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Abstract

Since the publication of JAERI-1285 in 1983 for the preliminary version of the SRAC
code system, a number of additions and modifications to the functions have been made
to establish an overall neutrenics code system. Major points are (1) addition of JENDL-2
version of data library, (2) a direct treatment of doubly heterogeneous effect on resonance
absorption, (3) a generalized Dancoff factor, (4) a cell calculation based on the fixed boundary
source problem, (5) the corresponding edit required for experimental analysis and reactor
design, (6) a perturbation theory calculation for reactivity change, (7) an auxiliary code
for core burnup and fuel management, efc.

This report is a revision of the users manual which consists of the general description,
input data requirements and their explanation, detailed information on usage, mathematics,

contents of libraries and sample 1/0.

Keywords: Neutronics, Cell Calculation, Cell Burnup, Core Calculation, Core Burnup, Fuel
Management, Resonance Absorption, NR, IR, Table-Look-Up, Double Hetero-
geneity, Collision Probability Method, Sn, Diffusion, Core Calculation, Smearing,
Collapsing, Group Constants, Analysis, Benchmark, Thermal Reactor
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Program Abstract in NEA DATA BANK Format

Name : SRAC :

Computer for which the program is designed and others upon which it is possible :
FACOM M-380 or FACOM VP-100

Nature of physical problem solved : Overall neutronics calculation including cell calcu-
lation with burn-up, core calculation for any type of thermal reactor. Core burn-up
calculation and fuel management by an auxiliary code.

Method of solution : Coliision probability method, 1D and 2D Sn for cell calculation;
1D, 2D, and 3D diffusion for core calculation.

Restriction on the complexity of the problem : 20 regions for a continuous energy
resonance absorption calculation and 16 steps for cell burn-up.

Typical running time : It depends on the number of energy group, geometry option,
and with or without burn-up calculation.

Unusual features of the program : Flexible energy group structure in cell and core calcu-
lation. 13 types of cell geometries for collision probability method. Optional treatments
for resonance absorption by table-look-up based on NR or IE, or the continuous energy
cell calculation in dominant resonance energy range. Successive cell calculation to treat
double heterogeneity.

Related and auxiliary programs : PROF-GROUCH G-Il to update the fast neutron library.
TIMS to update the unresolved resonance data in the library. SRACTLIB to update
the thermal neutron library. PDSEDT and PDSEDGRP to control and edit PDS files.
COREBN for core burn-up and fuel management.

Status : under testing

References : JAERI-1285, this report

Machine requirement : 1400 KB core memories for normal work area of 60,000 words.
Plotter facility

Programming language used : FACOM Fortran 77

Operating system or monitor under which the program is executed : FACOM 0S5 IV
Any other programming or operating information or restrictions : A PDS file (Parti-
tioned Data Set) is used with undefined record format. A member contains an array of
binary data. An assembler routine PDSFUTY enables to read, write, rename, and delete a
member by Fortran statements

Name and establishment of author . K. Tsuchihashi et al., JAERI Tokai Research
Establishment, Tokai-mura, Ibaraki-ken 319-11, Japan

Material available :
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Foreword

This report is a revision of the users manual of the SRAC code system published on the
report JAERI 1285, January 1983, :

The JAERI standard thermal reactor nuclear design code system SRAC has been develop-
ed to be used with high reliability in design and analysis of a variety of thermal reactors as a
demand has been increased for accurate estimate of reactor characteristics, safety aspects, fuel
cycle strategy, etc.

The primary version of- the SRAC code system as been released in FY 1982 after the
verification by extensive benchrmark calculations on various types of critical assemblies such as
TCA (Tank-type Critical Assembly for light water reactor), DCA (Deuterium Critical Assembly
for Advanced Thermal Reactor of H,O cooled D,0 moderated pressure tube type), SHE
(Semi-Homogencous Experimental facility of 20% enriched uranium graphite moderated type),
IMTRC (Critical facility for JMTR), TRX benchmark cores and a series of FBR benchmark
cores.

After the release, a number of additions and changes have been made to the functions
including the auxiliary codes. The major points follow;

(1) The whole thermal scattering Jaw data which were taken from ENDT/B-3 werc recalcu-
lated in order to include the data on an additional temperature 325 K, because it was
found that the interpolation on the scattering law S(«,f) was not suitable. The higher
Legendre components of H,O up to Ps are prepared to permit anisotropic transport
calculations.

(2) The JENDL-2 version of data libraries are provided for an alternative of the ENDF/B-4
version, whereas the lack of thermal scattering law data in JENDL allows us to utilize
the new version in a mixed mode. '

(3} The treatment of resonance absorption in the doubly heterogeneous system as occurs
in VHTR with coated fuel particles is replaced by a direct method based on the con-
tinuous energy cell calculation.

(4) A generalized Dancoff factor is introduced for infinite arrays of multi-region cells includ-
ing several absorber lumps with different nuclide concentration. .

(5) A fixed boundary source problem is available in the cell calculation by the collision
probability method. It can give a proper spectrum te an isolated cell which can not have
its own spectrum. In a doubly heterogeneous cell, the microscopic cell is calculated
first, and the resultant averaged macroscopic cross sections are used in the succeeding
macroscopic cell calculation. Although the cell burn-up calculation is executed only on
the microscopic cell, this function gives the burn-up routine the proper reaction rate
which could be obtained after passing the macroscopic cell calculation.

(6) An edit function is added to calculate the reaction rate of the neutron detectors, the
spectrum parameters, and the conversion rate. It is called after the cell calculation or
after the core calculation.

(7) The self-shielded cross sections calculated for a particular composition and stored in a
separate file can be utilized as if they are infinitely dilute ones. These cross sections are
used in the above reaction rate calculation.

(8) The reactivity caused by the change of cross section is calculated by using the first
order perturbation theory.

(9) The assembler routine RWPDS to read/write the data from/to PDS files has been replaced
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by a new routine PDSFUTY. An interface Fortran routine READ is also modified to

accept the change of usage. The major modification is to mount dynamically the direc-

tory of each PDS file on the core memory during the execution, and to kéep the member

length in the directory so that the frequent call of the routine to ask whether or not a

member exists, if affirmative, then to get the member length may nét need to access

to 1/O unit. This modification results in the decrease of 1/O times into half and the
elapsed time considerably.

(10) An auxiliary code COREBN for a core burn-up calculation has been developed. Through
the data storage file, a fuel management is also available. An interpolation of tabulated
macroscopic cross section by degree of burn-up and temperature gives space-dependent
cross sections to 2D or 3D diffusion core calculation at each time step. The table is
prepared in the cell burn-up step in the main SRAC code.

Parallel to the modification, validation and application works have been coniinued as
shown below.

An international RERTR program has offered occasions to show the validity of the
prediction for the research reactor conversions from HEU to LEU upon such as an inter-
national intercomparison of benchmark calculations for DIDO type heavy water moderated
reactor, an analysis of the initial LEU core of the Ford Nuclear Reactor, analyses for temper-
ature and void coefficients of KUCA (Kyoto University Critical Assembly) MEU (medium
enriched uranium) cores, and a series of analyses for the critical experiments in JMTRC MEU
core.

SRAC has been successfully applied to the design works for the upgrading plan of the
JRR-3 and for the core conversion of JAERI research and test reactors. Its application has
been also made for the reconstruction of the SHE for the neutronics study of the VHTR and
for the benchmark study of the criticality safety facility.

Recent experimental analyses show a good prediction of the SRAC on the critical ap-
proach of the VHTRC, the thorium plates inserted in the test zone of the KINKI-UTR (KINKI
University Training Reactor), the beryllium plates in the graphite zone of KUCA.,

Fairly good agreement shown in a preliminary analysis for highly compact LWR experi-
ments performed in the Proteus reactor encourages us to extend the SRAC code system to
predict more accurately the reaction rates occurring in the intermediate energy range.
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I. General Descriptions

The SRAC system is designed to permit overall neutronic calculation
for any type of thermal reactors; which covers microscopic library
compilation, macroscopic constant generation, cell and core calcula-
tions including burn-up and fuel management. The key parameters
required in reactor design or experimental analysis are also provided.

