim = " " ;

ENDIF ;

*

F—

* Macroscopic cross sections
MACRO := MAC: :
EDIT 0 NGRO 7 NMIX 7 NIFI 1
ENER 1.0E7 1.0E5 1.0E3 10.0 4.0 0.625 0.025 0.001
READ INPUT
MIX 1
EFISS 200.0
NFTOT 7.21206E-03 8.19301E-04 6.45320E-03 1.85648E-02
1.78084E-02 8.30348E-02 2.16004E-01
NUSIGF  2.00600E-02 2.02730E-03 1.57060E-02 4.51830E-02
4.33421E-02 2.02090E-01 5.25711E-01
CHI 5.87910E-01 4.11760E-01 3.39060E-04 1.17610E-07
0.00000E+00 0.00000E+00 0.00000E+00
TOTAL 1.77949E-01 3.29805E-01 4.80388E-01 5.54367E-01
3.11801E-01 3.95168E-01 5.64406E-01
SCAT 1 1 1.27537E-01

2 2 3.24456E-01 4.23780E-02

3 3 4.50940E-01 1.63140E-03 9.43740E-06

5 5 1.25250E-04 4.52565E-01 2.67920E-03
3.14270E-09 5.51630E-09

3 6 1.29680E-03 2.71401E-01 5.56640E-03

3 7 8.54580E-03 2.65802E-01 1.02550E-02

3 7 2.73080E-01 1.68090E-02 1.00210E-08

MIX 2
EFISS 200.0
NFTOT 8.25446E-03 1.32565E-03 8.42156E-03 3.28730E-02
1.59636E-02 3.23794E-01 3.62803E-01
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NUSIGF  2.38140E-02 3.85869E-03 2.41340E-02 9.43662E-02
4.57699E-02 9.28181E-01 1.04320E+00

CHI 5.87910E-01 4.11760E-01 3.39060E-04 1.17610E-07
0.00000E+00 0.00000E+00 0.00000E+00

TOTAL 1.81323E-01 3.34368E-01 4.93785E-01 5.91216E-01
4.74198E-01 8.33601E-01 8.53603E-01

1 1.30457E-01

SCAT

MIX 3

1
2
3
5

3
3
3

2
3
5
6

7
7

3.28428E-01 4.17920E-02

4.58371E-01 1.64360E-03 8.51050E-06
1.76190E-04 4.63709E-01 2.53310E-03
2.20170E-09 5.13290E-09

2.27600E-03 2.82313E-01 5.47660E-03
8.86450E-03 2.49751E-01 8.72890E-03
2.59529E-01 1.31140E-02 9.00160E-09

TOTAL 1.26032E-01 2.93160E-01 2.84240E-01 2.80960E-01
3.34440E-01 5.65640E-01 1.17215E+00
1 6.61659E-02

SCAT

MIX 4

1
2
3
5

2
3
5
6
7

7

2.40377E-01 5.90700E-02

1.83297E-01 5.24350E-02 2.83340E-04
3.73330E-05 7.88511E-02 9.23970E-02
2.49900E-04 1.46220E-06

9.17260E-04 9.97372E-02 1.70140E-01
6.94460E-03 1.92390E-05 2.06420E-08
4.97920E-02 3.16765E-01 2.06790E-01
2.58810E-02 1.08030E-03 2.98750E-06
1.09912E+00 2.38770E-01 2.44780E-02
4.92970E-03 2.05670E-04 4.21400E-07

TOTAL 1.59206E-01 4.12970E-01 5.90310E-01 5.84350E-01
7.18000E-01 1.25445E+00 2.65038E+00

SCAT

GEOM := GEO: :

1 1 4.44777E-02

2 2 2.82334E-01 1.13400E-01

3 3 3.45256E-01 1.29940E-01 7.23470E-04

5 5 7.14370E-05 9.10284E-02 2.24570E-01
6.23400E-04 3.74990E-06

6 6 2.21570E-03 1.39138E-01 4.15510E-01
1.69990E-02 4.80020E-05 5.31840E-08

6 7 1.32440E-01 6.99913E-01 5.11820E-01
6.37320E-02 2.64430E-03 7.44860E-06

6 7 2.48070E+00 5.37320E-01 6.12290E-02
1.21390E-02 5.03440E-04 1.04550E-06

CAR3D 4 4 2

X- DIAG X+ REFL Y+ DIAG Y- SSYM Z- SSYM Z+ REFL

CELL
cici1ci1c1
C6 C6 C6

142
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C6 C6
C6
C7 C7 C7 C7
C7 C7 C7
C7 C7
Cc7
. Cl := GEO: CARCELZ 1 1
MESHX 0.0 1.26 MESHY 0.0 1.26 MESHZ 0.0 1.26
RADIUS 0.0 0.54 MIX 1 2 ;
o C6 = GEO: C1 MIX 3 3 ;
2 C7 = GEO: C1 MESHZ 0.0 1.26
MIX 4 4 ;

PlIMatrix T3D := EXCELL: GEOM MACRO ::
MAXR 400
TRAK SUBG 1 TISO 4 10.0 ;
FLUXA := FLU: MACRO PlJMatrix T3D ::
TYPE K ;
FLUXA T3D PIIMatrix := DELETE: FLUXA T3D PIJMatrix ;

T3D IntLine := EXCELT: GEOM MACRO ::

EDIT 0 MAXR 400

TRAK TISO <<AngTra>> <<DenTra>> ;
PlJMatrix := ASM: MACRO T3D IntLine ;
FLUXA := FLU: PIIMatrix MACRO T3D :

TYPE K ;
FLUXA = DELETE: FLUXA ;
FLUXA := MCU: T3D IntLine MACRO ::
TYPE K

ETAB <<Etab>>
CURR DIRT <<Itim>> ;
FLUXA T3D IntLine := DELETE: FLUXA T3D IntLine ;

FLUXA T3D := MCU: GEOM MACRO ::
TYPE K
ETAB <<Etab>>
CURR DIRT <<Itim>>
MAXR 400
TRAK TISO <<AngTra>> <<DenTra>> ;
FLUXA T3D := DELETE: FLUXA T3D ;
GEOM MACRO := DELETE: GEOM MACRO ;
END: ;
QUIT
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4.3.13 TCM13 - Hexagonal assembly with hexagonal cells containing ehsst

This test represents an example of a 2-D hexagonal asseifddwiith triangular/hexagonal cells containing
clusters (see FiguteP2) that can be analyzed WX .

Input data for test casd:CM13.x2m

* m———
* TEST CASE TCM13

* MACROSCOPIC CROSS SECTIONS
* FISSION SOURCE PROBLEM

* HEXAGONAL CELL with PINS

F—

x  Define STRUCTURES and MODULES used

F—

LINKED_LIST MaclLib GlobalGeo Tracking Pij Flux ;

SEQ_ASCII Fig.ps ;
SEQ_BINARY  Lines ;
MODULE MAC: GEO: NXT: PSP: ASM: FLU: DELETE: END: ;

F—

*  Macroscopic XS
MacLib := MAC: :

NGRO 2 NMIX 18 NIFI 1
READ INPUT
MIX 1  TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 2 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 3 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 4 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 5 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 6 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 7 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 8 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 9 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 10 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 11  TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 12 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 13 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 14  TOTAL 0.166667 1.111111
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SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 15 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 16 TOTAL 0.166667 1.111111

SCAT 2 2 0.00015 0.126667 2 2 1.10111 0.039
MIX 17  TOTAL 0.222222 0.833333

SCAT 11 0.19222

NUSIGF 0.0 0.170 CHI 1.0 0.0
MIX 18  TOTAL 0.222222 0.833333

SCAT 11 0.19222

NUSIGF 0.0 0.170 CHI 1.0 0.0

2 2 0.75333 0.02

2 2 0.75333 0.02

F—

*

*

Geometry : Hexagonal assembly containing
hexagons with 4 triangular crown and pins

K m———

GlobalGeo := GEO: :: HEX 7

HBC COMPLETE REFL
CELL C1 c2Cl1 Cc2Cl1 Cc2 C1
0 C1 := GEO: HEXT 4

SIDE 4.0

MIX
12345678910 11 12 13 14 15 16
12345678910 11 12 13 14 15 16
12345678910 11 12 13 14 15 16
12345678910 11 12 13 14 15 16
12345678910 11 12 13 14 15 16
12345678910 11 12 13 14 15 16
CLUSTER ROD1 ROD2

:» ROD1 := GEO: TUBE 2 MIX 17 18 NPIN 1 RPIN 0.0000 APIN 0.0000

RADIUS 0.00000 0.6122 0.6540 ;

:» ROD2 := GEO: ROD1 MIX 17 18 NPIN 6 RPIN 1.4885 APIN 0.0000 ;

;o C2 = GEO: HEXT 4

SIDE 4.0 1.1

MIX

12345678910 11 12 13 14 15 16
123456789 10 11 12 13 14 15 16
12345678910 11 12 13 14 15 16
123456789 10 11 12 13 14 15 16
12345678910 11 12 13 14 15 16
12345678910 11 12 13 14 15 16

F—

*

*

Tracking : NXT
Solution : PIJ

K m———

Lines Tracking := NXT: GlobalGeo ::

EDIT 2 LONG NORE TISO 3 10.0 ;

Fig.ps := PSP: Tracking ;
Pij := ASM: MaclLib Tracking Lines ;

145
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Flux := FLU: Pij MacLib Tracking :: TYPE K ;

Flux Pij := DELETE: Flux Pjj ;

GlobalGeo Tracking Lines := DELETE: GlobalGeo Tracking Lin es ;
END: ;

QUIT "LIST" .

4.4 WLUP microscopic cross section examples

The test cases we present here usétBe module to provide microscopic cross sections taken from sl 8¢l
D4 format library. We will assume that this library is locate file iaea .B4 This file is the result of processing
the fileiaea.lib downloaded form the IAEA WLUP site with the utilitwILLIE.f B4 An example of how to
process such files for DRAGON can be foundtpi//ttp.polymtl.ca/pub/nucl/WLUP.tgz |

Our test cases are numbered successively F@wUO01 to TCWUL17.

4.4.1 TCWUOI1 — The Mosteller benchmark

This benchmark uses both a cartesian 2-D cell with a centralilar pin and an equivalent annular cell (see
Figure[23)88 No depletion information is required since the modE\O: will not be executed. A comparison
between various calculation options is provided here. Vé¢ donsider an annular geometry witdRMT: self-
shielding and &YBILT: transport calculation. This is then repeated for the ceme-D cell. Finally, we used
an isotropic TISO) and a specularfSPQ EXCELT: tracking successively for the self-shielding and transpor
calculations.

Input data for test casd:CWUO01.x2m

F—
TEST CASE TCwuUO01

MOSTELLER BENCHMARK: 1-D ANNULAR CELL AND 2-D CARTESIANLCEL
WIMSD4 69 GROUPS LIBRARY FILE iaea from WLUP

REF: R. Mosteller et al. Nucl. Sci. Eng. 107, 265 (1991)

x  Define STRUCTURES and MODULES used
K ————
LINKED_LIST
MOSTELA MOSTELC DISCR1 DISCR2 LIBRARY CP CALC OUT ;
SEQ_BINARY
TRKSPC ;
MODULE
LIB: GEO: JPMT: SYBILT: EXCELT: SHI: ASM: FLU: EDI:
DELETE: END: ;

F—

*  Microscopic cross sections from file iaea format WIMSDA4
K ————
LIBRARY := LIB: :
NMIX 3 CTRA WIMS
MIXS LIB: WIMSD4 FIL: iaea
MIX 1 600.0 016 = '6016’ 4.61309E-2
U235 '2235° 1.66078E-4 1
U238 ‘8238  2.28994E-2 1
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MIX 2 600.0
Zr91 = 9r 3.83243E-2

MIX 3 600.0
H1H20 = '3001" 4.42326E-2 016H20 = '6016’ 2.21163E-2
BNat = 1011 1.02133E-5

* m———

*  Geometry MOSTELA : annular 3 region geometry

* MOSTELC : Cartesian 3 region geometry

K m———

MOSTELA := GEO: :: TUBE 3
R+ REFL RADIUS 0.0 0.39306 0.45802 0.71206 SPLITR 2 1 1
MIX 12 3;

MOSTELC := GEO: :: CARCEL 2
X- REFL X+ REFL MESHX 0.0 1.26209
Y- REFL Y+ REFL MESHY 0.0 1.26209
RADIUS 0.0 0.39306 0.45802 SPLITR 2 1
MIX 12 3;

* m———

* Case 1 -- annular

*  Self-Shielding calculation JPM

*  Transport calculation SYBIL

*  Flux calculation for K no leakage

* m———

DISCR1 := JPMT: MOSTELA ::
TITLE 'TCWUO1: MOSTELLER BENCHMARK (JPM / SYBIL)
MAXR 4 1P01 QUA1 5 ;

LIBRARY := SHI: LIBRARY DISCR1 : ;

DISCR2 := SYBILT: MOSTELA ::
TITLE 'TCWUO1: MOSTELLER BENCHMARK (JPM / SYBIL)
MAXR 4 QUAL1 5 ;

CP := ASM: LIBRARY DISCR2 :: ;

CALC := FLU: CP LIBRARY DISCR2 ::
TYPE K ;

OUT := EDI: CALC LIBRARY DISCR2 ::
EDIT 4 MERG MIX 1 2 3 COND 4.0 SAVE ;

DISCR1 DISCR2 CP := DELETE: DISCR1 DISCR2 CP ;

* mm——

* Case 2 -- Cartesian

*  Self-Shielding calculation JPM

*  Transport calculation SYBIL

*  Flux calculation for K no leakage

K ————

DISCR1 := JPMT: MOSTELC ::
TITLE 'TCWUO1: MOSTELLER BENCHMARK (JPM / SYBIL)
MAXR 4 IPO1 QUALl 5 QUA2 12 5 ;

LIBRARY := SHI: LIBRARY DISCR1 :: ;

DISCR2 := SYBILT: MOSTELC ::
TITLE 'TCWUO1: MOSTELLER BENCHMARK (JPM / SYBIL)
MAXR 4 QUA1l 5 QUA2 12 5 ;

CP := ASM: LIBRARY DISCR2 :: ;

CALC := FLU: CALC CP LIBRARY DISCR2 ::
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TYPE K ;

OUT := EDI: OUT CALC LIBRARY DISCR2 ::

EDIT 1 MERG MIX 1 2 3 COND 4.0 STAT ALL REFE 1 ;
DISCR1 DISCR2 CP := DELETE: DISCR1 DISCR2 CP ;
K ————

* Case 3 -- annular

Self-Shielding calculation EXCEL-ISO

*  Transport calculation EXCEL-ISO

*  Flux calculation for K no leakage

K ————

DISCR1 TRKSPC := EXCELT: MOSTELC ::
TITLE 'TCWUO1: MOSTELLER BENCHMARK (EXCELLY
MAXR 4 TRAK TISO 12 20.0 ;

LIBRARY := SHI: LIBRARY DISCR1 TRKSPC :: ;

CP := ASM: LIBRARY DISCR1 TRKSPC : ;

CALC = FLU: CALC CP LIBRARY DISCR1 ::
TYPE K ;

OUT := EDI: OUT CALC LIBRARY DISCR1 ::

EDIT 1 MERG MIX 1 2 3 COND 4.0 STAT ALL REFE 1 ;
DISCR1 TRKSPC CP := DELETE: DISCR1 TRKSPC CP ;
K ————

* Case 4 -- Cartesian

*  Self-Shielding calculation EXCEL-SPC

*  Transport calculation EXCEL-SPC

*  Flux calculation for K no leakage

K ————

DISCR1 TRKSPC := EXCELT: MOSTELC ::
TITLE 'TCWUO1: MOSTELLER BENCHMARK (EXCELLY
MAXR 4 TRAK TSPC 12 20.0 ;

LIBRARY := SHI: LIBRARY DISCR1 TRKSPC :: ;

CP := ASM: LIBRARY DISCR1 TRKSPC : ;

CALC = FLU: CALC CP LIBRARY DISCR1 ::
TYPE K ;

OUT := EDI: OUT CALC LIBRARY DISCR1 ::

EDIT 1 MERG MIX 1 2 3 COND 4.0 STAT ALL REFE 1 ;
DISCR1 TRKSPC CP := DELETE: DISCR1 TRKSPC CP ;
END: ;

QUIT "LIST" .