The unique functions implemented in the SRAC code system are in
the followihg ;

1) The wide applicability to all type of thermal reactors owing to the
complete set of collision probability routines for 13 types of
geometries described in Section II.3.

2) Three options for the treatment of resonance absorption 1in the
dominant resonance energy range. The effective cross sections by the
conventional table-look-up method based on the NR approximation can be
replaced by those based on the IR approximation. Moreover a rigorous
method to solve a multi-region cell problem is also provided.

3) The capability of multi-group cell calculation performed separately
in each energy range of thermal, resonance and fasl neutrons asa fixed
source problem, or continuously through the whole neutron energy range
as an eigenvalue problem or as a fixed boundary source problem.

4) A doubly heterogeneous system can be solved by successive cell
calculations since smearing and/or collapsing of macroscopic Cross
sections is carried out separately. Especially, the resonance absorp-
tion of which double heterogeneity effect should be solved simulta-
neously. can be treated as far as the microscopic cell can be approxi-
mated by any of 1D cells.

5) The Dancoff correction factor required in the interpolation of the
self-shielding factors of resonance nuclides is auntomatically calcu-
lated by the installed collision probability routines. It is to bhe
noted that the factor is given not for an absorber lump but for each
constituent nuclide for the lattice cell which contains a resonant
nuclide in two material with different composition.

6) The calculation methods and the energy group structure should be
selected by the user depending on his purpose. For example, a variety
of the transport codes are available for cell calculations {collision
probability method, 1D and 2D Sn codes). The one space-point solution
by the Py or By approximation is also available after smearing the
cross sections. For the core calculation, 1D, 2D and 3D diffusion
codes in addition to the above transport codes are also avallable.

These functions give SRAC a wide applicability and a high accuracy.
As described in the users manual of the preliminary version” , and in
the related references> ) , for validation purpose, extensive benchmark
calculations have been made for various types of critical assemblies
such as TCA (Tank-type Critical Assembly for light water reactor }, DCA
(Deuterium Critical Assembly for Advanced Thermal Reactor of H20 cooled
D20 moderated pressure tube type), SHE (Semi-Homogeneous Experimental
facility of 20 % enriched uranium graphite moderated type), JMIRC
(Critical facility for JMIR), TRX benchmark cores and a series of FBR
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benchmark cores.

An international RERTR (Reduction of FPEnrichment of Research and
Test Reactor fuels) program has offered occasions to show the validity
of the SRAC code system; such as an 1ntercomparison of benchmark
calculations for DIDO type heavy water moderated reac;or“ *, an analysis

of the initial LFU core of the Ford Nuclear Reactor® , analyses for
temperature and void coefficient of KUCA (Kyoto University Critical
Assembly ) MEU (medium enriched uranium) cores” ", and a series of

analyses for the critical experiments at JMIRC MEU core® ¥ |

The SRAC code system has been successfully applied to the designs
for the upgrading plan of the JRR-3'9  and for the reduction of uranium
enrichment of JAFRI research and test reactors'! . Tts application has
been also made for the reconstruction of the SHE'® for the neutronics
study of the VHIR and for the benchmark study of a criticality safety
facility'™ .

A good prediction accuracy of SRAC has been shown through the
analyses ~of the initial critical approach of the VHTRC,'" | the reac-
tivity worth of thorium plate and flux distribution in the test zone of
the KINKI UTR (University Training Reactor)'®, and the reactivity
worth of beryllium plate in the graphite zone of KUCAIS) |

A fairly good agreement shown in the preliminary analysisrﬁ per-
formed for high conversion LWR experiment in the Proteus reactor!®
encourages us to improve the SRAC code system to predict more
accurately the reaction rates occurring 1in the intermediate energy
range.

In this report. descriptions are given at first on an outline of
the SRAC system. Successively described are instructions to the user
about input data requirements for Lhe SRAC system and also for its
auxiliary codes , user information needed in use of the SRAC system,
structure of I1/0 file. mathematical formulations used in the soluliion
methods adopted. dictionaries and sample I1,/0.

I.1 Calculation Scheme

In Fig.1-1, a flow diagram of the SRAC 1s shown. Except the initial
read step, all the steps are optionally used. Here we shall follow the
flow assuming a typical example.

Specification of the example

Cell calculation for a pin rod lattice cell in fixed source problem hy
collision probability method where resonance integral
by IR approximation

Core calculation for simplified core of a homogenized active core

' surrounded by reflector in eigenvalue problem 1in
multigroup energy group structure by 1D diffusion
theory calculation

Condense of macroscopic cross sections for an external use of the
CITATION code
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READ OPTION CONTROL /PUBLIC Version by .
READ FILE CONTROL MICRO ENDF/B-4 or JENDL-2
COMPOSE USER LIBRARY

READ GEOMETRY FOR PLJ P1J = Collision probability method
READ GEOMETRY FOR SN SN = ANISN or TWOTRAN

READ GEOMETRY FOR DIFFUSION DIFFUSION = TUD or CITATION

p

CALL MACRO FAST. THERMAL Macroscopic X -sections

MACRO with table-look -up by NR
CALL.IRA

Table- look-up by IRA

READ GUESS
P1J WRITE

SN FLUX TELUX

DIFFUSION Cell calculation
in fast energy range
CALL.MCROSS ———=(RESONANCE
Cell calculation by PIJ

CALL.PEACO \ in resonance range
CALL. MIX-X—SECTION—*—- MACRO Homogenized X-sections

e — —— — —~ — =P

WRITE FLUX Cell calculation
DIFFUSION / in thermai energy range
CALL. MIX-X-SECTION -<~—-- MACRO Homogenized X-sections

READ GUESS§

> DM

FLUX ) Bare reactor calculation

CALL. HOMOSP —
{>— CALL CONDENSE Few-group constants

MACR
CALL. CONCAT 7 Multi- group constants

CALL. BURNUP
for further burnup step

PIJ
WRITE Few-or muiti-group
SIEFUSION FLUX FLUX core calculation

CALL. CONDENSE

CALL. CITSEC Prepgre macro X -sections
for external CITATLON

Fig. I.1-1 Fiow diagram of SRAC
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READ OPTION CONTROL

READ FILE CONTROL

COMPOSE, USER LIBRARY
Prepare the User fast and thermal libraries by specifyling the
energy group structure, nuclides, temperatures

READ GEOMETRY FOR PIJ
Read the gecometry of the pin rod cell for collision probability
method

READ GEOMETRY FOR DIFFUSION
Read the geometry of the core for 1D diffusion calculation.
Read the edit control for the macroscopic cross sections to be
written in the format of the CITATION

MACRO FAST . THERMAL
Read the material specifications. Compose macroscopic cross
sections in the fast and thermal neulron energy range

IRA Modify cross sections in resolved resonance energy range by IR
approximation
P1J Compute collision probability in the fast energy range. and

solve linear equations in the fast energy range

MIX-X-SECTION
Homogenize cross sections using the spatial distribution of
neutron flux obtained by the above cell calculation

PI1J Compute collision probability in the thermal energy range, and
solve linear equations in the thermal energy range

MIX-X-SECTION
Homogenize cross sections using the spatial distribution of
neutron flux obtained by the above cell calculation

HOMOSP Calculate k..ke;y by a point model

CONCAT Concatenate fast and thermal cross sections into a set for the
succeeding core calculation

DIFFUSION
Solve an eigenvalue problem for a core calculation by 1D
diffusion routine

CONDENSE
Condense cross sections into those of few group structure using
neutron fluxes obtained in the above core calculation

CITSEC Store macroscoplic cross sections in a catalogued file for an
external use of the CITATION code

1.2 Data labraries

There are two kinds of nuclear group constant libraries ! One is
named "Public” library, which is the fundamental one in the SRAC code
system, and the other is "User” library. The User library is used as
the user's own library after the group constants in the Public library
are collapsed into the proper group number for the necessary number of
nuclides. All the calculations can be started from the User library
once after it is created. The addition of new nuclides to the User
library can be readily made.