*

4.4.2 TCWUO2 -A 17 x 17 PWR type assembly

This test case represents a production calculation of aad?PiVR assembly with cell groupinflERGENd
TURNoptions). Its configuration is shown in Figuire 24.

Input data for test casd:CWU02.x2m

F—

TEST CASE TCwU02
17 X 17 PWR ASSEMBLY WITHOUT POISON

*

REF: none
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*
* m———
x  Define STRUCTURES and MODULES used
K ————
LINKED_LIST
ASSMB DISCR1 DISCR2 LIBRARY CP CALC OUT COMPO ;
SEQ_ASCII
res ;
MODULE
LIB: GEO: JPMT: SYBILT: SHI: ASM: FLU: EDI: CPO:
DELETE: END: ;
* m———
*  Microscopic cross sections from file iaea format WIMSDA4
K ————
LIBRARY := LIB: ::
NMIX 8 CTRA WIMS
MIXS LIB: WIMSD4 FIL: iaea

MIX 1 579.9
H1H20 = '3001" 4.76690E-2  0O16H20 = '6016°  2.38345E-2
BNat = ’1011"  2.38103E-5
MIX 2 579.9 016 = '6016’ 3.06711E-4
Cr52 = 52 7.54987E-5 Fe56 = '2056’ 1.47624E-4
Zr91 = 9r 4.18621E-2
MIX 3 579.9
H1H20 = '3001" 4.65292E-2 016H20 = '6016°  2.32646E-2
Cr52 = '52 4.79927E-5
Fe56 = '2056"  4.45845E-5 Ni58 = '58’ 1.13521E-4
MoNat = 96’ 4.03755E-6
Al27 =27 2.35231E-6
Mn55 = '55’ 4.15901E-7
BNat = '1011"  2.32761E-5
Zr91 = 91 8.92427E-4
MIX 4 579.9 016 = '6016’ 2.87335E-4
Cr52 = 52 7.07291E-5 Fe56 = '2056’ 1.38298E-4
Zr91 = 9r 3.92175E-2
MIX 5 579.9
H1H20 = '3001" 4.71346E-2 016H20 = '6016°  2.35673E-2
Cr52 = 52 2.24991E-5
Fe56 = '2056’ 2.09013E-5 Ni58 = '58 5.32188E-5
MoNat = 96’ 1.89281E-6
Al27 =27 1.10277E-6
Mn55 = '55’ 1.94976E-7
BNat = '1011"  2.35598E-5
Zr91 = 9r 4.18372E-4
MIX 6 579.9
H1H20 = '3001" 4.71676E-2 016H20 = '6016°  2.35838E-2
Cr52 = '52 2.11122E-5
Fe56 = '2056’ 1.96130E-5 Ni58 = '58’ 4.99383E-5
MoNat = 96’ 1.77614E-6
Al27 =27 1.03479E-6

Mn55 = '5%5’ 1.82957E-7
BNat = '1011"  2.35753E-5
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Zr9l = 91 3.92583E-4
MIX 7 579.9
H1H20 = '3001' 4.72020E-2 016H20 = '6016" 2.36010E-2
Cr52 = '52 1.96591E-5
Fe56 = '2056’ 1.82630E-5 Ni58 = '58’ 4.65011E-5
MoNat = '96’ 1.65389E-6
Al27 =27 9.63569E-7
Mn55 = '55’ 1.70365E-7
BNat = '1011' 2.35914E-5
Zr9l = 91 3.65562E-4
MIX 8 933.6 016 = '6016’ 4.49355E-2
U235 = '2235"  7.39237E-4 1
U238 = '8238" 2.17285E-2 1
K ————
* Geometry ASSMB : a 17 X 17 normal PWR assembly
* contains C1 : cell without fuel
* C2 : normal fuel cell
* C3 : peripheral cell
* C4 : corner cell

K m———

ASSMB = GEO: :: CAR2D 9 9
X- DIAG X+ REFL Y- SYME Y+ DIAG
CELL C1 cC2 Cc2Cl1 Cc2cCc2cC1c2c3
C2C2C2cCc2cCc2cCcz2c2cs3
C2 C2C2cCc2cC2cCc2cs3
Cl1 C2C2cC1cC2cs
C2 C2C2cC2cC3

Cl1 C2 C2 C3

C2 C2 C3

C2 C3

C4

MERGE 1 3 12 11 12 12 11 12 15
4 6 5 6 6 5 6 8
13 5 6 6 5 6 8
2 5 510 5 8

13 5 5 6 8

2 5 7 8

13 7 8

14 8

9
TURN H H B H H B H H A
H G G H G G H A
A E E F E E A
H HF H H A

H E G H A

H H A A

H A A

A A

A

;. C1 := GEO: CARCEL 2
MESHX 0.0 1.26472 MESHY 0.0 1.26472

150
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RADIUS 0.0 0.572435 0.613142 MIX 1 2 3 ;

0 C2 = GEO: C1 RADIUS 0.0 0.412660 0.474364 MIX 8 4 5 ;
0 C3 := GEO: C2 MESHX 0.0 1.31472 MIX 8 4 6 ;
0 C4 = GEO: C3 MESHY 0.0 1.31472 MIX 8 4 7 ;

F—

Self-Shielding calculation JPM

*  Transport calculation SYBIL

*  Flux calculation for B1 homogeneous leakage

*  Editing using SPH model for transport-diffusion

K m———

DISCR1 := JPMT: ASSMB ::
TITLE 'TCWUO02: 17 X 17 MULTICELL PWR BENCHMARK WITHOUT POISO
MAXR 400 OLD ;

LIBRARY := SHI: LIBRARY DISCR1 : ;

DISCR2 := SYBILT: ASSMB ::
TITLE 'TCWUO02: 17 X 17 MULTICELL PWR BENCHMARK WITHOUT POISO
MAXR 400 ;

CP := ASM: LIBRARY DISCR2 :: ;

CALC := FLU: CP LIBRARY DISCR2 ::
TYPE B B1 ;

OUT := EDI: CALC LIBRARY DISCR2 ASSMB ::

EDIT 3 UPS SAVE COND 4.0 SPH

:: BIVACT: PRIM 1 2 EDIT O ;

*

COMPO := CPO: OUT ::
EDIT 1 STEP 'REF-CASE 1" EXTRACT ALL NAME COMPO ;

res ;= COMPO ;
END: ;
QUIT "LIST" .

4.4.3 TCWUO3 — An hexagonal assembly

This test case represents a production calculation of adypexagonal control assembly. Its configuration is
presented in Figufe 25.

Input data for test cas@:CWUQ03.x2m

K m———
TEST CASE TCWUO3

*

*  MULTICELL HEXAGONAL ASSEMBLY WITH POISON
* jaea WLUP Library
*
*
*

REF: none

x  Define STRUCTURES and MODULES used

F—
LINKED_LIST

ASSMBH DISCR1 DISCR2 LIBRARY CP CALC OUT COMPO ;
SEQ_ASCII
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res ;
MODULE

GEO: JPMT: SYBILT: LIB: SHI: ASM: FLU: EDL:

DELETE: END: ;

K m———

152

CPO:

*  Microscopic cross sections from file iaea format WIMSDA4

F—
LIBRARY LIB: ::
NMIX 11 CTRA WIMS
MIXS LIB: WIMSD4 FIL:

MIX 1 579.9

H1H20 = 3001

BNat = 1011
MIX 2 579.9

Cr52 = '52

Zr91 = 91
MIX 3 579.9

H1H20 = ’'3001

Fe56 = '2056’

Mn55 = '55’

BNat = 1011

Zr91 = 91
MIX 4 933.6

U235 = '223%5

U238 = 8238’
MIX 5 579.9

Cd113 = 2113

Ag109 = '3109
MIX 6 579.9

Fe56 = '2056’

Mn55 = '5%5’
MIX 7 579.9

H1H20 = '3001

Fe56 = '2056’

BNat = 1011

Zr91 = 9r
MIX 8 579.9

H1H20 = '3001

Fe56 = '2056’

Mn55 = '55’

BNat = 1011

Zr91 = 91
MIX 9 579.9

Cr52 52

Zr91 oI

MIX 10 579.9

iaea
4,76690E-2 016H20 = '6016’ 2.38345E-2
2.38103E-5
016 = '6016’ 3.06711E-4
7.54987E-5 Fe56 = 2056’ 1.47624E-4
4,18621E-2
4.65292E-2 016H20 = '6016’ 2.32646E-2
Cr52 = '52 4,79927E-5
4.45845E-5 Ni58 = '58 1.13521E-4
MoNat = 96’ 4.03755E-6
Al27 =27 2.35231E-6
4,15901E-7
2.32761E-5
8.92427E-4
016 = '6016’ 4.49355E-2
7.39237E-4 1
2.17285E-2 1
In115 = '211% 7.57464E-3
2.62493E-3
4.49188E-2
Cr52 = '52 1.52702E-2
5.57670E-2 Ni58 = '58 7.51418E-3
8.02943E-4
3.06466E-2 016H20 = 6016’ 1.53233E-2
5.27485E-5 Cr52 = '52 2.69769E-5
1.53077E-5
1.49580E-2
4.65292E-2 016H20 = '6016’ 2.32646E-2
Cr52 = '52 4.79927E-5
4.45845E-5 Ni58 = '58 1.13521E-4
MoNat = 96’ 4.03755E-6
Al27 =27 2.35231E-6
4.15901E-7
2.32761E-5
8.92427E-4
016 = 6016’ 2.87335E-4
7.07291E-5 Fe56 = 2056’ 1.38298E-4
3.92175E-2
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H1H20 = '3001'" 4.71346E-2 0O16H20 = '6016° 2.35673E-2
Cr52 = 52 2.24991E-5

Fe56 = '2056’ 2.09013E-5 Ni58 = '58’ 5.32188E-5
MoNat = 96’ 1.89281E-6
Al27 =27 1.10277E-6

Mn55 = '55’ 1.94976E-7 BNat = 1011 2.35598E-5

Zr91 = 9r 4.18372E-4

MIX 11 579.9

H1H20 = '3001" 4.71676E-2 016H20 = '6016°  2.35838E-2
Cr52 = '52 2.11122E-5

Fe56 = '2056’ 1.96130E-5 Ni58 = '58’ 4.99383E-5
MoNat = 96’ 1.77614E-6
Al27 =27 1.03479E-6

Mn55 = '55’ 1.82957E-7

BNat = '1011"  2.35753E-5

Zr91 = 91 3.92583E-4

F—

* Geometry ASSMBH : hexagonal assembly with poison
* contains C1 : cell without fuel

* C2 : poison cell

* C3 : normal fuel cell

* C4 : peripheral cell

F—

ASSMBH := GEO: :: HEX 36
HBC S30 REFL

CELL C1 C3C3C3 C3C3cCc2C3C3cC3cC2Cc3cC3C3C3C3C3C¢C2
C3 C3C2C3C3C3C3C3C3C3C3C3C4cCacCcacacaca
TURN A A A A A A A ABUDAIACU FJ B A
F A°AA E E A A E A A A A A A A A A A
MERGE 1 2 3 4 5 4 6 7 8 7 9 810 7 7 4 7 11
12 13 14 15 12 16 17 12 16 18 18 19 20 21 21 22 22 23
;o Cl := GEO: HEXCEL 2
SIDE 0.707297 RADIUS 0.0 0.412282 0.475917
MIX 1 2 3 ;
;o C2 := GEO: HEXCEL 5
SIDE 0.707297 RADIUS 0.0 0.25057 0.354359 0.436 0.486 0.612 5

;o C3 = GEO: C1 MIX 4 9 10 ;
;o C4 = GEO: C3 MIX 4 9 11 ;

MIX55567 8 ;

K m———

*  Self-Shielding calculation JPM

*  Transport calculation SYBIL

*  Flux calculation for B1 homogeneous leakage

*  Editing using SPH model for transport-diffusion

K ————

DISCR1 := JPMT: ASSMBH ::
TITLE 'TCWUO03: MULTICELL HEXAGONAL ASSEMBLY WITH POISON’
MAXR 400 MAXZ 15000 OLD ;

LIBRARY := SHI: LIBRARY DISCR1 :: ;

DISCR2 := SYBILT: ASSMBH ::
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TITLE 'TCWUO3: MULTICELL HEXAGONAL ASSEMBLY WITH POISON’

MAXR 400 MAXZ 15000 ;
CP = ASM: LIBRARY DISCR2 : ;
CALC := FLU: CP LIBRARY DISCR2 ::
TYPE B B1 ;

OUT := EDI: CALC LIBRARY DISCR2 ASSMBH ::

EDIT 3 UPS SAVE COND 4.0 SPH
: BIVACT: PRIM 1 2 1 ;

COMPO := CPO: OUT ::

STEP 'REF-CASE 1" EXTRACT ALL NAME COMPO ;

res ;= COMPO ;
END: ;
QUIT "LIST" .

4.4.4 TCWUO04 — A Cylindrical cell with burnup

This test case represents a burnup calculation for the Maséanular geometry (see Figlire 23).

Input data for test cas@:CWUOQ4.x2m

K m———

TEST CASE TCwWUO04
iaea WLUP Library

+*  Define variables
* m———
INTEGER
istep == 1 ;
REAL
evobeg evoend ;
REAL
step2 step3 stepd  step5 =
1.0 27.1739 67.9348 135.8696 ;

K m———

*  Define STRUCTURES and MODULES used

F—

LINKED_LIST

LIBRARY MOSTELAS MOSTELA TRACKS TRACK SYS FLUX BURNUP

EDITION COMPO ;
SEQ_ASCII

res ,
MODULE

GEO: SYBILT: LIB: SHI: ASM: FLU: EVO: EDLI:

DELETE: END: ;

K m———

*  Depletion data from file iaea format WIMSD4

ANNULAR MOSTELLER BENCHMARK WITH BURNUP

REF: R. Mosteller et al. Nucl. Sci. Eng. 107, 265 (1991)

154
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*  Microscopic cross sections from file iaea format WIMSDA4

F—

LIBRARY := LIB: ::
NMIX 3 CTRA WIMS

155

DEPL LIB: WIMSD4 FIL: iaea
MIXS LIB: WIMSD4 FIL: iaea
MIX 1 600.0 016 = '6016°  4.61309E-2
U235 = '2235" 1.66078E-4 1
U238 = '8238" 2.28994E-2 1
U236 = 236’ 0.0 1
Pu239 = '6239° 0.0 1
MIX 2 600.0
Zr9l = 9 3.83243E-2
MIX 3 600.0
H1H20 = '3001' 4.42326E-2 016H20 = '6016" 2.21163E-2
BNat = '1011' 1.02133E-5
* mm——
*  Geometry MOSTELAS : 3 regions annular cell for self-shieldi ng
* MOSTELA : 4 regions annular cell for transport

K m———

MOSTELAS = GEO: :: TUBE 3
R+ REFL RADIUS 0.0 0.39306 0.45802 0.71206
MIX 1 2 3;

MOSTELA := GEO: MOSTELAS ::
SPLITR 2 1 1 ;

K ————

*  Self-Shielding calculation SYBIL

*  Transport calculation SYBIL

*  Flux calculation for keff with imposed buckling

* using B1 homogeneous leakage model

K ————

TRACKS := SYBILT: MOSTELAS ::
TITLE 'TCWUO04: MOSTELLER BENCHMARK WITH BURNUP’
EDIT 1 MAXR 3 ;

LIBRARY := SHI: LIBRARY TRACKS :: ;