The present Public library vas produced by processing the nuclear
data files ENDF/B-IIT'Y and IV-". The Public library based on the
JENDL-2 nuclear data file?"” is also available as a substitute of that
based on the ENDF/B.

1) Energy group structure



JAERI 1302 I. General Descriptions

The energy group structure of the current Public libraries con-
sists of 107 groups {48 groups for thermal and 74 for fast energy
ranges, respectively, with 12 overlapping groups). In the fast energy
range, scattering of non-resonant nuclide is treated as independent of
temperature so that the slowing-down eguation for rescnance absorption
can be strictly expressed by a form dependent of temperature only for
resonant nuclide. Contrary, in the thermal energy range where tempera-
ture dependent scattering takes important role, resonance absorption is
evaluated only on group constants.

The Public library is classified into the library corresponding to
the fast neutron energy range (En > 0.413939 V) and that to the thermal
{(En < 3.9279 eV,. The user can choose the thermal cut off energy from
the boundary energies of the fine groups within the overlapping range.
The higher cut off energy may be used to take account of the
up-scattering of thermal neutron of the material under the high temper-
ature. By specifying the cut off energy below 1 eV, the first resonance
level of ““py  is treated in the resonance range those of fertile
nuclides. Otherwise., the lethargy mesh width of the as overlapping
range is sufficiently narrow to treat this level in the multigroup
scheme in the thermal range to take account of the up-scattering
effect.

ii) Group constants in fast neutron energy region

The fast neutron energy region is defined as the range from 0.41399
eV to 10 MeV, which includes all the energy ranges except for the
thermal neutron energy range described in Sect.1.3. The group constants
in this energy region are arranged in the form of the cross section set
of the Bondarenko type, that is, the self-shielding factors are given
for scattering, removal, capture, fission and transport cross sections,
which are tabulated by temperature T and background cross section agg,
which is widely used in fast reactor analysis. This library carries
also the standard spectrum for collapsing the Public library into the
User library. The angular dependence of elastic scattering 1is taken
into consideration up to P; component. The present library was produced
by use of PROF GROUCH-GII code™ and TIMS-1 code™

ii1) Resonance parameters and MCROSS library

The effective group cross sections in the second resonance range
defined in Sect.I1.3 can be, on simple treatment, modified by the
combined use of the IR approximation and the table-look-up method of
the resonance shielding factors, while those are always obtained by the
method based on the NR approximation, as in the first rescnance range.
The resonance parameters needed for the IR are accommodated in the fast
group constants library.

The SRAC system provides another option, by which the effective
resonance cross sections in the second resonance region are calculated
with the collision probability method using an almost continuous energy
group structure of 4600 points. The resonance cross section library
needed for the ultra-fine group calculation is given. for every temper-
ature used, by the MCROSS-2 code?®  and stored in the PDS files (See
Sect.1.5) . Here, in general, a multilevel formalism is used for the
cross section representatioﬁg), and the necessary multilevel para-
meters are also prepared for the energy range (<130.07 eV) in the fast
group constant library.



Revised SRAC Code System JAERT 1302

vi) Group constants in thermal energy region

The thermal neutron library consists of the matrices with fixed
dimension of 48 energy groups. For moderator materials, the scattering
law S{a.f3; data were calculated by the GASKET code?® |, the group-group
transfer matrices are tabulated on the fixed eleven ‘temperatures.
Especially for the moderators with crystalline structure, the ccherent
elastic scattering cross sections calculated by the HEXSCAT code””

have been added.

The self-shielding factors were prepared for the fission and
capture cross sections of the nuclides whose resonance levels exist in
the thermal neutron energy region. For some of such nuclides, a repre-
sentative scattering matrix without temperature dependence was assigned
for all the temperatures used in the tabulation of the thermal library.
because of their smaller contributions to neutron energy transfer in
practical reactor calculation. Here, the weighting spectrum used for
collapsing the Public library into the User library was assumed to be
(the Maxwellian distribution corresponding to the above temperature &
1/E spectrum}, commonly for all the nuclides concerned. Moreover, only
capture cross sections are prepared to most of FP {fission product)
nuclides.

v) Nuclear data for depletion calculation
Several fission product model s28-3% for depletion calculations
have been proposed, which consist of a few explicit nuclides and
several pseudo groups representing the residual absorption. In the SRAC
system, three models are available, depending on the purpose of burnup
calculations.

First, the model of Garrison and RoosZ®  consists of two explicit
nuclides (% Xe and ' Sm) and three pseudo groups (rapidly saturating,
slowly saturating and non-saturating fission products?. This model 1is
very useful for economical calculations of cell burh-up. The group
cross sections were produced from ENDF/B-T1I for three pseudo fission
products and from the ENDF/B-IV for two explicit nuclides, respec-
tively. The nuclear data of ENDF/B-IV are used for half-lives and
fission vields for these nuclides.

Second, a detailed model by Iijima et al.?? for BWR is available
to predict the burnup reactivity change with high precision. This model
consists of 45 explicit nuclides and one pseudo group. The nuclear data
of ENDF/B-IV were used for half-lives and fission yield data. The group
constants of the explicit nuclides were mostly procuced from ENDEF/B-1V,
except for 13 cd, 133 ¥Xe, ' Cs and pseudo fission product.

Third, the VSOP-chain models®  developed in KFA Juelich are
available. Among these models, two branches can be selected, which
~consist of Z7 and 42 explicit nuclides, respectively. The group cross
sections for these nuclides were produced from ENDE/B-IV. For the
fission product yields, the data recommended in the VSOP scheme are
used.

1.3 Definition of FEnergy Range

The energy group structure not only in few group calculation but
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also in multi-group calculation is flexible. Spatial sub-division for
the flux distribution is, in general, changeable by the energy range.
Here the energy range is defined ag follows ;

i) Fast fission energy range

This range corresponds to the fast energy region higher than the
fission threshold energy of fertile nuclides where the weighting
spectrum used for producing the Public library is assumed to be fission
spectrum. The energy averaged spectrum in each group is used as the
standard one to collapse the Public library into the User library. For
low enriched fuel rods with larger radius. fast fission effect and its
heterogeneity effect are important in this energy range.

i1) Smooth energy range

Since the fluctuations of the various reaction cross section are
rather small in the energy range below about 1 MeV, the neutron energy
spectrum 1s smooth, hence the spatial distribution can be assumed to be
flat. Though there happen to be some small variations in the neutron
spectrum due to the resonance scattering of light and medium weight
nuclides, this effect is not so important in thermal reactors. The
group constants in the Public library are processed assuming the
neutron spectrumn to be 1/(FX{E)), as well as in the following two
energy ranges. The 1/E spectrum is used to collapse the cross sections
of the Public library into those of the User library.

111) First resonance range

Below about 50 KeV, fine structure appears in the neutron spectrum
due to isolated and/or statistical resonance levels of heavy nuclides.
and the Doppler effect must be taken into account. For each heavy
resonant nuclide, an exact calculation is made for the rescnance
shielding factor production using TIMS-1 code?® . There is, however, no
special difference in programming between the smooth and resonance
energy ranges in the SRAC system.

vi) Second resonance range

This energy range corresponds to the lower resonance energy region
where are many sharp and strong resonance levels of fissile and fertile
nuclides. A special attention must be paid for this range in thermal
reactor analyses, because most of resonance absorption occurs in these
strong resonances. The resonance shielding factors for a heavy resonant
nuclide are evaluated for the homogeneous mixtures with an imaginary
nuclide of the constant cross section. The upper energy boundary of
this range is fixed to be 130.07 eV (u = 11.5), while the lover energy
boundary 1is selected by the user from one of the group energy boun-
daries of the SRAC library between 3.9279 and 0.41399 eV, depending on
the problem under study. Here, for a simple calculation, the IR approx-
imation is used for calculating the effective resonance cross sections,
and the wultra-fine spectrum can be also calculated by use of the
collision probability method when higher accuracy is needed.

v) Thermal neutron energy range

sSince the thermal scattering matrices in the library are prepared
only on the given temperatures . 300 K, 325 K, 350 K. 400 K,... etc.,
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some interpolation means are available for the group constants on the
real temperature. The effect of up-scattering from the thermal range
into the range above the cut off energy can be reflected only on the
whole energy calculation to hold the neutron conservation (usually in
the eigenvalue problem}).