TRACK := SYBILT: MOSTELA ::
TITLE 'TCWUO04: MOSTELLER BENCHMARK WITH BURNUP’
EDIT 1 MAXR 4 ;

SYS = ASM: LIBRARY TRACK :: ;

FLUX := FLU: SYS LIBRARY TRACK ::
TYPE K Bl PNL BUCK 0.2948E-2 ;

EDITION := EDI: FLUX LIBRARY TRACK ::
EDIT 3 MERG COMP COND 4.0 SAVE ;

* m———

Burnup loop: for first step BURNUP is created

while for other steps it is modified

two burnup per step:

1) get a first approximation of final composition followed
by a transport calculation

2) use approximation for final flux distribution to get a
better approximation for final composition

L S
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F—

EVALUATE evoend := 0.0 ;
WHILE evoend step2 < DO
EVALUATE evobeg := evoend ;
EVALUATE evoend := step2 ;
IF istep 1 = THEN
BURNUP LIBRARY := EVO: LIBRARY FLUX TRACK ::
SAVE <<evobeg>> DAY
DEPL <<evobeg>> <<evoend>> DAY POWR 36.8
SET <<evoend>> DAY ;
ELSE
BURNUP LIBRARY := EVO: BURNUP LIBRARY FLUX TRACK ::
SAVE <<evobeg>> DAY
DEPL <<evobeg>> <<evoend>> DAY POWR 36.8
SET <<evoend>> DAY ;
ENDIF ;
LIBRARY := SHI: LIBRARY TRACKS :: ;
SYS := DELETE: SYS ;
SYS := ASM: LIBRARY TRACK :: ;
FLUX := FLU: FLUX SYS LIBRARY TRACK ::
TYPE K Bl PNL BUCK 0.2948E-2 ;
BURNUP LIBRARY := EVO: BURNUP LIBRARY FLUX TRACK ::
SAVE <<evoend>> DAY
DEPL <<evobeg>> <<evoend>> DAY POWR 36.8
SET <<evoend>> DAY ;
LIBRARY := SHI: LIBRARY TRACKS :: ;
SYS := DELETE: SYS ;
SYS := ASM: LIBRARY TRACK :: ;
FLUX := FLU: FLUX SYS LIBRARY TRACK ::
TYPE K Bl PNL BUCK 0.2948E-2 ;
EDITION := EDI: EDITION FLUX LIBRARY TRACK ::
EDIT 3 SAVE ;
EVALUATE step2 step3 step4 step5 =
step3 step4 step5 step2 ;
EVALUATE istep := istep 1 + ;
ENDWHILE ;
COMPO := CPO: EDITION BURNUP ::
BURNUP REF-CASE NAME COMPO ;

res ;= COMPO ;
END: ;
QUIT "LIST" .

4.4.5 TCWUO5 — A CANDU-6 type annular cell with burnup

This test case represents the typical CANDU type cell witamular moderator region defined in Figliré 26.
Both its cross section and depletion data are taken fromdheeSWIMS-D4 file. Depletion calculations are
performed for 50 days at a fixed powW&rThis test case uses the embedded DRAGON procedure storkd in t
TCWUOSLib.c2m file.
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Input data for test cas@:CWUQ5.x2m

K ————

TEST CASE TCWUO05
CANDU-6 ANNULAR CELL
iaea WLUP Library

POWER (KW) = 615.00000
BURN POWER (KW/KG) =  31.97130
URANIUM MASS = 19.23600
UO2 REAL DENSITY =  10.59300
UO2 EFF DENSITY =  10.43750
UO2 TEMPERATURE = 941.28998
ENRICHMENT = 0.71140
COOLANT D2 AT % = 99.222
MODERATOR D2 AT % = 99.911
NUMBER OF DAYS = 50

Define variables and initialize
Burnup paremeters
a) Power
= 31.9713 kw/kg for 0.0 to 300.0 days
b) Burnup time interval Delt
1 day for 0 to 1 day
4 days for 1 to 5 days
5 days for 5 to 10 days
10 days for 10 to 50 days
20 days for 50 to 150 days
50 days for 150 to 300 days
c) Days with burnup interval changes
= 1.0, 5.0, 10.0, 50.0, 150.0 and 300.0 days
d) Burnup control time variables Timei, Timef

L D S R R I R R T T S U T I N N S T S N

Timei = initial time
* Timef = final time
K mm——
REAL
Power Delt Timec Timei Timef =

319713 1.0 10 0.0 0.0 ;

F—

x  Define STRUCTURES and MODULES used

K ————

LINKED_LIST
LIBRARY CANDU6S CANDU6F VOLMATS VOLMATF PIJ FLUX BURNUFTIEDI
COMPO1 COMPO2 ;

SEQ_BINARY
INTLINS INTLINF ;

SEQ_ASCII
fuel mode ;

MODULE
GEO: EXCELT: SHI: ASM: FLU: EVO: EDI: CPO:
DELETE: END: ;

K m———
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*  Depletion data from file iaea format WIMSD4
*  Microscopic cross sections from file iaea format WIMSDA4
K ————
PROCEDURE TCWUOSLIb ;
INTEGER  iedit := 1 ;
LIBRARY := TCWUOSLib :: <<iedit>> ;
* mm——
*  Geometry CANDUGS : 13 regions annular cluster for self-shie Iding
* CANDUGF : 31 regions annular cluster for transport
K ————
CANDUGS := GEO: :: TUBE 5
R+ REFL RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 16.1 2171
MIX 12345
CLUSTER ROD1 ROD2 ROD3 ROD4
;. ROD1 := GEO: TUBE 2 MIX 6 10 NPIN 1 RPIN 0.0000 APIN 0.0000
RADIUS 0.00000 0.6122 0.6540 ;

. ROD2 := GEO: ROD1 MIX 7 10 NPIN 6 RPIN 1.4885 APIN 0.0000 ;
. ROD3 = GEO: ROD1 MIX 8 10 NPIN 12 RPIN 2.8755 APIN 0.261799 ;
. ROD4 = GEO: ROD1 MIX 9 10 NPIN 18 RPIN 4.3305 APIN 0.0 ;

CANDUGF := GEO: CANDUG6S :: SPLITR 6 11 1 10

:» ROD1 := GEO: ROD1 SPLITR 2 1 ;
;2 ROD2 := GEO: ROD2 SPLITR 2 1 ;
;> ROD3 = GEO: ROD3 SPLITR 2 1 ;
:: ROD4 := GEO: ROD4 SPLITR 2 1 ;

K ————
*  Self-Shielding calculation EXCEL
*  Transport calculation EXCEL
*  Flux calculation for keff
K ————
VOLMATS INTLINS := EXCELT: CANDUSGS ::
TITLE 'TCWUO5: CANDU-6 ANNULAR POWER= 31.971 FUEL TEMP= 9429’
EDIT 0 MAXR 13 TRAK TISO 5 10.0 SYMM 12 ;
LIBRARY := SHI: LIBRARY VOLMATS INTLINS ::
EDIT O ;
VOLMATF INTLINF := EXCELT: CANDUGF ::
TITLE 'TCWUO5: CANDU-6 ANNULAR POWER= 31.971 FUEL TEMP= 9429’
EDIT 0 MAXR 31 TRAK TISO 5 10.0 SYMM 12 ;
PIJ := ASM: LIBRARY VOLMATF INTLINF :: ;
FLUX := FLU: PIJ LIBRARY VOLMATF ::
TYPE K ;
EDITION := EDI: FLUX LIBRARY VOLMATF ::
COND 4.0 MERGE MIX 0 OO 010000 0 SAVE ON 'EDITMOD’ ;
EDITION := EDI: EDITION FLUX LIBRARY VOLMATF ::
COND 4.0 MERGE COMP MICR 1 Xel35 SAVE ;
K ————
*  Burnup loop: for first step BURNUP is created
* while for other steps it is modified
* m———
WHILE Timei Timec < DO
EVALUATE Timef := Timei Delt + ;
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IF Timei 0.0 = THEN
BURNUP LIBRARY := EVO: LIBRARY FLUX VOLMATF ::
DEPL <<Timei>> <<Timef>> DAY POWR <<Power>> ;
ELSE
BURNUP LIBRARY := EVO: BURNUP LIBRARY FLUX VOLMATF ::
DEPL <<Timei>> <<Timef>> DAY POWR <<Power>> ;
ENDIF ;
LIBRARY := SHI: LIBRARY VOLMATS INTLINS ::
EDIT O ;
P1J := DELETE: PIJ ;
P1J := ASM: LIBRARY VOLMATF INTLINF :: ;
FLUX := FLU: FLUX PIJ LIBRARY VOLMATF ::
TYPE K ;
EDITION := EDI: EDITION FLUX LIBRARY VOLMATF ::
SAVE ;

K m———

*

change delta t for burnup and final time if required

F—

IF Timef Timec = THEN
IF Timec 150.0 = THEN

EVALUATE Delt Timec := 50.0 300.0 ;
ENDIF ;
IF Timec 50.0 = THEN

EVALUATE Delt Timec := 20.0 150.0 ;
ENDIF ;
IF Timec 10.0 = THEN

EVALUATE Delt Timec := 10.0 50.0 ;
ENDIF ;
IF Timec 5.0 = THEN

EVALUATE Delt Timec := 5.0 10.0 ;

ENDIF ;
IF Timec 1.0 = THEN
EVALUATE Delt Timec := 4.0 5.0 ;
ENDIF ;
ENDIF ;
EVALUATE Timei := Timef ;

ENDWHILE ;

F—

*

Save calculation results in CPO format file

F—

COMPO1 := CPO: BURNUP EDITION ::

BURNUP REF-CASE EXTRACT Xel35 Xel35 NAME MIXTRXE ;

fuel := COMPO1 ;
COMPO2 := CPO: EDITION ::

STEP 'EDITMOD’ NAME MIXTMOD ;

mode := COMPO2 ;

INTLINF INTLINS := DELETE: INTLINF INTLINS ;
END: ;

QUIT "LIST" .
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Input data for test cas@:CWUO5Lib.c2m

K ————
Procedure TCWUOS5LIb
Create Library for test CASE TCWUO05
Calling :

LIBRARY := TCWUOSLib :: iedit ;
with :

TCWUO05
iprint = print level for LIB: module

L T

F—

+  Define PARAMETERS,STRUCTURES and MODULES used
K ————
PARAMETER LIBRARY : :: LINKED_LIST LIBRARY ; ;
MODULE LIB: DELETE: END: ;
* m———
* Define and read LIB: EDIT option
INTEGER iedit
1 >>jedite<
* m———
+  Depletion data from file iaea format WIMSD4
*  Microscopic cross sections from file iaea format WIMSDA4
K ————
LIBRARY := LIB: ::

EDIT <<iedit>>

NMIX 17 CTRA WIMS

DEPL LIB: WIMSD4 FIL: iaea

MIXS LIB: WIMSD4 FIL: iaea

MIX 1 560.66 0.81212 016 = '6016’
D2D20 = '3002’ 1.99768E-1 H1H20 = '3001
MIX 2 560.66 6.57 Nb93 = 93
BNat = '1011" 2.10000E-4
Zr91 = 9r 9.75000E+1
MIX 3 345.66 0.0014 He4 =4
MIX 4 34566 6.44 Fe56 = '2056’
Ni58 = '58 6.00000E-2  Cr52 = '52
BNat = '1011" 3.10000E-4
Zr9l = 9r 9.97100E+1
MIX 5 345.66 1.082885 016 = '6016’
D2D20 = '3002’ 2.01016E-1 H1H20 = '3001
MIX 6 941.29 10.4375010 016 = '6016’
Xel35 = '4135 0.0
U235 = 2235 6.27118E-1 1
U238 = '8238"  8.75256E+1 1
U236 = '236’ 0.0 1
Pu239 ='6239" 0.0 1
MIX 7 COMB 6 1.0
MIX 8 COMB 6 1.0
MIX 9 COMB 6 1.0
MIX 10 560.66 6.44 Fe56 = '2056’
Ni58 = '58’ 6.00000E-2  Cr52 = '52

LIBRARY = Linked list containing the result of LIB: for

160

7.99449E-1
7.83774E-4
2.50000

1.00000E+2
1.60000E-1
1.10000E-1

7.98895E-1
8.96000E-5
1.18473E+1

1.60000E-1
1.10000E-1
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BNat 1011  3.10000E-4
Zr91 = 9r 9.97100E+1

MIX 11 COMB 10 1.0

MIX 12 COMB 10 1.0

MIX 13 COMB 10 1.0

MIX 14 COMB 1 1.0

MIX 15 COMB 1 1.0

MIX 16 COMB 1 1.0

MIX 17 COMB 1 1.0

END: ;
QUIT "LIST" .

4.4.6 TCWUO06 — A CANDU-6 type supercell with control rods

This test case treats both the CANDU cell with a cartesianeratdr region (similar to the cell described in
defined Figur€26) and the supercell containing a staintess®d which can be either in the inserted or extracted
position (see Figure_21). Two groups incremental crossaexicorresponding to the rod in the inserted and
extracted position with respect to the original supercefitaining only 3—-D fuel elements are compuBdrhis
test case also uses the embedded DRAGON procedure storeli@¥WUO5Lib.c2m file.

Input data for test casd:CWUQ06.x2m

K m———

* TEST CASE TCWUO06

* CANDU-6 CARTESIAN CELL

* jaea WLUP Library

* STAINLESS STELL RODS IN 3D SUPERCELL
*

*  Define STRUCTURES and MODULES used

F—

LINKED_LIST

LIBRARY LIBRARY2 CANDUG6F CANDU6S TRACK SYS FLUX EDITION BBO ;
SEQ_BINARY

INTLIN ;
MODULE

GEO: JPMT: EXCELT: LIB: SHI: ASM: FLU: EDI:
DELETE: UTL: END: ;

K m———

*  Depletion data from file iaea format WIMSD4

*  Microscopic cross sections from file iaea format WIMSDA4
K ————

PROCEDURE TCWUOSLIb ;

INTEGER  iedit := 1 ;

LIBRARY := TCWUOSLib :: <<iedit>> ;

* m———

CELL CALCULATION

Geometry CANDUGS : 14 regions Cartesian cluster for self-sh ielding
CANDUGF : 32 regions Cartesian cluster for transport
BCO . 48 regions 3D Cartesian geometry

*

* % *
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* BCI . 48 regions 3D Cartesian geometry
* m———
CANDUG6S := GEO: :: CARCEL 5
X+ REFL X- REFL MESHX -14.2875 14.2875
Y+ REFL Y- REFL MESHY -14.2875 14.2875
RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 14.00
MIX 123455
CLUSTER ROD1 ROD2 ROD3 ROD4
;. ROD1 := GEO: TUBE 2 MIX 6 10 NPIN 1 RPIN 0.0000 APIN 0.0000
RADIUS 0.00000 0.6122 0.6540 ;

:» ROD2 := GEO: ROD1 MIX 7 10 NPIN 6 RPIN 1.4885 APIN 0.0000 ;
. ROD3 = GEO: ROD1 MIX 8 10 NPIN 12 RPIN 2.8755 APIN 0.261799 ;
. ROD4 = GEO: ROD1 MIX 9 10 NPIN 18 RPIN 4.3305 APIN 0.0 ;

CANDUGF := GEO: CANDUG6S :: SPLITR 6 11 1 10

:» ROD1 := GEO: ROD1 SPLITR 2 1 ;
;2 ROD2 = GEO: ROD2 SPLITR 2 1 ;
;> ROD3 = GEO: ROD3 SPLITR 2 1 ;
:» ROD4 := GEO: ROD4 SPLITR 2 1 ;

K m———

*  Self-Shielding calculation EXCEL

*  Transport calculation EXCEL

*  Flux calculation for keff

K ————

TRACK INTLIN := EXCELT: CANDUG6S ::
TITLE 'TCWU06: CANDU-6 CARTESIAN FUEL TEMP= 941.29’
EDIT 0 MAXR 14 TRAK TISO 29 20.0 SYMM 4 ;

LIBRARY := SHI: LIBRARY TRACK INTLIN ::

EDIT O ;

TRACK INTLIN DELETE: TRACK INTLIN ;
TRACK INTLIN EXCELT: CANDUG6F ::
TITLE 'TCWU06: CANDU-6 CARTESIAN FUEL TEMP= 941.29’
EDIT 0 MAXR 32 TRAK TISO 29 20.0 SYMM 4 ;
SYS := ASM: LIBRARY TRACK INTLIN ::
EDIT O ;
FLUX := FLU: SYS LIBRARY TRACK ::
TYPE K ;
* m———
*  Microscopic cross sections from WIMSLIB for stainless stee
*  MIX 1,2,3 from EDI: : fuel, structure material and moderator
*  MIX 4 stainless steel rods
K ————
EDITION := EDI: FLUX LIBRARY TRACK ::

EDIT O MERGE MIX 1 22 2311111 SAVE ON SSRODS ;
EDITION := UTL: EDITION :: STEP UP SSRODS ;
LIBRARY2 := LIB: EDITION ::

EDIT 0 NMIX 4 CTRA WIMS

MIXS LIB: WIMSD4 FIL: iaea

MIX 4 345.66 Fe56 = '2056"  6.19027E-2

Cr52 = '52’ 1.56659E-3 Ni58 = '58’ 6.83337E-3
Si29 = 29’ 7.79072E-4 C12 = 2012 1.46552E-4
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Mn55 = 55 1.25431E-3

EDITION TRACK INTLIN SYS FLUX := DELETE:
EDITION TRACK INTLIN SYS FLUX ;
K ————
*  SUPERCELL CALCULATION
*  Geometry BCO . 27 regions 3D Cartesian geometry with rods out
* BCI . 27 regions 3D Cartesian geometry with rods in
K ————
BCO := GEO: :: CAR3D 3 2 2
X- REFL X+ SYME Y- REFL Y+ SYME Z- REFL Z+ SYME
CELL M MX MX MX FXY MXY M MX BX MX FXY BXY
TURN A A A F A A A A A F A A
0 M = GEO: CAR3D 11 1 MIX 3
MESHX 0.0 7.14375
MESHY 0.0 7.14375
MESHZ -8.25500 8.25500 SPLITZ 2 ;
2 MX = GEO: M MESHX -7.14375 +7.14375 SPLITX 2 ;
i MXY = GEO: MX MESHY -7.14375 +7.14375 SPLITY 2 ;
;. BX := GEO: CARCELY 2 1 MIX 3 3 3
MESHX -7.14375 7.14375 SPLITX 2
MESHY 0.0 7.14375
MESHZ -8.25500 8.25500 SPLITZ 2
RADIUS 0.0 3.5100 3.8100 ;
i BXY = GEO: BX MESHY -7.14375 +7.14375 SPLITY 2 ;
i FXY = GEO: CARCELZ 2 1 MIX 1 2 3
MESHX -7.14375 7.14375 SPLITX 2
MESHY -7.14375 7.14375 SPLITY 2
MESHZ -8.25500 8.25500 SPLITZ 2
RADIUS 0.0 5.16890 6.58750 ;

BCl = GEO: BCO ::
o BX ;= GEO: BX MIX 3 4 3 ;
:: BXY := GEO: BXY MIX 3 4 3 ;
*  Transport calculation EXCEL
*  Flux calculation for keff
* Homogenized properties for rod out
* mm——
TRACK INTLIN := EXCELT: BCO ::

EDIT 0 MAXR 40 TRAK TISO 2 1.0 ;
SYS = ASM: LIBRARY2 TRACK INTLIN ::

EDIT O ;

FLUX := FLU: SYS LIBRARY2 TRACK ::

TYPE K ;

EDITION := EDI: FLUX LIBRARY2 TRACK ::

EDIT 2 MERG COMP COND 4.0 SAVE ON ’'NOBC' ;
SYS TRACK INTLIN := DELETE: SYS TRACK INTLIN ;
* mm——

*  Transport calculation EXCEL
*  Flux calculation for keff
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* Homogenized properties for rod in
* m———
TRACK INTLIN := EXCELT: BCI ::
EDIT 0 MAXR 40 TRAK TISO 2 1.0 ;
SYS = ASM: LIBRARY2 TRACK INTLIN ::
EDIT O ;
FLUX := FLU: FLUX SYS LIBRARY2 TRACK ::
TYPE K ;
EDITION := EDI: EDITION FLUX LIBRARY2 TRACK ::
EDIT 2 MERG COMP COND 4.0 STAT DELS REFE 'NOBC’ ;
TRACK INTLIN SYS := DELETE: TRACK INTLIN SYS ;
END: ;
QUIT "LIST" .

4.4.7 TCWUO7 — A CANDU-6 type calculation using various leakage options

This test case treats the CANDU cell with a cartesian moderagion (similar to the cell described in defined
Figure[26) using various leakage options. This test casaualss the embedded DRAGON procedure stored in the
TCWUOSLib.c2m file.

Input data for test cas@:CWUQ7.x2m

K ————

* TEST CASE TCWUO07

* CANDU-6 CARTESIAN CELL

* jaea WLUP Library

* TEST VARIOUS LEAKAGE OPTIONS
*

* Define STRUCTURES and MODULES used
* mm——
LINKED_LIST
LIBRARY CANDU6S CANDU6T CANDU6SV CANDU6TV TRACK
SYS FLUX EDITION ;
MODULE
GEO: EXCELT: LIB: SHI: ASM: FLU: EDI:
DELETE: END: ;
SEQ_BINARY
INTLIN ;
K ————
*  Depletion data from file iaea format WIMSD4
*  Microscopic cross sections from file iaea format WIMSDA4
K ————
PROCEDURE TCWUO5LIb ;
INTEGER iedit ;== 1 ;
LIBRARY := TCWUOSLib :: <<iedit>> ;

F—

* Geometry CANDU6S : GEOMETRY FOR SELF-SHIELDING (NO VOID)

* CANDUGF : GEOMETRY FOR TRANSPORT (NO VOID)
* CANDUGFV: GEOMETRY FOR TRANSPORT (COOLANT VOID)
* CANDUG6FV: GEOMETRY FOR TRANSPORT (COOLANT VOID)
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F—

CANDUG6S = GEO:
X+ REFL X- REFL MESHX -14.2875 14.2875
Y+ REFL Y- REFL MESHY -14.2875 14.2875

RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 14.00

MIX 1

;> CARCEL 5

2 3

CLUSTER ROD1 ROD2 ROD3 ROD4

. ROD1 := GEO: TUBE 2 MIX 6 10 NPIN 1 RPIN 0.0000 APIN 0.0000
RADIUS 0.00000 0.6122 0.6540 ;

;. ROD2 = GEO:
;. ROD3 = GEO:
;. ROD4 = GEO:
CANDUGT := GEO: CANDUS6S ::
;. ROD1 = GEO:
;. ROD2 = GEO:
;. ROD3 = GEO:
;. ROD4 = GEO:
CANDUGSV = GEO:
CANDUGTV := GEO:
;. ROD1 = GEO:
;. ROD2 = GEO:
;. ROD3 = GEO:
;. ROD4 = GEO:

K m———

ROD1
ROD1
ROD1

4

ROD1 SPLITR 2 1 ;
ROD2 SPLITR 2 1 ;
ROD3 SPLITR 2 1 ;
ROD4 SPLITR 2 1 ;

CANDUGS
CANDUGSV ::
ROD1 SPLITR
ROD2 SPLITR
ROD3 SPLITR
ROD4 SPLITR

* CASE WITH NO VOID
*  Self-Shielding calculation EXCEL

*  Transport calculation
* Flux TYPE K AND B WITH VARIOUS LEAKAGE OPTIONS

K m———

TRACK INTLIN

TITLE 'TCWUO7: CANDU-6 CARTESIAN FUEL TEMP=

P

2
2
2
2

EXCEL

L
1
1 -
1
1

D MIX 0 2
S

ITR

’
’
’

’

;= EXCELT: CANDUGS ::

5

3455,
611

EDIT 0 MAXR 14 TRAK TISO 7 20.0 SYMM 4 ;

LIBRARY := SHI:

EDIT O ;
TRACK INTLIN
TRACK INTLIN

TITLE 'TCWUO7: CANDU-6 CARTESIAN FUEL TEMP=
EDIT 0 MAXR 32 ANIS 2 TRAK TISO 7 20.0 SYMM 4 ;

= DELETE: TRACK INTLIN ;

;= EXCELT: CANDUG6T ::

LIBRARY TRACK INTLIN ::

SYS = ASM: LIBRARY TRACK INTLIN ::
EDIT 0 PIUK ;
FLUX := FLU: SYS LIBRARY TRACK ::

TYPE K ;

EDITION := EDI:

TYPE B Bl

EDITION := EDI:

FLUX LIBRARY TRACK ::
EDIT 3 SAVE COND 4.0 TAKE REGI 1 4 7 10 16 24 ;

FLUX := FLU: FLUX SYS LIBRARY TRACK ::

PNL ;

EDITION FLUX LIBRARY TRACK ::
EDIT 3 SAVE COND 4.0 TAKE REGI 1 4 7 10 16 24 ;

FLUX := FLU: FLUX SYS LIBRARY TRACK ::

1

SPLITR 611 110

10

941.29’

941.29°

5

MIX 7 10 NPIN 6 RPIN 1.4885 APIN 0.0000
MIX 8 10 NPIN 12 RPIN 2.8755 APIN 0.261799
MIX 9 10 NPIN 18 RPIN 4.3305 APIN 0.0

165
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TYPE B Bl HETE ;

EDITION := EDI: EDITION FLUX LIBRARY TRACK ::

EDIT 3 SAVE COND 4.0 TAKE REGI 1 4 7 10 16 24 ;
FLUX SYS TRACK INTLIN := DELETE: FLUX SYS TRACK INTLIN ;
K ————

* CASE WITH COOLANT VOIDED

Self-Shielding calculation EXCEL

*  Transport calculation EXCEL

* Flux TYPE K AND B WITH VARIOUS LEAKAGE OPTIONS

K ————

TRACK INTLIN := EXCELT: CANDU6SV ::
TITLE 'TCWUOQ7: CANDU-6 CARTESIAN FUEL TEMP= 941.29
EDIT 0 MAXR 14 TRAK TISO 7 20.0 SYMM 4 ;

LIBRARY := SHI: LIBRARY TRACK INTLIN ::

*

EDIT O ;
TRACK INTLIN := DELETE: TRACK INTLIN ;
TRACK INTLIN := EXCELT: CANDUGTV ::

TITLE 'TCWUO7: CANDU-6 CARTESIAN FUEL TEMP= 941 29’

EDIT 0 MAXR 32 ANIS 2 TRAK TISO 7 20.0 SYMM 4 ;
SYS = ASM: LIBRARY TRACK INTLIN ::

EDIT 0 PIJK ;

FLUX := FLU: SYS LIBRARY TRACK ::

TYPE K ;

EDITION := EDI: EDITION FLUX LIBRARY TRACK ::

EDIT 3 SAVE COND 4.0 TAKE REGI 1 4 7 10 16 24 ;
FLUX := FLU: FLUX SYS LIBRARY TRACK ::

TYPE B B1 PNL ;

EDITION := EDI: EDITION FLUX LIBRARY TRACK ::

EDIT 3 SAVE COND 4.0 TAKE REGI 1 4 7 10 16 24 ;
FLUX := FLU: FLUX SYS LIBRARY TRACK ::

TYPE B B1 HETE ;

EDITION := EDI: EDITION FLUX LIBRARY TRACK ::

EDIT 3 SAVE COND 4.0 TAKE REGI 1 4 7 10 16 24 ;
FLUX SYS TRACK INTLIN := DELETE: FLUX SYS TRACK INTLIN ;
END: ;

QUIT "LIST" .

4.4.8 TCWUO8 — Burnup of an homogeneous cell

This case illustrates the burnup of an homogeneous cellspetds the first 1000 days in a reactor before
being removed. The depletion of the isotopes in this cellforadditional 1000 days outside of the core is also
investigated.

Input data for test casd:CWUO08.x2m

* mm——
* TEST CASE TCWWO08
HOMOGENEOUS DEPLETION CASE
iaea WLUP Library

L

REF:. None
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*
* m———
*  Define variables
Burnup paremeters
a) Power
= 600.0 kw/kg for 0.0 to 1000.0 days
= 0.0 kw/kg for 1000.0 to 2000.0 days
b) Burnup time interval Delt
10 days for 0 to 50 days
50 days for 50 to 500 days
100 days for 500 to 1000 days
1000 days for 1000 to 2000 days
c) Editing time Timec
= 0.0, 50.0, 500.0, 1000.0 and 2000.0 days
d) Burnup control time variables Timei, Timef, TotalTime
Timei = initial time
Timef = final time
TotalTime = Final time reached
d) Print variable Iprint
1 reduced print
3 full print

L . R I S R T

*
* m———
REAL
Power Delt Timec Timei Timef TotalTime :=
600.0 10.0 50.0 0.0 0.0 2000.0 ;
INTEGER
lprint := 1 ;
* m———

x  Define STRUCTURES and MODULES used

K m———

LINKED_LIST
LIBRARY HOM TRACK PIJ FLUX BURNUP EDITION ;
MODULE
GEO: SYBILT: LIB: SHI: ASM: FLU: EVO: EDL:
DELETE: END: ;

K m———

*  Depletion data from file iaea format WIMSD4
*  Microscopic cross sections from file iaea format WIMSDA4
* m———
LIBRARY := LIB: :
NMIX 1 CTRA WIMS
DEPL LIB: WIMSD4 FIL: iaea
MIXS LIB: WIMSD4 FIL: iaea

MIX 1 300.0 H1 = ’'3001 2.00000E+1
U235 = 2235 1.0 1
U236 = '8238’ 0.0 1

*  Geometry HOM : Homogeneous geometry
P
HOM := GEO: :: HOMOGE

MIX 1 ;
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F—

*  Self-Shielding calculation SYBIL
*  Transport calculation SYBIL
*  Flux calculation for keff
K m———
TRACK := SYBILT: HOM
TITLE "'TCWWO08: HOMOGENEOUS BENCHMARK WITH BURNUP’ ;
LIBRARY := SHI: LIBRARY TRACK :: ;
PIJ := ASM: LIBRARY TRACK :: ;
FLUX := FLU: PIJ LIBRARY TRACK ::
TYPE K ;
EDITION := EDI: FLUX LIBRARY TRACK ::
COND 4.0 MERGE COMP SAVE ;
K ————
*  Burnup loop: for first step BURNUP is created
* while for other steps it is modified
* mm——
WHILE Timei TotalTime < DO
EVALUATE Timef := Timei Delt + ;
IF Timef Timec = THEN
EVALUATE lprint := 3 ;
ELSE
EVALUATE lprint := 1 ;
ENDIF ;
IF Timei 0.0 = THEN
BURNUP LIBRARY := EVO: LIBRARY FLUX TRACK ::
EDIT <<lprint>> DEPL <<Timei>> <<Timef>> DAY
POWR <<Power>> ;
ELSE
BURNUP LIBRARY := EVO: BURNUP LIBRARY FLUX TRACK ::
EDIT <<lprint>> DEPL <<Timei>> <<Timef>> DAY
POWR <<Power>> ;
ENDIF ;
LIBRARY := SHI: LIBRARY TRACK : EDIT O ;
P1J := DELETE: PIJ ;
P1J := ASM: LIBRARY TRACK :: ;
FLUX := FLU: FLUX PIJ LIBRARY TRACK ::

TYPE K ;
IF Iprint 3 = THEN
EDITION := EDI: EDITION FLUX LIBRARY TRACK ::
SAVE ;
ENDIF ;

K m———

* change delta t for burnup, final time and power if required
* m———
IF Timef Timec = THEN
IF Timec 1000.0 = THEN
EVALUATE Power Delt Timec := 0.0 1000.0 2000.0 ;
ENDIF ;
IF Timec 500.0 = THEN
EVALUATE Delt Timec := 100.0 1000.0 ;
ENDIF ;
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IF Timec 50.0 = THEN
EVALUATE Delt Timec := 50.0 500.0 ;
ENDIF ;
ENDIF ;
EVALUATE Timei := Timef ;
ENDWHILE ;
END: ;
QUIT "LIST" .