1.4 Optional Transport Codes and Their Usage

Several kinds of opticnal paths are available for neutron trans-
port and/or diffusion calculations. The path based on the collision
probability method can treat 13 types of geometries shown in Fig. (I1.3-
t,a ~ 1.,m). The SN path adopts the ANISN code’”?  for 1D calculation
and the TWOTRAN code™ for 2D, respectively. On the other hand, the
diffusion code CITATION*®  is generally used for the diffusion path,
though a 1D code TUD*  is also available which 1is preferred by its
simple and small input requirement. Any selection from these paths is
possible for each energy range except for the second resonance energy
range in which the ultra-fine group calculation to a multi-region cell
for resonance absorption is uniquely based on a use of the collision
probability method.

The neutron spectrum calculation for smearing and/or collapsing of
macroscopic cross sections can be made by a proper choice of sequence
of paths. Moreover, the Py or B approximationﬁﬁ based on the funda-
mental mode assumption is available for collapsing the multi-group
cross sections into few group ones after smearing the multigroup cross
sections.

Particularly for ¢ell calculations, various space regions and
meshes are defined to enhance the calculation accuracy or to save the
computer time, as the needs of the case demand.

i) Sub-region

This is the purely geometrical sub-division that is bounded by the
lines or circles used to define the geometry under consideration for
the collision probability routines.

ii) T-region (Thermal-region)

A T-region consists of a few sub-regions where the neutron flux
distributions in the sub-regions are same due to geometrical symmetry
or where the fluxes in the adjacent sub-regions can be assumed to be
same because of the thin optical thickness. This T-region is used for
the calculation of the spatial fine structure of the neutron flux in
the thermal energy range.

In the SN or diffusion routines, the finest spatial mesh 1s treated
as a T-region.

iii) R-region (Resonance region)

Since the neutron distribution in the fission or resonance energy
range is rather flat than in the thermal range, it is not alvays
necessary to sub-divide the geometry into so many meshes as 1in the
thermal energy range. In such a case, several T-regions are collected
to form an R-region.
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To the SN or diffusion routines, while any allocation to the
R-region 1s not required, the coarse regions are assumed to form
R-regions.

iv) X-region (X-section edit region)

An X-region formed by gathering some of the R-regions is used for
calculation and output of the average cross sections. For usual cases.
one X-region corresponds to whole unit cell. On the other hand, for a
special case such as spatial dependence of the effective cross sections
is needed to be considered, each of the X-region is recommended to make
one-to-one correspondence to each R-region, that is, Lhe same geometry
is used both for the X- and R-region representation. Moreover, some of
the Rregions may be excluded from any of the X-regions when they are
added as extra regions to an isolated cell to simulate the surrounding
boundary condition,

v) M-regicn

An M-region is formed by several R-regions which have the same
composition. On the calculation of the background cross section oy
based on the NR or IR approximation, the collision probabilities are
calculated to the M region. Effective microscopic cross sections are
transferred to the burn-up routine by M-region.

I.5 Data Storage in PDS File

The variety of data are stored in the special FDS {Partitioned Data
Set) files™® . A series of data is stored in a file in binary format.
It is specified by the member name and length of the mamber. A PDS file
can contain any number of members. A member name of 8 Bites is composed
of the characters assigned to a proper material and characters assigned
to a physical quantity. An assembler routine PDSFUTYY)  permits member
control by Fortran statements. A few auxiliary programs are also
prepared to read/write/plot the content of the specified member (s). The
TSS terminal commands such as LIST DIRECTORY, DELETE, CONDENSE, COPY.
RENAME. can be also used for file/member control.
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II Input Data Requirements for SRAC

All input data for the SRAC code system except for the few routines

are read 1n a free format by the REAG routine which accepts a series of
data prepared by EBCDIC characters in any form. length, occurrence on
any column on the fixed logical record. This function permits the user
punching the data without notifying where the data column is on a card
image record and facilitates deletion and insertion of a part of data
in a sequential array.

How to use the free format

1)

2)

3)

8)

1G;

12)

Three types of data array {(character string of four Bites, integer,
and floating point number of single precision) can be read.

Columns 1 to 72 of a card image record is used as data field.

A word {integer or floating number ) i1s separated by a blank, a
comma. or sign codes "+ -7 from the next word.

A floating number may be entered by F type or E type: the latter
needs the exponent code 'E’ at the beginning of exponent.

A word must be completed in a card image record.

One or more blank columns may be inserted between sign code and
digit code.

For E type, one or more blank columns may be inserted between the
last digit of mantissa and the succeeding exponent code character
BT

For character type, there is no free format, Any character
including blank or control character described below on the
specified columns 1s taken as data.

Column position of character type variables is always organized to
start at the first column of the record.

Repetition function is availlable. An integer before the code "{ is
taken as the repetition number of a data or a series of data which
are enclosed by ( .

Accumulation function is also available. An integer before “=" 1s
taken as the number of times of accumulation, and the data value
after "+  1s taken as increment to be addad to the previous data.

v The character '/ 1s taken as the termination code. If the

termination code character is encountered, a check whether or not
the array length meets with one required by the program. However
the character "/  on the new record after entering required data on
the previous record causes error because the read in is finished on
the previous record without the termination code, then the code '/’
is read at the beginning of the next call.

The character "3#° is taken as the end-of-record code character. If
the entries are not yet finished at this code, the remaining data
follow on the next record.
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133 If the end-of-record code or the termination code encountered, the
remaining columns on a card image record are releasad for comment.

14y A series of strings for repetition or accumilation function must
close within each type of array.

Examples

A record ~ 1 0.0002 3. E-3 —.4E3 $ COMMENT ' is accepted as
1.0 2.0E-3 3.0E-3 -4.0F+2 '

A record © B2 ) 2#1 % COMMENT ° is accepted as
"2020202.02.03.04.0 ’

A record ~ 2+2-3 El+1 25 6 is accepled as
" 202.0-30.01.05. 6. b. 6.

Although data type {(character, lnteger, or floating? of wvariable or
array in the following description is not always mentioned, the user
can recognize character type data by finding Hollerith count after the
variable name as (A8), and concerning numerical data the user can
discriminate integer type or floating type by the first character of
the variable name whether if it is one of characters from I to N. For
any type of numerical data, the REAG routine reads the data as floating
type, then converts into integer type if required so that the user has
not be so careful about data type.

The term BLOCK appearing in the descriptions denotes one or a series
of data required by one Fortran read statement which may be entered on
any number of cards. The use of the termination code */° 1is recommended
to have suitable message if the data length is mismatched. The number
of data required in a BLOCK is shown as /20 or /NRR/. If mixed types
of data are required in a BLOCK. they are read 1n the order of
character, integer, then floating type, and the data requirement 1s
expressed by /A8,3.2/ for character, integer and floating variables,
respectively.

II.1 General Control and Energy Structure Specifications
BLOCK 1 SAdS

CASENAME Case identification which is used as the former half of
MEMRER names of the spatially averaged macroscoplc Cross
sections in the MACRO and MACROWEK files, and of the
region-wise neutron flux distributions in the FLUX file.
Fnter blank CASENAME and one more blank card after the
last case to terminate the SRAC execution.

BLOCK 2 /AT
TITLE Case description

BLOCK 3 Integers to specify the options /207
IC1 Indicator to call the collision probability routine in

any usage.