4.4.9 TCWUOQ9 — Testing boundary conditions

This case tests different boundary conditions for the Miesteell (see Figure23).

Input data for test casd:CWUQ09.x2m

F—

* TEST CASE TCWUO09

* MOSTELLER BENCHMARK FOR 1-D ANNULAR CELL
* jaea WLUP Library

* REFLECTIVE AND VOID BC

*

*

*

REF: None

x  Define STRUCTURES and MODULES used

F—

LINKED_LIST

MOSTELA MOSTELV VOLMAT LIBRARY PIJ FLUX OUT ;
MODULE

LIB: GEO: JPMT: SYBILT: SHI: ASM: FLU: EDL:

DELETE: END: ;

* m———
*  Microscopic cross section from file iaea format WIMSD4
K ————
LIBRARY := LIB:
NMIX 3 CTRA WIMS
MIXS LIB: WIMSD4 FIL: iaea
MIX 1 600.0 016 = '6016° 4.61309E-2

U235 = '223%5 1.66078E-4 1
U238 = '8238"  2.28994E-2 1
MIX 2 600.0
Zr91 = 9r 3.83243E-2
MIX 3 600.0
H1H20 = '3001" 4.42326E-2 016H20 = '6016° 2.21163E-2
BNat = 1011 1.02133E-5

* m———
*  Geometry MOSTELA : Annular cell with reflective BC
* MOSTELV : Annular cell with void BC

K m———

MOSTELA = GEO: :: TUBE 3
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RADIUS 0.0 0.39306 0.45802 0.71206

SPLITR 2 1 1
MIX 1 2 3
R+ REFL ;

MOSTELV := GEO: MOSTELA ::
R+ VOID ;

* m———
*  Self-Shielding calculation JPM
*  Transport calculation SYBIL
*  Flux calculation for keff
K ————
VOLMAT := JPMT: MOSTELA ::
TITLE 'TCWU09: JPM TRACK MOSTELLER BENCHMARK REFLECTIVE BC
MAXR 4 IP01 QUA1l 5 ;
LIBRARY := SHI: LIBRARY VOLMAT :: ;
VOLMAT := DELETE: VOLMAT ;
VOLMAT := SYBILT: MOSTELA ::
TITLE 'TCWUO09: SYBIL TRACK MOSTELLER BENCHMARK REFLECTNEEC '’
MAXR 4 QUAL 5 ;
PIJ := ASM: LIBRARY VOLMAT : ;
FLUX := FLU: PIJ LIBRARY VOLMAT ::
TYPE K ;
OUT := EDI: FLUX LIBRARY VOLMAT ::
EDIT 4 MERG MIX 1 2 3 COND 4.0 SAVE ;
PIJ VOLMAT := DELETE: PIJ VOLMAT ;
VOLMAT := SYBILT: MOSTELV ::
TITLE 'TCWUO09: SYBIL TRACK MOSTELLER BENCHMARK VOID BC '’
MAXR 4 QUAL 5 ;
PIJ := ASM: LIBRARY VOLMAT :: ;
FLUX := FLU: FLUX PIJ LIBRARY VOLMAT ::
TYPE K ;
OUT := EDI: OUT FLUX LIBRARY VOLMAT ::
EDIT 4 MERG MIX 1 2 3 COND 4.0 SAVE ;
OUT FLUX PI1J LIBRARY VOLMAT := DELETE:
OUT FLUX PIJ LIBRARY VOLMAT ;
END: ;
QUIT "LIST" .

4.4.10 TCWU10 - Fixed source problem in multiplicative media

This case verifies the use of a fixed source inside a cell whesieffi also takes place.

Input data for test cas@:CWU10.x2m

K ————

TEST CASE TCwWU10

MOSTELLER BENCHMARK FOR 1-D ANNULAR CELL
iaea WLUP Library

FIXED SOURCE PROBLEM IN MULTIPLICATIVE MEDIA

L I .

REF:. None
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*

F—

*  Define STRUCTURES and MODULES used

K m———

LINKED_LIST
MOSTELA VOLMAT LIBRARY PIJ FLUX OUT ;
MODULE
LIB: MAC: GEO: JPMT: SYBILT: SHI: ASM: FLU: EDI:
DELETE: END: ;

K m———

*  Microscopic cross section from file iaea format WIMSD4
*  Fixed source of 1.0E5 in group 6
* m———
LIBRARY := LIB: ::
EDIT 0 NMIX 3 CTRA WIMS
MIXS LIB: WIMSD4 FIL: iaea
MIX 1 600.0 016 = ’'6016° 4.61309E-2

U235 = 2235 1.66078E-4 1
U238 = '8238"  2.28994E-2 1
MIX 2 600.0
Zr91 = 91 3.83243E-2
MIX 3 600.0
H1H20 = '3001" 4.42326E-2 016H20 = '6016° 2.21163E-2
BNat = 1011’ 1.02133E-5
LIBRARY := MAC: LIBRARY
EDIT O
READ INPUT
MIX 3 FIXE

0.0 0.0 0.0 0.0 0.0 1.0E+5 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

F—

*  Geometry MOSTELA : Annular cell with reflective BC

F—

MOSTELA := GEO: :: TUBE 3
RADIUS 0.0 0.39306 0.45802 0.71206

SPLITR 2 1 1
MIX 1 2 3
R+ REFL ;

K m———

*  Self-Shielding calculation JPM
*  Transport calculation SYBIL
*  Flux calculation for keff
* m———
VOLMAT := JPMT: MOSTELA ::
TITLE 'TCWU10: JPM TRACK MOSTELLER BENCHMARK’
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MAXR 4 IP01 QUALl 5 ;
LIBRARY SHI: LIBRARY VOLMAT :: ;
VOLMAT := DELETE: VOLMAT ;
VOLMAT := SYBILT: MOSTELA ::
TITLE 'TCWU10: SYBILT TRACK MOSTELLER BENCHMARK’
MAXR 4 QUALl 5 ;
Pl1J := ASM: LIBRARY VOLMAT :: ;
FLUX := FLU: P1J LIBRARY VOLMAT
TYPE K ;
OUT := EDI: FLUX LIBRARY VOLMAT
EDIT 4 MERG MIX 1 2 3 COND 4.0 ;
FLUX DELETE: FLUX ;
FLUX := FLU: PIJ LIBRARY VOLMAT
TYPE S EXTE 30 UNKT 1.0E-3 ;
OUT := EDI: OUT FLUX LIBRARY VOLMAT
EDIT 4 MERG MIX 1 2 3 COND 4.0 ;
OUT FLUX PIJ LIBRARY VOLMAT := DELETE:
OUT FLUX PIJ LIBRARY VOLMAT ;
END: ;
QUIT "LIST" .

4.4.11 TCWU11 - Two group burnup of a CANDU-6 type cell

This case is similar td CWUO5 except that the burnup module uses DRAGON generated twqgrime
dependent microscopic cross sections. This test case sésothie embedded DRAGON procedure stored in the
TCWUOSLib.c2m file.

Input data for test casd:CWU11.x2m

* mm——
TEST CASE TCwU11
CANDU-6 ANNULAR CELL
iaea WLUP Library

TWO GROUP BURNUP

POWER (KW) = 615.00000
BURN POWER (KW/KG) =  31.97130
URANIUM MASS = 19.23600
UO2 REAL DENSITY =  10.59300
UO2 EFF DENSITY =  10.43750
UO2 TEMPERATURE = 0941.28998
ENRICHMENT = 0.71140
COOLANT D2 AT % = 99.222
MODERATOR D2 AT % =  99.911
NUMBER OF DAYS = 50

Define variables
Burnup paremeters
a) Power
= 31.9713 kw/kg for 0.0 to 300.0 days
b) 69 Groups Burnup time interval Delt

L R B . T R N T N N S S R N S
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* = 300 day for 0 to 300 day
* c) 2 Groups Burnup time interval Delt
* = 1 day for 0 to 1 day
* = 4 days for 1 to 5 days
* = 5 days for 5 to 10 days
* = 10 days for 10 to 50 days
* = 20 days for 50 to 150 days
* = 50 days for 150 to 300 days
* c) Days with burnup interval changes
* = 1.0, 5.0, 10.0, 50.0, 150.0 and 300.0 days
* d) Burnup control time variables Timei, Timef
* Timei = initial time
* Timef = final time
REAL
Power Delt Timec  Timei Timef =

319713 1.0 3000 0.0 0.0 ;

F—

+ Define STRUCTURES and MODULES used
K ————
LINKED_LIST LIBRARY ;
LINKED_LIST
CANDU6S CANDUG6F VOLMATS VOLMATF PIJ FLUX BURNUP EDITION ;
SEQ_BINARY
INTLINS INTLINF ;
SEQ_ASCII
res ;
MODULE
GEO: EXCELT: LIB: SHI: ASM: FLU: EVO: EDI:
DELETE: UTL: END: ;
K ————
* Depletion data from file iaea format WIMSD4
*  Microscopic cross sections from file iaea format WIMSDA4
* m———
PROCEDURE TCWUOSLIb ;
INTEGER  iedit := 1 ;
LIBRARY := TCWUOSLib :: <<iedit>> ;
* mm——
*  Geometry CANDUGS : 13 regions annular cluster for self-shie Iding
* CANDUGF : 31 regions annular cluster for transport
K ————
CANDUGS = GEO: :: TUBE 5
R+ REFL RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 16.1 2171
MIX 12345
CLUSTER ROD1 ROD2 ROD3 ROD4
;. ROD1 := GEO: TUBE 2 MIX 6 10 NPIN 1 RPIN 0.0000 APIN 0.0000
RADIUS 0.00000 0.6122 0.6540 ;

:» ROD2 := GEO: ROD1 MIX 7 10 NPIN 6 RPIN 1.4885 APIN 0.0000 ;
. ROD3 = GEO: ROD1 MIX 8 10 NPIN 12 RPIN 2.8755 APIN 0.261799 ;
. ROD4 = GEO: ROD1 MIX 9 10 NPIN 18 RPIN 4.3305 APIN 0.0 ;

CANDUGF := GEO: CANDUG6S :: SPLITR 6 11 1 10
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;> ROD1 := GEO: ROD1 SPLITR 2 1 ;
;2 ROD2 := GEO: ROD2 SPLITR 2 1 ;
:» ROD3 = GEO: ROD3 SPLITR 2 1 ;
:: ROD4 = GEO: ROD4 SPLITR 2 1

’

F—

*  Self-Shielding calculation EXCEL
*  Transport calculation EXCEL
*  Flux calculation for keff
K ————
VOLMATS INTLINS := EXCELT: CANDUSG6S ::
TITLE 'TCWU11l: FEW GROUP BURNUP / SELF-SHIELDING TRACKING’
EDIT 0 MAXR 13 TRAK TISO 5 10.0 SYMM 12 ;
LIBRARY := SHI: LIBRARY VOLMATS INTLINS ::
EDIT O ;
VOLMATF INTLINF := EXCELT: CANDUGF ::
TITLE 'TCWU11l: FEW GROUP BURNUP / TRANSPORT TRACKING’
EDIT 0 MAXR 31 TRAK TISO 5 10.0 SYMM 12 ;
P1J := ASM: LIBRARY VOLMATF INTLINF :: ;
FLUX := FLU: PIJ LIBRARY VOLMATF ::
TYPE K ;
EDITION := EDI: FLUX LIBRARY VOLMATF CANDUGF ::
MERG REGI 6 610 7 710 1 1 8 810 1
1 9 910 1 1 2 3 4 5 5 5
5 5 5 5 5 5 5
COND 4.0 FLIB ALL SAVE
SPH MGEO CANDUG6F
;o EXCELT: EDIT 0 MAXR 31 TRAK TISO 5 10.0 SYMM 12 ;
* 69 group Burnup
K ————
BURNUP LIBRARY := EVO: LIBRARY FLUX VOLMATF ::
EDIT 3 EXPM 200.0 DEPL <<Timei>> <<Timec>> DAY POWR <<Power>> ;
LIBRARY := SHI: LIBRARY VOLMATS INTLINS ::
EDIT O ;
P1J := DELETE: PIJ ;
P1J := ASM: LIBRARY VOLMATF INTLINF :: ;
FLUX := FLU: FLUX PIJ LIBRARY VOLMATF ::
TYPE K ;
EDITION := EDI: EDITION FLUX LIBRARY VOLMATF CANDUGF ::
PERT
SPH MGEO CANDUG6F
;o EXCELT: EDIT 0 MAXR 31 TRAK TISO 5 10.0 SYMM 12 ;

BURNUP FLUX PIJ LIBRARY INTLINS VOLMATS CANDUG6S := DELETE:
BURNUP FLUX PIJ LIBRARY INTLINS VOLMATS CANDUGS ;

EDITION := UTL: EDITION :: STEP UP 'REF-CASE 1
LIBRARY := EDITION ;
EDITION := UTL: EDITION :: STEP DOWN ;

EDITION := DELETE: EDITION ;
P1J := ASM: LIBRARY VOLMATF INTLINF :: ;
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FLUX := FLU: PIJ LIBRARY VOLMATF ::
TYPE K ;
EDITION := EDI: FLUX LIBRARY VOLMATF ::
EDIT 1 MERGE COMP FLIB ALL SAVE ;
EVALUATE Timec = 1.0 ;
WHILE Timei Timec < DO
EVALUATE Timef := Timei Delt + ;
IF Timei 0.0 = THEN
BURNUP LIBRARY := EVO: LIBRARY FLUX VOLMATF ::
EDIT 3 DEPL <<Timei>> <<Timef>> DAY POWR <<Power>> ;
ELSE
BURNUP LIBRARY := EVO: BURNUP LIBRARY FLUX VOLMATF ::
EDIT 3 DEPL <<Timei>> <<Timef>> DAY POWR <<Power>> ;
ENDIF ;
P1J := DELETE: PIJ ;
P1J := ASM: LIBRARY VOLMATF INTLINF :: ;
FLUX := FLU: FLUX PIJ LIBRARY VOLMATF ::
TYPE K ;
EDITION := EDI: EDITION FLUX LIBRARY VOLMATF ::
SAVE ;
K ————
* change delta t for burnup and final time if required

F—

IF Timef Timec = THEN

IF Timec 5.0 THEN
EVALUATE Delt Timec := 5.0 10.0 ;
ENDIF ;

IF Timec 1.0 = THEN

EVALUATE Delt Timec := 4.0 5.0 ;
ENDIF ;
ENDIF ;
EVALUATE Timei := Timef ;
ENDWHILE ;

res := EDITION ;
EDITION BURNUP FLUX PI1J LIBRARY INTLINF VOLMATF CANDUGF := BLETE:
EDITION BURNUP FLUX PIJ LIBRARY INTLINF VOLMATF CANDUGF ;

END: ;
QUIT "LIST" .

4.4.12 TCWU12 — Mixture composition

This case illustrates the use of thd=O: module of DRAGON (see Sectin 3]12) as well as@@MBption
in the module_IB: (see Sectiof 312).

Input data for test casd:CWU12.x2m

F—
TEST CASE TCWwU12

* jaea WLUP Library
* GENERATE A LIBRARY USING INFO AND OTHER OPTIONS
*

*
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* REF: None
*
K m———
*  Define variables and initialize
* Coolant properties
* a) Input
* TempCool = Coolant temperature (K)
* Purity = D2/(D2+H1) Weight % ratio in Coolant
* b) Output
* DensCool = Coolant Density (g/cm *x 3)
* WH1C = H1 Weight % in Coolant
* wD2C = D2 Weight % in Coolant
* WOQO16C = 016 Weight % in Coolant
* Fuel properties
* a) Input
* TempFuel = Fuel temperature (K)
* Enrichment = U235/(U235+U238) Weight % ratio in Fuel
* DensFuel = Fuel Density (g/cm *x 3)
* b) Output
* WU235F = U235 Weight % in Fuel
* WU238F = U238 Weight % in Fuel
* WO16F = 016 Weight % in Fuel
* m———
REAL
TempCool Purity TempFuel Enrichment DensFuel =
560.66 99.95 941.29 0.72 10.437501 ;
REAL

WH1C WD2C WO16C DensCool
WU235F WU238F WOI16F ;

K m———

x  Define STRUCTURES and MODULES used
K ————
LINKED_LIST
LIBRARY ;
MODULE
LIB: INFO:
END: ;
* m———

* Get Coolant properties

F—

ECHO

“Input - Coolant temperature (K) " TempCool ;
ECHO

"Input - D2/(D2+H1) Weight % ratio in Coolant" Purity ;
INFO: ::

TMP: <<TempCool>> K

PUR: <<Purity>> WGT%

CALC DENS WATER >>DensCool<<

LIB: WIMSD4 FIL: iaea

ISO: 3 '3001" '3002" '6016’

CALC WGT% D20 >>WHI1C<< >>WD2C<< >>WO016C<<
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ECHO
"Output - Coolant Density (g/cm + 3)" DensCool ;
ECHO
"Output - H1 Weight % in Coolant " WHI1C ;
ECHO
"Output - D2 Weight % in Coolant " WD2C ;
ECHO
"Output - 016 Weight % in Coolant " WO16C ;

K m———

* Get Fuel properties
K ————
ECHO

"Input - Fuel temperature (K) " TempFuel ;
ECHO

“Input - U235/(U235+U238) Weight % ratio in Fuel" Enrichmen t;
ECHO

"Input - Fuel Density (g/cm *x 3) " DensFuel ;
INFO: ::

ENR: <<Enrichment>> WGT%

LIB: WIMSD4 FIL: iaea

ISO: 3 '223% '8238' ‘6016’

CALC WGT% UO2 >>WU235F<< >>WU238F<< >>WO16F<<

ECHO

"Output - U235 Weight % in Fuel" WU235F ;
ECHO

"Output - U238 Weight % in Fuel" WU238F ;
ECHO

"Output - 016 Weight % in Fuel " WO16F ;

K m———
*  Microscopic cross sections from file iaea format WIMSDA4
K ————
LIBRARY := LIB:
NMIX 8 CTRA WIMS
MIXS LIB: WIMSD4 FIL: iaea

MIX 1 <<TempCool>> <<DensCool>> 016 = '6016’ <<WO016C>>
D2D20 = '3002" <<WD2C>> H1H20 = '3001' <<WH1C>>
MIX 2 <<TempFuel>> <<DensFuel>> 016 = '6016° <<WO1l6F>>
U235 = 2235  <<WU235F>> 1
U238 = '8238"  <<WU238F>> 1

MIX 3 COMB 1 0.5 0 0.5
MIX 4 COMB 1 0.1 2 0.9

END: ;
QUIT "LIST" .

4.4.13 TCWU13 - Solution by the method of cyclic characteristics

This case illustrates the use of t®OCC:module of DRAGON for a solution by the transport equation by
the method of cyclic characteristics. This test case algs tise embedded DRAGON procedure stored in the
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TCWUOS5LIib.c2m file.

Input data for test cas@:CWU13.x2m

*

L I S T R R T T S T R R T I I R I S T

*

*

*

TEST CASE TCWW13
CANDU-6 ANNULAR CELL
iaea WLUP Library

POWER (KW) = 615.00000
BURN POWER (KW/KG) =  31.97130
URANIUM MASS = 19.23600
UO2 REAL DENSITY = 10.59300
UO2 EFF DENSITY = 10.43750
UO2 TEMPERATURE = 941.28998
ENRICHMENT = 0.71140
COOLANT D2 AT % = 99.222
MODERATOR D2 AT % =  99.911
NUMBER OF DAYS = 50

Define variables and initialize
Burnup paremeters
a) Power
= 31.9713 kw/kg for 0.0 to 300.0 days
b) Burnup time interval Delt
1 day for 0 to 1 day
4 days for 1 to 5 days
5 days for 5 to 10 days
10 days for 10 to 50 days
20 days for 50 to 150 days
50 days for 150 to 300 days
c) Days with burnup interval changes
= 1.0, 5.0, 10.0, 50.0, 150.0 and 300.0 days
d) Burnup control time variables Timei, Timef, TotalTime
Timei = initial time
Timef = final time
TotalTime = Final time reached

Define STRUCTURES and MODULES used

LINKED_LIST

LIBRARY CANDU6S CANDUG6F VOLMATF PIJ FLUX ;

SEQ_BINARY

INTLINF ;

SEQ_ASCII

flxxel flxmoc ;

MODULE

*

*

*

GEO: SHI: EXCELT: ASM: FLU: MOCC:

DELETE: END: ;

Depletion data from file iaea format WIMSDA4
Microscopic cross sections from file iaea format WIMSD4

178
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F—

PROCEDURE TCWUOSLIb ;
INTEGER iedit ;= 1 ;

LIBRARY := TCWUOSLIb :: <<iedit>> ;

1
K m———

*  Geometry CANDUGS : 13 regions annular cluster for self-shie Iding
* CANDUGF : 31 regions annular cluster for transport

F—

CANDUGS = GEO: :: CARCEL 5
X+ REFL X- REFL MESHX -14.2875 14.2875
Y+ REFL Y- REFL MESHY -14.2875 14.2875
RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 14.00
MIX 123455
CLUSTER ROD1 ROD2 ROD3 ROD4
2 ROD1 := GEO: TUBE 2 MIX 6 10 NPIN 1 RPIN 0.0000 APIN 0.0000
RADIUS 0.00000 0.6122 0.6540 ;

. ROD2 := GEO: ROD1 MIX 7 10 NPIN 6 RPIN 1.4885 APIN 0.0000 ;
. ROD3 = GEO: ROD1 MIX 8 10 NPIN 12 RPIN 2.8755 APIN 0.261799 ;
. ROD4 = GEO: ROD1 MIX 9 10 NPIN 18 RPIN 4.3305 APIN 0.0 ;

CANDUGF := GEO: :: CARCEL 5

X- REFL X+ REFL Y- REFL Y+ REFL

MESHX 0.0 28.375

MESHY 0.0 28.375

RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 14.0

MIX 123455

SPLITR 611110

CLUSTER ROD1 ROD2 ROD3 ROD4

. ROD1 := GEO: TUBE 2 MIX 6 10 NPIN 1 RPIN 0.0000 APIN 0.0000
RADIUS 0.00000 0.6122 0.6540 SPLITR 2 1 ;

:» ROD2 := GEO: ROD1 MIX 7 10 NPIN 6 RPIN 1.4885 APIN 0.0000 ;
:» ROD3 := GEO: ROD1 MIX 8 10 NPIN 12 RPIN 2.8755 APIN 0.261799 ;
. ROD4 = GEO: ROD1 MIX 9 10 NPIN 18 RPIN 4.3305 APIN 0.0 ;

VOLMATF INTLINF := EXCELT: CANDUS6S ::
EDIT 0 MAXR 100 TRAK TISO 29 20.0 ;
LIBRARY := SHI: LIBRARY VOLMATF INTLINF ::
EDIT O ;
VOLMATF INTLINF DELETE: VOLMATF INTLINF ;
VOLMATF INTLINF EXCELT: CANDUGF ::
TITLE 'TCWW13: CANDU-6 ANNULAR POWER= 31.971 FUEL TEMP= 94D’
EDIT 0 MAXR 32 TRAK TSPC 12 10.0 ;
P1J := ASM: LIBRARY VOLMATF INTLINF :: ;
FLUX := FLU: PIJ LIBRARY VOLMATF ::
TYPE K ;
flxxel := FLUX ;
FLUX PIJ := DELETE: FLUX P1J ;
FLUX := MOCC: LIBRARY VOLMATF INTLINF ::
CACB TYPE K
THER 1.0E-5 100 EXTE 1.0E-5 100 ;
flxmoc = FLUX ;
FLUX := DELETE: FLUX ;
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INTLINF VOLMATF CANDUGF := DELETE: INTLINF VOLMATF CANDUGE
LIBRARY := DELETE: LIBRARY ;
END: ;

QUIT "LIST" .
4.4.14 TCWU14 — SPH Homogenisation without tracking

This case illustrates the use of tB®Hhomogenisation procedure in te®Il: module of DRAGON when a

tracking data structure is provided as input. This test eés®uses the embedded DRAGON procedure stored in
the TCWUOSLIib.c2m file.

Input data for test casd:CWU14.x2m

F—

* TEST CASE TCwwi14

*  CANDU-6 Cartesian CELL

* UO2 REAL DENSITY = 10.59300
x UO2 EFF DENSITY = 10.43750
*  UO2 TEMPERATURE = 941.28998
*  ENRICHMENT = 0.71140
*  COOLANT D2 AT % = 99.222

*  MODERATOR D2 AT % = 99.911
*

K m———

*  Define STRUCTURES and MODULES used
* m———
LINKED_LIST
LIBRARY CANDUG6F CANDU6S VOLMATF CANDU6H VOLMATH PIJ FLUXI@D ;
SEQ_BINARY
INTLINF INTLINH ;
MODULE
GEO: EXCELT: LIB: ASM: FLU: EDI: SHI:
DELETE: END: ;

K m———

+  Depletion data from file iaea format WIMSD4
*  Microscopic cross sections from file iaea format WIMSDA4
* m———
PROCEDURE TCWUOSLIb ;
INTEGER  iedit := 1 ;
LIBRARY := TCWUOSLib :: <<iedit>> ;
CANDUGS = GEO: :: CARCEL 5

X+ REFL X- REFL MESHX -14.2875 14.2875

Y+ REFL Y- REFL MESHY -14.2875 14.2875

RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 14.00

MIX 123455

CLUSTER ROD1 ROD2 ROD3 ROD4

. ROD1 := GEO: TUBE 2 MIX 6 10 NPIN 1 RPIN 0.0000 APIN 0.0000

RADIUS 0.00000 0.6122 0.6540 ;

:» ROD2 := GEO: ROD1 MIX 7 10 NPIN 6 RPIN 1.4885 APIN 0.0000 ;
:» ROD3 := GEO: ROD1 MIX 8 10 NPIN 12 RPIN 2.8755 APIN 0.261799 ;
. ROD4 = GEO: ROD1 MIX 9 10 NPIN 18 RPIN 4.3305 APIN 0.0 ;
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VOLMATF INTLINF := EXCELT: CANDUS6S ::
EDIT 0 MAXR 100 TRAK TISO 29 20.0 ;
LIBRARY := SHI: LIBRARY VOLMATF INTLINF ::
EDIT O ;
VOLMATF INTLINF := DELETE: VOLMATF INTLINF ;
CANDUG6F = GEO: :: CARCEL 8
X- REFL MESHX -14.2875 14.2875 X+ REFL
Y- REFL MESHY -14.2875 14.2875 Y+ REFL
RADIUS 0.00000 0.7221626 2.160324 3.600681
5.168878 5.60320 6.44780 6.587482 14.0
SPLITR 1 2 2 2 1 1 1 9
MIX 14 15 16 17
2 3 4 5 5
CLUSTER ROD1 ROD2 ROD3 ROD4
:: ROD1 = GEO: TUBE 2 MIX 6 10
NPIN 1 RPIN 0.0000 APIN 0.0000
RADIUS 0.00000 0.6122 0.6540 SPLITR 2 1 ;
:» ROD2 := GEO: ROD1 MIX 7 11
NPIN 6 RPIN 1.4885 APIN 0.0000 ;
:: ROD3 = GEO: ROD1 MIX 8 12
NPIN 12 RPIN 2.8755 APIN 0.261799 ;
:» ROD4 = GEO: ROD1 MIX 9 13
NPIN 18 RPIN 4.3305 APIN 0.0 ;

CANDUGH := GEO: :: CARCEL 8
X- REFL MESHX -14.2875 14.2875 X+ REFL
Y- REFL MESHY -14.2875 14.2875 Y+ REFL
RADIUS 0.00000 0.7221626 2.160324 3.600681
5.168878 5.60320 6.44780 6.587482 14.0

SPLITR 1 2 2 2 1 1 1 9
MIX 1 2 3 4
5 6 7 8 8

VOLMATF INTLINF := EXCELT: CANDUG6F ::
TITLE 'TCWW14 Flux geometry’
EDIT 0 MAXR 100 TRAK TISO 12 20.0
VOLMATH INTLINH := EXCELT: CANDUG6H ::
TITLE 'TCWW14 Homogenisation geometry’
EDIT 0 MAXR 100 TRAK TISO 12 20.0 ;
PIJ := ASM: LIBRARY VOLMATF INTLINF :: ;
FLUX := FLU: PIJ LIBRARY VOLMATF ::
TYPE K ;
EDITION := EDI: FLUX LIBRARY VOLMATF VOLMATH INTLINH ::
MERGE MIX
05678
4
1

341
412

A WN

1
2
3
SPH MTRK SAVE ;

PIJ FLUX EDITION := DELETE: PIJ FLUX EDITION ;

INTLINF VOLMATF CANDUGF := DELETE: INTLINF VOLMATF CANDUGE
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INTLINH VOLMATH CANDUG6H := DELETE: INTLINH VOLMATH CANDUGH
LIBRARY := DELETE: LIBRARY ;

END: ;

QUIT "LIST" .

4.4.15 TCWU15 — A CANDU-6 type Cartesian cell with burnup

This test case is similar BCWUO5 except that the cell boundary are Cartesian and\ik€: tracking module
is used. It uses the embedded DRAGON procedure stored iRGMEUO5Lib.c2m file.