=0 Skip

i1
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=1 Call
IC2 Selection of the routines to solve the fixed source
problems in each separate energy ranges (fast & thermal ).
If any negative wvalue is  specified, a spatial

distribution will be read from FT05 in the execution time
of the routine to give the realistic fixed source
distribution, otherwise a uniform thermal flux
distribution 1s assumed.

if

None of routines 1s used

Collision probability routine

ANTSN {one dimensional SN

TWOTRAN (two dimensional SN}

TUD ‘{one dimensional diffusion)
CITATION (multi-dimensional diffusion)

|
H

i
O
O N —

1C3 Selection of the process to get the Dancoff correction
factors which are used in the two steps; first for the
heterogeneous effect on the admixture cross sections 1n
the interpolation of resonance shielding factors: second
for the IRA{Intermediate Resonance Approximation) of
absorption calculations of resclved resonance levels.

=0 the inbut value in the mixture specification
=1 the collision probability method
=2 the empirical formula {not yet installed in SRAC)

Note : When the double heterogeneity is solved by the PEACO routine,
feed the Dancoff correction of the microscopic heterogeneity in
the material specification.

IC4 Indicator for the thermal energy range.

=0 Thermal range is excluded (for FBR calculation)
=1 Thermal range is included

ICH Selection of the process for resonance absorption in the
resonance 11 range {(above thermal cut off below 130.0eV).

=0 Table look-up of Bondarenko type table' by NRA

-1 Table look-up by IRA (Intermediate Resonance Approx. )
The IRA routine works for unique resonant R-region 1in a
cell.

-2 The PEACO routine (ultra fine group calculation by the
collision probability method

=2 The PEACO routine to treat more than two resonant
materials by an approximation to assum two pseudo
resonant materials. Additional input 1s required to
assign the materials to which resonant material,

Note. The PFACO routine generally does not work for more than
two resonant mixtures in a cell because the
two dimensional interpolation of collision probabilities
is done for completely different resonant materials. When
a depletion problem 1is solved for a multi-region cell,
several compositions which have been unique at the clean
stage have to be considered in a cell. The similarity of



JAERI 1302

1C6

1c7

1C8

I1C9
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cross  sections can  permit the above mentioned
approximation.

Indicator to get the flux-voluwme averaged cross sections
for each of the energy ranges.

=0 Skip the averaging process
=1 Call the averaging process specified by ICTY following

Selection of the process to get the spatial distribution:
of fluxes for each of the energy ranges. This selection
is prepared for computer time saving by avoiding the
calculation of spatially flat and nearly asymptotic
neutron spectrum foreseen by the user.

Energy Fast Smooth Resonance Resonance Thermal
Range =+ Fission I IT

Upper #+ 10 MeV .82 MeV 67.4KeV  130. eV cut off
Lower =+ .82 MeV 67 .4KeV i30. eV cut off 107> eV

=0 *x ViWg ViWg ViWg ViVWg calc

= * calc ViWg ViWg ViWg calc

=2 % calc calc ViWg ViVWg calc

= * cale calc calc ViWg calc

= * cale calc caic calc calc
where 'ViWg~ denctes the fluxes are assumed as the
product of the asymptotic spectrum installed in the
library and the volume of the mixture. 'calc’ denotes the
routine specified by ICZ will be used to calculate the
flux distribution. If the fine resocnance calculation 1is
selected by IC5=2, the above indication for the resonance
I1 range is taken as ‘calc’. Note that 1n case where
IC7=1,2 or 3 1s specified, the condensed group structure
can not override the energy boundaries of the energy
ranges which are fixed in the library; 1.e. the group
boundaries of the condensed energy structure have to
coincide with the boundaries of the ranges if they are
the houndaries of 'calc’ and "ViWg'.
Indicator to call MCROSS routine to create or to update
the microscopic resocnance neutron file.

=0 Skip

=1 Call : the user has to prepare his own file of DD= MCROSS
to write the data.

Indicator to call HOMOSP routine to calculate the one
point <(bare} reactor neutron spectrum and K..K.;; (see
Sect. VI.4}.

= Skip

=+ 1 Call and P, approximation

=+ 2 Call and By approximation

If negative value is entered, PO components of the
solution of P, or B, equations are used as the weight to
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IC10

IC1

ICi2

IC13

1Ct4

Note

=1

Gl LN
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collapse the homogenized cross sections, othervise the
spectrum obtained by the previous cell calculation is
used.

The collision probability method is used upon 1infinite
cell approximation.

The geometrical buckling given in BLOCK 4 is used in the
leakage term.

The one-group microscopic cross sections required in the
cell burn-up calculation will be collapsed using the
spectrum specified by this item.

Indicator to call CONDENSE routine to collapse the energy
structure of the macroscopic cross sections 1n the
MACROWERK file to put into the MACRO file before the whole
energy calculation.

Skip
Call

- This indicator is also used to specify the energy group

structure for the whole energy calculation activated by
IC12 whether in the fine group or in the few group.

Indicator to read the geometric information required in
IT1.3 tHrough I1.7 for this case.

Read the new geometry
Skip reading and use the same as the previous case

Selection of the routine for the whole energy range
calculation.

No ecalculation ; go to the CITATION cross section
formation.

Collision probability method If the negative value 1s
entered, the incident current at the outer boundary is
read from FLUX file by the member caseAbSp so that a
fixed source problem will be solved.

ANISN {one dimensional SN

TWOTRAN {two dimensional SN)

TUD {one dimensional diffusion;

CITATION (multi-dimensional diffusion;

Indicator to ecall CONDENSE to collapse the energy
structure of the macroscopic cross sections 1n the
MACROWRX file to put into the MACRO file after the whole
energy calculation.

skip
call

If either IC10=t1 or IC13=1 is entered, the specification
of the few group structure by BLOCKs 9,10 is required
cnly in the first case.

Indicator to write the macroscopic cross sections in the
format of the CITATION into the PS file FT31F00i for the
separate use of the CITATION. The few group cross
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IC15

IC16

1

It
-+

-+
no
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sections will be written 1if either IC10 or IC13 is 1.
Input requirement is described in Sect,II.

skip
write

Selection of the process to compose {or define) the
microscopic total cross sections in the resonance energy
range. (See Sect.V1.2)

Interpolation of the self-shielding factor tabulation of
the total cross sections which have been constructed by
the inverse average of the total c¢ross sections 1n
sufficiently fine energy intervals.

The in-group scattering cross sections are adjusted to
hold the neutron balance after the table look-up.

Otg = f P E dE/ '\ (& /o) dlk
El bl

Summation of all partial reactions

O¢ g = Z Or.g

reaction,r

The negative value activates an approximation on the
treatment of up-scattering from the thermal range into
the epi-thermal range to replace the up-scatter by the
same amount of self-scatter in order to save the cpu in a
few group calculation.

Indicator how to form the macroscopic transport
(collision} cross sections of each mixture which are
required 1in the 1isotropic transport routine. {See
Sect VI.2)

the extended transport approximation

G
Lirg = Eb,y "221 L g-g
g -

however. in the resonance shielding calculation
E:tr,g = E:D,g
1s assumed

P ,:—lpproximationg\‘I of the multi-group one point problem
is solved for a media made by homogenizing the mixtures
in the system for the fixed source problem {specified by
IC?; assuming the flat flux distribution. As for the
other isolaled mixtures which will be used in the whole
energy calculation, an equation is solved for one pure
mixture. If any of constituent mixtures in a cell has
already been formed 1in the previous case, other new
mixtures are treated as if isolated ones.
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Virg = Fog =0 Tiggly /g
g9

=2 B approximationa of the multi-group calculation of the
homogeneous media. ‘

Ztr,g' = EO.g *Z ELg'ngg’ /Jg
g

In the above equations, the geometrical buckling given in
BLOCK4 is used in  the leakage term. and the source is

assumed to be same as the fission neutron spectrum of
2354

=3 average by current component of the result of anisotropic
SN calculation {(not yet available}

Zl!r,g = DJ,g AZ E:l.(_:)"—gjg‘ /Jg
2]

Note : For a material strongly absorbing or almost empty. do not
use the options other than ICi6=0, otherwise, the spectrum
calculation will fail to converge.