Input data for test cas@:CWU15.x2m

K m———

TEST CASE TCWUO05
CANDU-6 ANNULAR CELL
iaea WLUP Library

POWER (KW) = 615.00000
BURN POWER (KW/KG) =  31.97130
URANIUM MASS = 19.23600
UO2 REAL DENSITY = 10.59300
UO2 EFF DENSITY = 10.43750
UO2 TEMPERATURE = 941.28998
ENRICHMENT = 0.71140
COOLANT D2 AT % = 99.222
MODERATOR D2 AT % =  99.911
NUMBER OF DAYS = 50

Define variables and initialize
Burnup paremeters
a) Power
= 31.9713 kw/kg for 0.0 to 300.0 days
b) Burnup time interval Delt
1 day for 0 to 1 day
4 days for 1 to 5 days
5 days for 5 to 10 days
10 days for 10 to 50 days
20 days for 50 to 150 days
50 days for 150 to 300 days
c) Days with burnup interval changes
= 1.0, 5.0, 10.0, 50.0, 150.0 and 300.0 days
d) Burnup control time variables Timei, Timef

L S I N S T S T S A S T S N N I

Timei = initial time
* Timef = final time
K mm——
REAL
Power Delt Timec Timei Timef =

319713 1.0 10 0.0 0.0 ;

K m———

*  Define STRUCTURES and MODULES used

F—
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LINKED_LIST
LIBRARY CANDU6S CANDU6F VOLMATS VOLMATF PIJ FLUX BURNUFTIEDNI
COMPO1 COMPO2 ;

SEQ_BINARY
INTLINS INTLINF ;

SEQ_ASCII
fuel mode ;

MODULE
GEO: NXT: SHI: ASM: FLU: EVO: EDI: CPO:
DELETE: END: ;

K m———

*  Depletion data from file iaea format WIMSD4

*  Microscopic cross sections from file iaea format WIMSDA4
K ————

PROCEDURE TCWUOSLIib ;

INTEGER  iedit == 1 ;

LIBRARY := TCWUOSLIib :: <<iedit>> ;

)
F—

*  Geometry CANDUGS : 13 regions annular cluster for self-shie Iding
* CANDUGF : 31 regions annular cluster for transport

K m———

CANDUG6S = GEO: :: CARCEL 5
X+ REFL X- REFL MESHX -14.2875 14.2875
Y+ REFL Y- REFL MESHY -14.2875 14.2875
RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 14.00
MIX 123455
CLUSTER ROD1 ROD2 ROD3 ROD4
;2 ROD1 := GEO: TUBE 2 MIX 6 10 NPIN 1 RPIN 0.0000 APIN 0.0000
RADIUS 0.00000 0.6122 0.6540 ;

:» ROD2 := GEO: ROD1 MIX 7 10 NPIN 6 RPIN 1.4885 APIN 0.0000 ;
:» ROD3 := GEO: ROD1 MIX 8 10 NPIN 12 RPIN 2.8755 APIN 0.261799 ;
:» ROD4 := GEO: ROD1 MIX 9 10 NPIN 18 RPIN 4.3305 APIN 0.0 ;

CANDUGF := GEO: CANDU6S :: SPLITR 6 1 1 1 10

. ROD1 := GEO: ROD1 SPLITR 2 1 ;
» ROD2 := GEO: ROD2 SPLITR 2 1 ;
2 ROD3 := GEO: ROD3 SPLITR 2 1 ;
. ROD4 = GEO: ROD4 SPLITR 2 1 ;

* m———
*  Self-Shielding calculation EXCEL
*  Transport calculation EXCEL
*  Flux calculation for keff
* mm——
VOLMATS INTLINS := NXT: CANDUGS ::
TITLE 'TCWUO05: CANDU-6 CARTESIAN POWER= 31.971 FUEL TEMP= £1.29’
EDIT 0 TRAK TISO 5 10.0 ;
LIBRARY := SHI: LIBRARY VOLMATS INTLINS ::
EDIT O ;
VOLMATF INTLINF := NXT: CANDUG6F ::
TITLE 'TCWUO05: CANDU-6 CARTESIAN POWER= 31.971 FUEL TEMP= 41.29’
EDIT 0 TRAK TISO 5 10.0 ;
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P1J

:= ASM: LIBRARY VOLMATF INTLINF :: ;

FLUX := FLU: PIJ LIBRARY VOLMATF ::
TYPE K ;
EDITION := EDI: FLUX LIBRARY VOLMATF ::

COND 4.0 MERGE MIX 0 0001 00 0 0 O SAVE ON
EDITION := EDI: EDITION FLUX LIBRARY VOLMATF ::
COND 4.0 MERGE COMP MICR 1 Xel35 SAVE ,;

F—

*  Burnup loop: for first step BURNUP is created

* while for other steps it is modified

K m———

WHI

LE Timei Timec < DO

EVALUATE Timef := Timei Delt + ;
IF Timei 0.0 = THEN
BURNUP LIBRARY := EVO: LIBRARY FLUX VOLMATF ::

DEPL <<Timei>> <<Timef>> DAY POWR <<Power>> ;

ELSE
BURNUP LIBRARY := EVO: BURNUP LIBRARY FLUX VOLMATF ::

DEPL <<Timei>> <<Timef>> DAY POWR <<Power>> ;

ENDIF ;

LI

P
P

FLUX := FLU: FLUX PIJ LIBRARY VOLMATF ::

E

F—

* change delta t for burnup and final time if required

K m———

BRARY := SHI: LIBRARY VOLMATS INTLINS ::

EDIT O ;
IJ := DELETE: PIJ ;

[J := ASM: LIBRARY VOLMATF INTLINF :: ;

TYPE K ;

DITION := EDI: EDITION FLUX LIBRARY VOLMATF :

SAVE ;

IF Timef Timec = THEN

E
E

IF Timec 150.0 = THEN
EVALUATE Delt Timec

ENDIF ;

IF Timec 50.0 = THEN
EVALUATE Delt Timec

ENDIF ;

IF Timec 10.0 = THEN
EVALUATE Delt Timec

ENDIF ;

IF Timec 5.0 = THEN
EVALUATE Delt Timec

ENDIF ;

IF Timec 1.0 = THEN
EVALUATE Delt Timec

ENDIF ;

NDIF ;

VALUATE Timei := Timef ;

ENDWHILE ;

* m———
Save calculation results in CPO format file

*

50.0 300.0 ;

20.0 150.0 ;

10.0 50.0 ;

5.0 10.0 ;

4.0 5.0 ;

'EDITMOD’ ;

184
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F—

COMPO1 := CPO: BURNUP EDITION ::
BURNUP REF-CASE EXTRACT Xel35 Xel35 NAME MIXTRXE ;
fuel := COMPO1 ;
COMPO2 := CPO: EDITION ::
STEP 'EDITMOD’ NAME MIXTMOD ;
mode = COMPO2 ;
INTLINF INTLINS := DELETE: INTLINF INTLINS ;
END: ;
QUIT "LIST" .

4.4.16 TCWU16 — A basic PWR pin cell

This case represents a basic PWR pin cell. Itillustratesisieeof thePSP: module.

Input data for test casd:CWU16.x2m

X -

* A basic PWR pin cel.

* Author : T. Courau

* Date . 2004

* To test the NXT: and PSP: modules.

K m———

*  Define STRUCTURES and MODULES used

* m———

LINKED_LIST GEOMETRY DISCR PIJ SUBGEO ;
SEQ_ASCII Fig.ps ;

MODULE GEO: EXCELT: NXT: PSP: DELETE: END: ;
*

* ———

+* Define & set up parameters

* —mm

REAL LPitch = 1.26 ;

KX ———

*  Geometry GEOMETRY : Cartesian 3 region geometry
* ———
GEOMETRY := GEO: :: CAR2D 2 2
X+ REFL X- DIAG
Y+ DIAG Y- SYME
CELL C1 C2
C3
;o Cl = GEO: CAR2D 1 1
MESHX 0.00 <<LPitch>>
MESHY 0.00 <<LPitch>>
MIX 1 :
;o C2 = GEO: CAR2D 1 1
MESHX 0.00 <<LPitch>>
MESHY 0.00 <<LPitch>>
MIX 2 :
. C3 = GEO: CAR2D 1 1
MESHX 0.00 <<LPitch>>
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MESHY 0.00 <<LPitch>>

MIX 3 ;

DISCR := NXT: GEOMETRY :: EDIT 10
TISO 4 5.0 ;

Fig.ps := PSP: DISCR ;
Fig.ps := PSP: Fig.ps DISCR :: TYPE MIXTURE ;
DISCR := DELETE: DISCR ;
END: ;
QUIT "LIST" .

4.4.17 TCWU17 — A 2-D CANDU-6 supercell with control rods

This test case treats a 2-D CANDU-6 supercell containinpdiusters and control rods (see Figliré 27). The
use of the virtual homogenization mixtures definedHIX is also illustrated. This test case uses the embedded
DRAGON procedure stored in tHeCWU17Lib.c2m file.

Input data for test casd:CWU17.x2m

* mm——
* Exemple of the use of HMIX for cell homogenization

* 2-D supercell with fuel clusters based on AECL supercell mod el
* for G2 SOR and MCA with fuel and reactivity devices parallel

* References

* PREPARED BY : G. Marleau on 2013/06/11

*

* modules and data structures

K m———

SEQ_ASCII MACROLIBF ;

LINKED_LIST SORINS SORIN TRACK MicLib FLUX EDITION ;

XSM_FILE ASMPI1J ;

SEQ_ASCII FigReg.ps FigMix.ps FigHom.ps ;

SEQ_ASCII HomMix.txt HomHMix.txt ;

SEQ_BINARY Lines ;

MODULE GEO: EXCELT: EXCELL: SHI: ASM: LIB: FLU:
EDI: UTL: DELETE: FREE: END: INFO: CPO: MAC:
NXT: PSP: ;

PROCEDURE TCWU17Lib ;

INTEGER  iedit := 1 ;
MicLib := TCWU17Lib :: <<iedit>> ;
* m———
*+ DEFINE GEOMETRY FOR SUPERCELL CALCULATION
*  SORINS : 2D self-shielding geometry with SHUT-OFF ROD & GT in
* for annular fuel.
*  SORIN . 2D transport geometry with SHUT-OFF ROD & GT in
* for annular fuel.
* m———
SORINS = GEO: :: CAR2D 5 3
EDIT O
X- REFL X+ REFL
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Y- REFL Y+ REFL

CELL M MXL MX2 MXR M
MY FXYL BXY FXYR MY
M MXL MX2 MXR M

M = GEO: CAR2D 1 1

MESHX 0.0 7.14375
MESHY 0.0 7.14375
HMIX 0
MIX 5 ;

i MXL = GEO: CAR2D 2 1
MESHX -7.14375 0.0 7.14375

MESHY 0.0 7.14375
HMIX 0 1
MIX 515 ;

i MX2 = GEO: CAR2D 1 1
MESHX -7.14375 7.14375

MESHY 0.0 7.14375
HMIX 1
MIX 15 ;

i MXR = GEO: CAR2D 2 1
MESHX -7.14375 0.0 7.14375

MESHY 0.0 7.14375
HMIX 1 0
MIX 15 5 ;

i MY = GEO: CAR2D 1 2
MESHY -7.14375 0.0 7.14375

MESHX 0.0 7.14375
HMIX 0O O
MIX 5 5;

i BXY = GEO: CARCEL 2
MESHX -7.14375 7.14375
MESHY -7.14375 7.14375
RADIUS 0.0 6.380 6.530
HMIX 1 1 1
MIX 15 15 15
CLUSTER ROD
:» ROD := GEO: TUBE 4
NPIN 1 RPIN 0.0 APIN 0.0
RADIUS 0.0 5.4115 5.4877 5.5791 5.6553
HMIX 1 1 1 1
MIX 15 14 21 14 ; ;
0 FXYL = GEO: CARCEL 5 2 1
MESHX -7.14375 0.0 7.14375
MESHY -7.14375 7.14375
RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 7.00

HMIX 0 0 0 0 0 0
1 1 1 1 1 1

MIX 1 2 3 4 5 5
11 12 13 14 15 15

CLUSTER ROD1 ROD2L ROD2R ROD3L ROD3R ROD4L RODA4R
> ROD1 := GEO: TUBE 2 1 2 MIX 6 10 16 20 HMIX 0 0 1 1
NPIN 1 RPIN 0.0000 APIN 0.0000
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MESHX -0.6540 0.6540
MESHY -0.6540 0.0 0.6540
RADIUS 0.00000 0.6122 0.6540 ;
> ROD2L := GEO: TUBE 2 MIX 7 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 3 RPIN 1.4885
APIN 2.09439510 3.14159265 4.18879020 ;
GEO: TUBE 2 MIX 17 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 3 RPIN 1.4885
APIN -1.04719755 0.0000 1.04719755 ;
GEO: TUBE 2 MIX 8 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 6 RPIN 2.8755
APIN -2.87979327 -2.35619449 -1.83259571
1.83259571  2.35619449  2.87979327
GEO: TUBE 2 MIX 18 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 6 RPIN 2.8755
APIN -1.30899694 -0.78539816 -0.26179939
0.26179939  0.78539816  1.30899694
. ROD4L = GEO: TUBE 2 MIX 9 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 9 RPIN 4.3305
APIN 1.74532925  2.09439510  2.44346095
279252680  3.14159265  3.49065850
3.83972435  4.18879020  4.53785606
. ROD4R = GEO: TUBE 2 MIX 19 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 9 RPIN 4.3305
APIN -1.39626340 -1.04719755 -0.69813170
-0.34906585 0.0 0.34906585
0.69813170  1.04719755  1.39626340

. ROD2R

> ROD3L

. ROD3R

o FXYR = GEO: CARCEL 5 2 1
MESHX -7.14375 0.0 7.14375
MESHY -7.14375 7.14375
RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 7.00

HMIX 1 1 1 1 1 1
0 0 0 0 0 0
MIX 11 12 13 14 15 15
1 2 3 4 5 5

CLUSTER ROD1 ROD2L ROD2R ROD3L ROD3R ROD4L ROD4R
> ROD1 := GEO: TUBE 2 1 2 MIX 16 20 6 10 HMIX 1100
NPIN 1 RPIN 0.0000 APIN 0.0000
MESHX -0.6540 0.6540
MESHY -0.6540 0.0 0.6540
RADIUS 0.00000 0.6122 0.6540 ;
. ROD2L := GEO: TUBE 2 MIX 17 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 3 RPIN 1.4885

APIN 2.09439510 3.14159265 4.18879020 ;
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. ROD2R = GEO: TUBE 2 MIX 7 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 3 RPIN 1.4885
APIN -1.04719755 0.0000 1.04719755 ;
> ROD3L := GEO: TUBE 2 MIX 18 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 6 RPIN 2.8755
APIN -2.87979327 -2.35619449 -1.83259571
1.83259571  2.35619449  2.87979327 ,
> ROD3R := GEO: TUBE 2 MIX 8 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 6 RPIN 2.8755
APIN -1.30899694 -0.78539816 -0.26179939
0.26179939  0.78539816  1.30899694 ;
> ROD4L := GEO: TUBE 2 MIX 19 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 9 RPIN 4.3305
APIN  1.74532925  2.09439510  2.44346095
2.79252680  3.14159265  3.49065850
3.83972435  4.18879020  4.53785606 ;
> ROD4R = GEO: TUBE 2 MIX 9 10 HMIX 0 O

RADIUS 0.00000 0.6122 0.6540

NPIN 9 RPIN 4.3305

APIN -1.39626340 -1.04719755 -0.69813170
-0.34906585 0.0 0.34906585

0.69813170  1.04719755  1.39626340 ;

SORIN := GEO: :: CAR2D 5 3

EDIT 0O

X- REFL X+ REFL

Y- REFL Y+ REFL

CELL M MXL MX2 MXR M
MY FXYL BXY FXYR MY
M MXL MX2 MXR M

o M = GEO: CAR2D 1 1

MESHX 0.0 7.14375  SPLITX 2
MESHY 0.0 7.14375  SPLITY 2
HMIX 0
MIX 5 ;

0 MXL = GEO: CAR2D 2 1
MESHX -7.14375 0.0 7.14375 SPLITX 3 3

MESHY 0.0 7.14375  SPLITY 3
HMIX 0 1
MIX 515 ;

i MX2 = GEO: CAR2D 1 1
MESHX -7.14375 7.14375  SPLITX 6

MESHY 0.0 7.14375  SPLITY 3
HMIX 1
MIX 15 ;

o MXR = GEO: CAR2D 2 1
MESHX -7.14375 0.0 7.14375 SPLITX 3 3



IGE-174 Rev. 13 (Release 3.060) 190

MESHY 0.0 7.14375  SPLITY 3
HMIX 1 0
MIX 15 5

i MY = GEO: CAR2D 1 2
MESHY -7.14375 0.0 7.14375  SPLITY 3 3

MESHX 0.0 7.14375  SPLITX 3
HMIX 0O O
MIX 5 5

i BXY = GEO: CARCEL 2
MESHX -7.14375 7.14375  SPLITX 6
MESHY -7.14375 7.14375  SPLITY 6
RADIUS 0.0 6.380 6.530

SPLITR 2 2
HMIX 1 1 1
MIX 15 15 15

CLUSTER ROD
. ROD := GEO: TUBE 4
NPIN 1 RPIN 0.0 APIN 0.0
RADIUS 0.0 5.4115 5.4877 5.5791 5.6553

SPLITR 1 1 1 1
HMIX 1 1 1 1
MIX 15 14 21 14 ; ;

i FXYL := GEO: CARCEL 5 2 1
MESHX -7.14375 0.0 7.14375  SPLITX 3 3
MESHY -7.14375 7.14375  SPLITY 6
RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 7.00

HMIX 0 0 0 0 0 0
1 1 1 1 1 1

MIX 1 2 3 4 5 5
11 12 13 14 15 15

CLUSTER ROD1 ROD2L ROD2R ROD3L ROD3R ROD4L ROD4R
@ ROD1 = GEO: TUBE 2 1 2 MIX 6 10 16 20 HMIX 0 0 1 1
NPIN 1 RPIN 0.0000 APIN 0.0000
MESHX -0.6540 0.6540
MESHY -0.6540 0.0 0.6540
RADIUS 0.00000 0.6122 0.6540 ;
:» ROD2L := GEO: TUBE 2 MIX 7 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 3 RPIN 1.4885
APIN 2.09439510 3.14159265 4.18879020 ;
GEO: TUBE 2 MIX 17 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 3 RPIN 1.4885
APIN -1.04719755 0.0000 1.04719755 ;
GEO: TUBE 2 MIX 8 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 6 RPIN 2.8755
APIN -2.87979327 -2.35619449 -1.83259571
1.83259571  2.35619449  2.87979327 ;
GEO: TUBE 2 MIX 18 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 6 RPIN 2.8755

:» ROD2R

> ROD3L

. ROD3R
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APIN -1.30899694 -0.78539816 -0.26179939

0.26179939  0.78539816  1.30899694 ;

> ROD4L := GEO: TUBE 2 MIX 9 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 9 RPIN 4.3305
APIN  1.74532925  2.09439510  2.44346095
279252680  3.14159265  3.49065850

3.83972435  4.18879020  4.53785606 ;

. ROD4R = GEO: TUBE 2 MIX 19 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 9 RPIN 4.3305
APIN -1.39626340 -1.04719755 -0.69813170
-0.34906585 0.0 0.34906585

0.69813170  1.04719755  1.39626340 ;

i FXYR = GEO: CARCEL 5 2 1
MESHX -7.14375 0.0 7.14375  SPLITX 3 3
MESHY -7.14375 7.14375  SPLITY 6
RADIUS 0.00000 5.16890 5.60320 6.44780 6.58750 7.00

HMIX 1 1 1 1 1 1
0 0 0 0 0 0
MIX 11 12 13 14 15 15
1 2 3 4 5 5

CLUSTER ROD1 ROD2L ROD2R ROD3L ROD3R ROD4L RODA4R

2 ROD1 = GEO: TUBE 2 1 2 MIX 16 20 6 10 HMIX 1100

NPIN 1 RPIN 0.0000 APIN 0.0000
MESHX -0.6540 0.6540
MESHY -0.6540 0.0 0.6540
RADIUS 0.00000 0.6122 0.6540 ;
:» ROD2L := GEO: TUBE 2 MIX 17 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 3 RPIN 1.4885
APIN 2.09439510 3.14159265 4.18879020 ;
GEO: TUBE 2 MIX 7 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 3 RPIN 1.4885
APIN -1.04719755 0.0000 1.04719755 ;
. ROD3L := GEO: TUBE 2 MIX 18 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 6 RPIN 2.8755
APIN -2.87979327 -2.35619449 -1.83259571
1.83259571  2.35619449  2.87979327 ,
GEO: TUBE 2 MIX 8 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 6 RPIN 2.8755
APIN -1.30899694 -0.78539816 -0.26179939
0.26179939  0.78539816  1.30899694 ;
> ROD4L := GEO: TUBE 2 MIX 19 20 HMIX 1 1
RADIUS 0.00000 0.6122 0.6540
NPIN 9 RPIN 4.3305
APIN  1.74532925  2.09439510  2.44346095
2.79252680  3.14159265  3.49065850

. ROD2R

> ROD3R

191
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3.83972435  4.18879020  4.53785606 ;
. ROD4R = GEO: TUBE 2 MIX 9 10 HMIX 0 O
RADIUS 0.00000 0.6122 0.6540
NPIN 9 RPIN 4.3305
APIN -1.39626340 -1.04719755 -0.69813170
-0.34906585 0.0 0.34906585
0.69813170  1.04719755  1.39626340 ;

K m———

* Rod and GT absent
* m———
TRACK Lines := NXT: SORINS :: EDIT 5 TISO 40 30.0 ;
MicLib := SHI: MicLib TRACK Lines ;
TRACK Lines := DELETE: TRACK Lines ;
TRACK Lines := NXT: SORIN :: EDIT 5 TISO 40 30.0 :
FigReg.ps := PSP: TRACK : TYPE REGI ;
FigMix.ps := PSP: TRACK : TYPE MIXT ;
FigHom.ps := PSP: TRACK : TYPE HMIX ;
ASMPIJ := ASM: MicLib TRACK Lines :: PIJ ;
FLUX = FLU: ASMPIJ MicLib TRACK :: TYPE K ;
EDITION := EDI: FLUX MicLib TRACK ::
EDIT 3
COND 0.625
MERG HMIX
SAVE ON SORINHMIX ;
HomHMix.txt := EDITION ;
EDITION := DELETE: EDITION ;
EDITION := EDI: FLUX MicLib TRACK ::
EDIT 3
COND 0.625
MERGMIX000000OO0OO0OOO1I1111111111
SAVE ON SORINMIX ;
HomMix.txt := EDITION ;
EDITION := DELETE: EDITION ;
TRACK FLUX ASMPIJ Lines := DELETE: TRACK FLUX ASMPIJ Lines ;
END: ;
QUIT "LIST" .

Input data for test cas@:CWU17Lib.c2m

K m———

* Create Library for test CASE TCWU17.x2m

*  Calling :

* LIBRARY := TCWUL17Lib.x2m :: iedit ;

* with :

* LIBRARY = Linked list containing the result of LIB: for
* TCWU17.x2m

* iprint = print level for LIB: module

* Define PARAMETERS,STRUCTURES and MODULES used

K m———
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PARAMETER LIBRARY

MODULE LIB: DELETE: END: ;
K m———

* Define and read LIB: EDIT option
INTEGER iedit ;

o >>jedite< ;

F—

*

*

*

*

Depletion data from file iaea format WIMSDA4

0 LINKED_LIST LIBRARY ; ;

Microscopic cross sections from file iaea format WIMSD4
All materials are duplicated for left and right cell identif

during homogenization

F—

LIBRARY := LIB: ::

EDIT <<iedit>>

NMIX 21 CTRA WIMS

DEPL LIB: WIMSD4 FIL: iaea
MIXS LIB: WIMSD4 FIL: iaea

MIX 1 560.66 0.81212 016
D2D20 = '3002° 1.99768E-1 H1H20
MIX 2 560.66 6.57 Nb93
BNat = ’1011" 2.10000E-4
Zr91 = 9r 9.75000E+1
MIX 3 345.66 0.0014 He4
MIX 4 34566 6.44 Fe56
Ni58 = '58 6.00000E-2  Cr52
BNat = ’1011" 3.10000E-4
Zr91 = 91 9.97100E+1
MIX 5 34566  1.082885 016
D2D20 = '3002" 2.01016E-1 H1H20
MIX 6 941.29 10.4375010 016
Xel35 = '4135 0.0
U235 = '2235  6.27118E-1 1
U238 = '8238"  8.75256E+1 1
U236 = 236’ 0.0 1
Pu239 = '6239° 0.0 1

MIX 7 COMB 6 1.0
MIX 8 COMB 6 1.0
MIX 9 COMB 6 1.0

MIX 10 560.66 6.44 Fe56
Ni58 = '58 6.00000E-2  Cr52
BNat = ’'1011" 3.10000E-4
Zr91 = 91 9.97100E+1

MIX 11 560.66  0.81212 016
D2D20 = ’'3002° 1.99768E-1 H1H20

MIX 12 560.66  6.57 Nb93
BNat = ’1011" 2.10000E-4
Zr91 = 91 9.75000E+1

MIX 13 345.66 0.0014 He4

MIX 14 34566 6.44 Fe56
Ni58 = '58 6.00000E-2  Cr52
BNat = '1011" 3.10000E-4
Zr91 = 91 9.97100E+1

‘6016  7.99449E-1
‘3001 7.83774E-4

'93’ 2.50000
=4 1.00000E+2
= '2056’ 1.60000E-1
‘52’ 1.10000E-1

‘6016  7.98895E-1
'3001"  8.96000E-5
'6016’ 1.18473E+1

= '2056’ 1.60000E-1
52 1.10000E-1

'6016’ 7.99449E-1
‘3001 7.83774E-4

‘93’ 2.50000
=4 1.00000E+2
= '2056’ 1.60000E-1
52 1.10000E-1

193
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194
MIX 15 345.66  1.082885 016 = '6016°  7.98895E-1
D2D20 = '3002" 2.01016E-1 H1H20 = '3001" 8.96000E-5
MIX 16 941.29 10.4375010 016 = '6016’ 1.18473E+1
Xel35 ‘4135 0.0
U235 2235 6.27118E-1 1

U238 '8238"  8.75256E+1 1
U236 '236° 0.0 1
Pu239 ='6239° 0.0 1

MIX 17 COMB 6 1.0
MIX 18 COMB 6 1.0
MIX 19 COMB 6 1.0

MIX 20 560.66 6.44 Fe56 = 2056’ 1.60000E-1
Ni58 = '58 6.00000E-2 Cr52 = 52 1.10000E-1
BNat = '10171 3.10000E-4
Zr91 = 91’ 9.97100E+1

MIX 21 345.66 Fe56 = '2056’ 6.19027E-2
Cr52 = 52 1.56659E-3 Ni58 = '58 6.83337E-3
Si29 = 29 7.79072E-4 C12 = 2012 1.46552E-4
Mn55 = 55’ 1.25431E-3

END: ;

QUIT "LIST" .
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Figure 2: Hexagonal geometries of type S30 and SA60
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Figure 3: Hexagonal geometries of type SB60 and S90






Figure 5: Hexagonal geometry of type SA180



IGE-174 Rev. 13 (Release 3.060) 206

Figure 6: Hexagonal geometry of type SB180
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Figure 8: Hexagonal geometry with triangular mesh thatreddepast the hexagonal boundary
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Figure 9: Description of the various rotations allowed far@sian geometries
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Figure 10: Description of the various rotation allowed fexhgonal geometries
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Figure 12: Slab geometry with mesh splitting
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Figure 13: Two dimensional Cartesian assembly containiiegastructures
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Figure 14: Cylindrical cluster geometry
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Figure 15: Two dimensional hexagonal geometry
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Figure 16: Three dimensional Cartesian supercell
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Figure 17: Hexagonal multicell lattice geometry
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Figure 18: Geometry for test caS€MO1 for an annular cell with macroscopic cross sections.
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Figure 22: Geometry of the CANDU-6 supercell with stainlete®l adjuster rods.
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Figure 23: Geometry for the Mosteller benchmark problenddeeTCWUO1.



IGE-174 Rev. 13 (Release 3.060)

5 g
S 1: 3 3:
2 empty cell 3 @ boundary cell
! a
1.26472 cm 131472 cm
8
3 fuel cell N corner cell
N <t
- “
1.26472 cm -
4
[ J
¢ : 7 (9)
a —1—— generating cell number o0 oo
fientation (b)—+—— merged cell number 2 3
orientatio (14) (8)
: . |o® o0
2 2 3
s (13) (7) (8)
e o 0 oo
°*11°2 2 3
(2) (3) (7) (8)
° oo N oo
*2 2 2 (*2 3
(13) (5) @@ (3) (6) (8)
o _|® [ [ o0
el 2,012 3
s (2) (5) (5)@| (10) (5) (8)
oo (X o0 0 00
2 2 2 2 . 2 2 3
7 (13) (5) (6) (6)@ (5) (6) (8)
° N ° oo
LI 2 2 |®2 2 2 |® 2 3
(4) lo® (6)|@®@ (5) (6) @@ (6)|@® (5) (6) (8)
] ° oo N eo[® ° oo
_ el |2 | 2ele 1 | 2 Dee 1 (o2
s (1) (3) (12) (11) (12) (12) (11) (12) (15)

Figure 24: Geometry for test ca3€WUO02.

224



IGE-174 Rev. 13 (Release 3.060) 225

@ 1: epmty cell @ 3: fuel cell

0.707297 cm

2: orientation @ 4: boundary cell

generating cell number G
merged cell number I

orientation

Figure 25: Geometry for test ca3€WUO03.
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Figure 27: Geometry of 2-D CANDU-6 supercell with controdiso
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Appendix A

Contents of miscellaneous DRAGON files

A.1 Directional fluxes and adjoints output files

The DRAGON directional fluxes and adjoints file has the follog/format.

*

*  Fortran instructions to write directional flux and adjoint

READ(IPU,1000) NGROUP,NDIM,NANGL,NREG,NFLUX
READ(IPU,1001) (NAMFLX(IF),IF=1,NFLUX)
READ(IPU,1002) (WGHT(IQUA),IQUA=1,NANGL)
READ(IPU,1002) (MU(IQUA),IQUA=1,NANGL)
READ(IPU,1002) (ETA(IQUA),IQUA=1,NANGL)
READ(IPU,1002) (VOLUME(IR),IR=1,NREG)
DO IGROUP=1,NGROUP
READ(IPU,1002) ((FLUX(IR,IA),IR=1,NREG),IA=1,NANGL)
ENDDO
IF(NFLUX .GT. 1) THEN
DO IGROUP=1,NGROUP
READ(IPU,1002) ((ADJOINT(IR,IA),IR=1,NREG),IA=1,NANG
ENDDO
ENDIF
DO IF=3,NFLUX
DO IGROUP=1,NGROUP
READ(IPU,1002) ((GAMMA(IR,IA IF-2),IR=1,NREG),IA=1,N
ENDDO
ENDDO

1000 FORMAT(5110)
1001 FORMAT(5(A12,2X))
1002 FORMAT(5E20.10)

*

Here

IPU
NGROUP
NANGL
NREG
NAMFLX

NAME

fortran output unit number.
number of energy groups.
number of angle$v, at which the angular flux is evaluated.

number of regionVg.

229

L)

ANGL)

number of flux record. In the case wheNELUX=1, only the directional fluxes are provided. If
NFLUX=2, both the directional fluxes and adjoints are providedaly for NFLUX=2, the di-
rectional fluxes, adjoints as well as generalized adjoirgpeovided. The type of the generalized

adjoints is provided in the recolAME.
nameNAME, of the fluxes record. By definition

o NAME =FLUX___. ..c.c..

[EI TR TR T

e NAME, for k > 2 depends on the generalized adjoint source.
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MU

ETA

WGHT
FLUX
ADJOINT
GAMMA

projection of direction on: axis ., = cos ¢, sinf, with ¢, the azimuthal angle ang, the
polar angle.

projection of direction ory axisn, = sin ¢, sinf, with ¢, the azimuthal angle an@, the
polar angle.

angular weightsu,, .
directional fluxesp; 4.
directional adjoints); ,.

directional generalized adjoinky ; , for typel = k — 2.

The scalar fluxes, adjoints and generalized adjoints aregiven by

Na
¢i = Wabia
a=1

Na

¢ =D Wad,

a=1

Na
* *
Fl,i = E warl,i,a
a=1
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»,B,05,[25[4546. 57.50.60.163168] (11 [78, 81,  B1,[68,[77

(63,8388 9. 92. 95-97.199. 101,102 B2,[68,[67[8»
2876 BIHET,[43
= ,[0,[15,25[28 49,46, 5. B0.160.63] 68 [T, 78,  BINARY,[102

[81,[85[88[ 910, 92.95-97.199, 101,102 (BIVACT.) ,[ix| 48
;,[43E28 BIVACT: ,m, [BH1[44E46.55.76. 77
=21,[22 BP00,[54,5%

BP01,54,5%
A BREFL 97
A [I00[101 BRNNAM, 78 [79[81
a[100/[101 BRNOLD,[13,20[2%
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apins31,33 CARCELZ28,[2T[3P[3H.40. 35
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CHANNELS98

B character *72,[47
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