If the cell burn-up calculation is specified by 120, this
1tem is fixed to O in order to pass a common process
through every burn-up steps.

Indicator how to compose the cell ‘averaged diffusion
coefficients on Dl position of macroscopic cross section
format. The absolute value of this item defines the way of
spatial average of the coefficients in the fine energy
group stage, and the sign of IC17 defines how to collapse
them into the few group constants. Normally enter positive
value, then the few group transport cross sections are
made from the inverse of the few-group diffusion
coefficlents.

DC:ZDQ%/Z Py
gall gel

If a negative value entered, the few group transport
cross sections are calculated by the flux-volume weighted
average of multi-group transport cross sections. This
option should be used for highly absorbing material. Even
if the negative value 1is entered, the few group diffusion
coefficient are not changed by the sign of this entry.

Etr‘C = Z }:tr',g Lg /Z Doy for IC17<0
gelr ge(

=+ 1 Inverse of the spatially averaged transport cross section.
The values required by this option are usually stored in
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IC18
=0
=1
IC19
=0
=1
I1C20
Note.
BLOCK 4
BSQ

I1. Input Data Requirements for SRAC

D? position unless IC17=3. For the homogencous mixture
this option is unconditionally taken as ICH7=1 and the
values are written in the place of DI and D2.

Dy = 1/304 .4

The isotropic components of Behrens’ term of the Benoist
model®  which are written into D1, whereas the values D ;
defined by Eq.VI.511 in Sect.VI.b remain in D2 positions
in the macroscopic format (see Sect.V.bH).

Dg‘ = {Z Pig Z E;:ijj}/ 32 Pig
: ] r. 1

The anisotropic components of the

Behrens' term of the Benoist model™ The radial
components in the cylindrical coordinate, the
perpendicular components in the plane geomelry are
written into D1; the axial components in the cylindrical,
the parallel components are written into D2 positions 1in
the macroscopic format.

Dy = (0 01 1 2951/ 8 g
H ] ir.j H

If the option IC17-3 is not used, the data filled in the
position of D2 are the values made as 1f the options
I1C18=0 and IC17=1 are specified.

Indicator to call the reaction rate calculation.

skip
call reaction routine. The input specified in II.9 is
required.

Print control in the routines for forming the macroscopic
cross sections (MACROF,MACROT.PIB1,HOMOSP, IRA.PEACO )

the most brief edit
or more ; the larger value prints the more fine
information

Indicator to call the burn-up routines (called just after
the cell calculation where all mixtures used in the
problem are to be specified with nuclide composition)

The input is specified in II.10.

All relevant daughter nuclides depending on the chain
scheme have to be prepared in User libraries.

v

Geometrical buckling (cwfzj commonly used in the Py or By
approximation in one polint spectrum calculation specified
by IC9 and/or ICI6. The negative value 1is accepted.

17
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Data set specification for PDS library files. 8+ /A8/
Fach in one line.

DATASET (1),1-1,8

Any  alphameric characters indicate the need of the
corresponding file in the job step. If a blank line 1is
entered, 1t indicates that the file 1is not used. For
example, When the user fasl and thermal files are prepared
by the previous Jjob, 1st and 2Znd lines may be blank
because no public library 1s necessary.

1st line for the public fast library

2nd line for the public thermal library

3rd line for the user fast library

4th line for the user thermal library

5th to 8th lines are always necessary, but their
function is obsolete.

BLOCK &= Specification for energy group structures 4/
NEF Number of the fast neutron groups of the user fast library
NET Number of the thermal neutron groups of the user thermal
library: punch 0, if IC4 = O in BLOCK 3

NERF Number of the fast few groups if the CONDENSE routine is
called. othervise punch O

NERT Number of the thermal few-groups if the CONDENSE routine
is called, otherwise punch O

BLOCK 7+ Required if DATASET {1} is specified in BLOCK © /NEF/
NEGE Number of the public fast groups in each user fast group

BLOCK 8 Required 1f DATASET (2% 1s specified in BLOCK 5 SNET/
NEGT Number of the public thermal groups in each user thermal

group

BLOCK 9+ Required if non-zero NERF 1s specified /NERF/
NECF Number of the user fast groups in each condensed fast

group

BLOCK 10+ Required if non-zero NERT is specified /NERT /
NECT Number of the user thermal groups in each condensed

thermal group

Note 1 BILOCK' s marked by * t.e. BLOCK 6 through BIOCK 10 are required

only 1in the first case. The energy group structure is kept
during the job step. If the CONDENSE routine will be called in
any of succeeding cases, the condense information NEREF, NERT,
NECF s, NECT s have to be specified in the first case. To feed
these items, either of condense indicator IC10 or IC13 must be
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non-zero while the CONDENSE routine is not called in the
- initial case.

Note 2 The following relations must hold to avoid overlapped group
assignment.

Qummation of NEGF (1) and NEGT(I) = 107
53 < Summation of NEGEF(L; <75
Summetion of NECF{I) = NEF

Summation of NECT{I) = NET

11.2 User's Microscopic Cross Section Libraries

The following data are required only in the first case and when the
user library files are updated. The use of the public file(s} must be
indicated on BLOCK 5 of 11.1. The information for the specified nuclide
and temperature will be transferred from the public file(s) into the

user{'s’.
BLOCK 1

IDENT

Note:

X-tag

zz-lag

m-tag

c-tag

b-tag

/A8/

Nuclide identification expressed by eight characters,
composed of six tags as "Xzzmcbit® of the nuclide to be
added to the libraries. If calculations on many temperature
points are required in a series of cases, the same IDENT's
with different t-tag must be repecated, When the same
nuclide which is already 1in the library is required, no
action except warning message 1S taken.

The same organization of IDENT is used to specify a nuclide
in the material specification on I1.8:

the tag used internally to specify physical quantities,
then any character 1s accepted in the input. The user will
be aware that several members with ¢, F, M7, or K’
for this tag are transferred at this step.

the chemical symbol of the nuclide (see Dictiopnary VII.1).
For a nuclide denoted by one character such as H for
hydrogen , the character ‘0" is added to complete the tag
as "HO' .

the last digit of the mass number is used to discriminate
the isotopes as 'PUG" for PU-239. "N’ is used to specify
the element with natural abundance. A few exceptional cases
oceur to discriminate the excited states of some fission
produced isotopes as PM-148-G and PM-148-M where the
special characters are used. All available combinations of
wome are listed in Dictionary VIT.3

the chemical compound status tag to select the proper
therma! scattering law (see Diclionary YII.2)

punch 'O’ always 1in this BLOCK. This tag 1s used 1n the
mixture specification {(I1.8, to identify the effective
microscopic cross sections of the b-th burn-up step
associated to the mixture because the common BLOCK

19
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organization is applied in Lhe mixture specification.

i-tag punch "0’ always 1in this BLOCK. This tag is used to
identify the effective microscopic  Cross sections
associated to the mixture when this organization is applied
in the mixture specification {11.8). ‘

t-tag the temperature indicator effective to the thermal library
{see Diclionaries VII.3 and VI1.6)

BLOCK 1 is repeated until a blank line is entered. The total number
of entries of this item must be less than 100 in an execution for
storage reason. Any duplicated entry of the same nuclide and
temperature causes only warning message.

A special function is added to treat the library in which the data
are prepared on the different temperature points. If IDENT="TEMPSET
is entered before the blank line, the vector (TFMPi,1-1,11) punched in
the free format are read immediately after this special nuclide
identification in order to replace the tabulation of temperature.
For this function, the corresponding thermal library must be prepared.

I1.3 Collision Probability Method

The input of this section is required if the combination of IC1=1
and IC11=0 is gpecified in BLOCK 3 of Sect. 11.1.

BLOCK 1 Control integers /18/
1 IGT Geometry type (see Fig.I11.3-1-a through 1-m)
~1 One dimensional sphere of multi-shells.

Fig.11.3-1-a shows the cross section of a spherical cell.
This cell model has been utilized in the evaluation of the
resonance integral of coated particles of an HTICR assuming
the spherical cell of the unit fuel grain and associated
graphite binder with the isotropically reflective condition
at the outer boundary.

Fig . I1.3-1-a Spherical and cylindrical cell
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-2 One dimensional slab of multi-layers.

=5

In Fig.IT1.3-1-b shown is a sample plane cell composed of
several layers of infinite planes. Care should be taken of
the boundary condition. Since SRAC does not provide the
perfect reflective (mirror ) boundary condition but the
periodic condition for this geomelry, an asymmetric cell can
be treated. On the other hand, if a symmetric lattice is
considered, the full geometry must be given. The symmetric
condition is reflected on T-region assignment 1i.e. by
assigning a common T-region number to 1two S-regions in
symmetric position. It is to be noted that since the
evaluation of the collision probability does not require any
numerical integration, a shorter computer time is expected in
the application of this geometry.

unit call

o|1|2]|314|5{6j7iB|2| 1|2

- RX1)E0 RX(10}

Fig.11.8-1-b  Infinite plane cell

One dimensional circular cylindrical of multi-shell.

In Fig.I1.3-1-a shown is also the cross section of an
infinitely long cylindrical cell which is a frequently used
geometry because the most power reactors install fuel in the
form of pin rod. The cylindrical model for the regular array
of pin rod cell together with the isotropically reflective
boundary condition provides a sufficient accuracy in the
numerical results compared with those by the more exact model
such as the square or hexagonal cell with the perfect
reflective boundary condition. The fact that the former
requires only one-dimensional numerical integration,
recommends the use of the cylindrical model as far as the
accuracy is assured.

Square cylinder divided by concentric annuli.

Figure 11.3-1-c shows a sample square cell divided by the
concentric circles into several regions. A pin rod cell of
BWR- and PWR-type lattice cell can be accurately expressed by
this module. It is to be noticed that the coolant region can
be sub-divided by the circle of which radius exceeds the
distance from the center to the side line.

Square cylinder of two—dimensional division

Figure I1.3-1-d shows a sample square cell sub-divided by

21
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the concentric circles and further by four lines crossing the
central axis. Fach line makes an angle of 87.5 with a side
line of the square. While an annular ring 1is divided 1into
eight pieces, because of the octant symmeiry assumed. two
adjacent pieces per annular division are left as independent
reglons. ¢

| rx@) |

Fig.11.3-1¢c  Square cell Fig.11.3-1-d Two dimensional
square cell

-6 Hexagonal cylinder divided by concentric annull

Figure I1.3-1-e shows a sample hexagonal cell divided by
the concentric circles into several regions. A pin rod cell
of the IMFBR, and the SHE can be simulated by this module.

~7 Hexagonal cylinder of two-dimensional division.

Figure I1.3-1-f shows a sample hexagonal cell sub-divided
by the concentric circles and also by six lines crossing the
central axis. Fach line makes an anzle of 7o” with a side
line of the hexagon. While an annular ring is divided into
twelve pieces. because of the B0° rotational symmetry
assumed. two adjacent pieces per annular division remaln as
independent regions.

Fig 11.3-1-e Hexagonal cell Fig.1I1.3-1-f Two dimensional
hexagonal cell
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-8 Octant symmetric square pillar divided by X-Y coordinates

23

Figure I1I1.3-1-g shows a square cell divided by the
Cartesian coordinates.

-a Octant symmetric sguare pillar
with square array of pin rods.

divided by X-¥ coordinates

Figure I11.3-1-h shows a square cell containing the squa
rods. The CLUP7Y module for these geometries
n a BWR-type fuel
the explicit

array of pin

developed to compute collision probability 1

cluster with diagonal symmetry with or without
representation of fuel pins.

RX(7
'[ 21 RX 26;
19120 RX (5} ¢
16 t7i18
RX(4) |
12 13 1415
RX(3) i
T 8 . 9 tel{Rl
1 2 3 4 516 RX(Z) )
/
in the case of IDIVP =0
in the case of ICIVP =1
Fig.11.3-1-¢

A quadrant of an octant
symnetric square assembly

Note

Subdividing
to 246.

that a

standard
mesh will have. allowing for the diagonal
mesh regions and a minimum of 56 fuel pin regions {
and one can region per pin) making a total
the coclant zones into qua

re
is

21
19120
: :: :: 16 17118
12 13 Nalis
II 7 II 8 :: 3 |10l11
2 3 4 |ss
s
a3 iaq
OlOIE=
) 37 {381
3132 =3 Bﬁzﬂ

: 25 T 26(27 28 les
18 19.20 2!. 2212324
107 1l 2T 13{ 14 “//t51sr7
2 3| 4 5] 8 7 l8als

Fig. 11 .3-1-h

Octant symmeiric square
assembly with pin rods

7 + 7 BWR bundle in a 12 * 12 x-y

of

symmelry,

134

8 x-y
one fuel
reglions.
drature increases this
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An application focussing the analysis of the cruciform
control rod worth or the alternative water gap peaking effect
requires the more detailed x-y subdivision to simulate the
sharp flux distribution near the central axes. The running of
such a case might exceed the limit of the computer time and
memory . This restriction might be mitigated by some
compromised approach such as to take acccount of heterogeneous
geometry only of a part of the assembly under consideration
and to substitute some fuel pin regions by the homogenized
fuel regions in order to reduce the total number of regions.

10 Anmular assembly with annular array of pin rods

As shown in Fig.I1.3-1-i, the geometry allowed consists
of a number of annului and a number of circular fuel rods,
equally spaced in circular rings. The rods consists of
several concentric layers, and they may., together with the
coolant, be divided further by the circles Lhrough the
centers by an indicator IDIVP. Several pin rods on a circle
are assumed equivalent. The sub-division of annular coolant
regions by the concentric circles : the function of I1DIVP
which indicate the radial positions of pin rods is optional
as also shown in Fig.IT1.3-1-i. Note that the cylindrical
approximation is made for the outer shape of a unit assembly.
S-region is numbered first to the inner-most pin rod starting
from inner to outer of a pin rod center if IDIVP<2, and from
inner to outer measured from the cell center if IDIVP=2, then
to the pin rod on the outer ring. After the outer-most pin
rod, the moderator region is from the inner to the outer.

IDIVP=0

7o)
R

IDIVP =2

case N=4 NA=|
NPIN (1) = 6

Fig.11.3-1-1 Annular assembly with annular arrays of pin rods

11 Annular assembly with asymmetric array of pin rods

A module to permit an asymmetric disposition of pin rods
is provided. Any size of pin rod can be mounted at an
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arbitrary position as far as pin rods do not intersect each
other, The moderator regions can be  subdivided
two-dimensionally by the concentric circles and by the
radiating lines as illustrated in Fig.11.3-1-].

Care should be taken in applying the :isotropically
reflective boundary condition at the outer surface where the
neutron flux is assumed uniform and isotropic even if the
fluxes in the segment regions adjacent to the surface are not
uniform in the rotational direction. IL 1s suggested to use
this module in the so-called super cell structure in which an
actual asymmetric cell 1s surrounded by enough thick
symmetric material and the isotropic boundary condition 1is
applied at the outer boundary of thiz external material.

=12 Hexagonal assembly with asymmetric array of pin rods

A module is provided to permit the calculation of the
collislon probability in a hexagonal block with asymmetrical
array of pin rods. The moderator regions can be subdivided
two-dimensionally by the concentric circles and by the
radiating lines as illustrated in Fig.1I.3-1-k. Optional
boundary conditions; periodic or 60° rotational, are provided
to reflect the realistic disposition of burnable poison rods
in the neilghhouring blocks.

22 21

Fig.I1.3-1-j Annular assembly with Fig.11.3-1-k Hexagonal assembly with
asymmetric pin rods asymmetric pin rods

-13 Rectangular pillar divided by X-Y coordinates with pin rods
on grid points

This type has permitted an x-y division of a rectangular
lattice cell. By the recent mcdification, annularly
sub-divided pin rods can be mounted on any grid point
(xi,yj). Arbitrary radii for the annular sub-division are
given by each pin rod. A special example shown 1n
Fig.I11.3-1-1 is a multi-rod expression of a hexagonal array
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Fig.I1.3-1-1

¥X-y two-dimensional cell with pin rods on
arbitrary grid points (Illustrated is a
multi-rod expression of hexagonal array
of pin rods)

of unit pin rods. S-region mumbers appearing in the figure is
purely geometrical, and the user 1is requested to allocate
T-region number for which the neutron fluxes are calculated.
As the periodic condition in x- and y-direction is supposed,
the region allocation must satisfy this condition. For
example, the region number allocated to a fuel pin located on
the left edge must be coincide to that on the right edge.

It has been used in an analysis of the two-rod
heterogeneity in the experiments achieved at the PROTEUS
reactor for the feasibility study of LWHCR. a closely packed
LWR. In the above experiment PuOp rods and depleted U0 rods
are alternatively arranged in a hexagonal array. It has been
found that this module is quite useful through the analyses
for a three rod heterogeneity composed of ThOs, enriched UOo.
and graphite rods in a hexagonal array in the SHE core, and
also for a checker board pattern of My and UOp rods in the
TCA core.

Concentric layer of hexagons with pin rod array of hexagonal
symmetry

The original module for this geometry has permitted the
concentric hexagonal division of a hexagonal cell. By the
modification, on the side of the arbitrary concentric
hexagon, pin rods can be mounted. Number of pin rods on a
hexagon must be a multiple of six, since the 80" rotational
symnetry is assumed. They are placed with equal interval
starting at a corner of a hexagon. Pin rods on a hexagon are
treated to have the same fluxes. A special case is shown 1n
Fig.1T1.3-1-m where a hexagonal array is formed by 19 rods.
The calculations of direct collision probability of a pin
type [MFBR assembly enclosed by a wrapper tube become
available to solve the double heterogenecity effect which 1is
one of topics in the FBR physics.
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2 NZ

3 NR

4 NRR

5 NXR

6 IBOUND

=2

Note:

7 NX

1. Input Data Requirements for SRAC

Fig.I11.3-1-m Conceniric layers of hexagons with
equi-distant pin rod arrays

Total number of sub-regions. A sub-region is the smallest
unit enclosed by line or by circle. It is merely geometrical
sub division used to assign the folloving T- . R, and
X-region by integer. The accuracy of the calculation 1is
decided not by sub-region but by the latters.

Total number of T-regions {for thermal neutron calculations ).
A T-region is composed of one or more sub- regions

Total number of R-regions (in resonance heutron calculations
An R-region 1s composed of one or more T-regions.

Total number of X-regions (for smeared cross sections). An
X-region is composed of one or more R-regions.

Outer boundary condition of the cell calculation

Isotropic {(white) reflection

Perfect {(mirror) reflection, but for IGT=2 {1D =slab; or
IGT=13 (2D X-Y pillar) periodic condition is taken. In the
latter cases, symmetric condition if any has to be specified
by region numbering and dimension.

Isolated (black)

-1 80 degree rotational {(applicable only for IGT=12)

If the fixed boundary source problem 1is solved by the
specification of IC12. IBOUND 1s automatically set to black.
For the Dancoff factor calculation even in this case, IBCUND
=0 or -1 should be entered.

Nunber of mesh intervals for X or R division of a cell

27
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8 NY Number of mesh intervals for Y or angular division

9 NTPiN Total number of pin rods (effective for IGI=10,11,12,13 or
14, calculated internally for IG[=9)

10 NAPIN Number of pin rods in an array (for IGT=9), or number of
circles on which the pin rods are located (for IGT=10,14)

11 NCEFLL Minimum number of lattice cells traced by a neutron path
(effective only for IBOUND=1). This item is used to cut off a
neutron path without knowing the actual optical path length.
It is desirable to trace a neutron beyond an optical length
of 6.0 if the computer time allows. Recommended value to this
item is NCFLL = 2 for a cell encugh large in the sense of
optical path, or NCELL = 5 for a transparent or small cell.
The larger value causes the longer computer time. The user
should not be afraid of the short cut of a path by
insufficient number of NCFIL while a certain amount of
neutrons reach the end of the path and loose the
contribution. It will be recovered by the later process of
normalization and redistribution of collision probabilities.

12 IEDPIJ Fdit control for collision probabilitlies

=0 Skip print
=1 Print collision probabilities

13 NGR Order of QGaussian integration for the numerical radial
integration . ineffective for one dimensional slab (IGT=2).
Recommended value is from 6 to 10. Note that the computer
time for the integration of Pij is proporticnal to this i1tem.
For the geometries IGI=8.9, and 13, the Gaussian integration
is replaced by the trapezoidal rule,

14 NDA Number of division of the range IBETM {described bhelow)
degree for the numerical angular integration of Pij. required
for IGT =-4,5,6,7,8,9,10,11,12,13, and 14. Sufficient accuracy
will be obtained if approximately half of IBEIM is entered as
NDA.

Total amount of NX+#NGR+NDA neutron paths are traced for the
two-dimensional integration. After storing the path information and
before the actual time-consuming integration, the ratios of the
numerically integrated volumes to the exact ones are printed out. The
deviations of the ratios from unity (should be less than a few
percent } predict the accuracy of the integration. The user should
adjust the wvalues of NGR and NDA so as to be accurate but not
time-consuming.

15 NDPIN Number of annular division of a pin rod. effective for IGT=
9,10,11,12,13 or 14

16 IDIVFP Control of sub-division by RPP's, used for IGT=9,10,11,12.,13
or 14.

=0 RPP's indicate the radial positions of pin rods
=1 RFPP's also play the role of RX's i.e. positions of annular
division
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=2

17 IBETM

i8 IPLOT

BLOCK 2

1 IEDIT
=0
add
add
add
add

2 I'TMINN

3 ITMOUT

4 ITBG
5 LOMX
6 ITDM

7 IPT

1 EPSI

2 EPSO

3 EPSG
~4 RELC

5 OVERX

6 FACTOR

BLOCK 3

II. Input Data Requirements for SRAC

RPP's further divide the pin rod regions into inner and outer
regions, {inefficient for IGI=9, or 13)

Range of angular integration in degree. Punch =4% in octant
symmetric geometry, =30 in hexagonal symmetry, inefficient
for one dimensional geometry. Set double if .IBOUND=1 1is
specified. Enter =360 if symmetric only on a plane.

Indicator to call plotter routine for geometric mapping

Skip plotting
Call plotter routine

/0,7,6/
Paramelers for the iterative solution of linear equations for
neutron fluxes: the values in < > shows defaulted values used
when ITMINN=0 is specified. (See Sect.VI.4)

Edit control

No edit

1 print reaction balance and flux distribution

2 print macroscopic cross sections

4 print collision probabilities

8 print fixed source distribution

Maximum number of inner iterations per an outer iteration
<100> for the fixed source problem in each energy range < 4>
for the eigenvalue problem

Maximum number of outer iterations for the eigenvalue problem
< B0 > .

Minimum number of iterations before extrapolation < 5 >
Number of iterations for testing over-relaxalion factor < H >
Minimum delay between extrapolation < 5 >

Control of monitor print at each iteration < Q >

suppress print
print record

Convergence criterion for inner lterations < .0001 >
Convergence criterion for outer iterations < .001 >
Extrapolation criterion < .001 >

Initial over-relaxation factor < 1.2 >

Maximum extrapolation < 100. >

Under extrapolation factor < 0.8 >

Required 1f NR < NZ /NZ/

29
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NREG
BLOCK 47
IRR
BLOCK 5

IXR

BLOCK ©

BLOCK 7

NPIN

BLOCK 8

BLOCK 9

BLOCK 9

BLOCK 10

RPP

BLOCK 10°

RPP
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T-region number by sub-region

Required if NRR < NR /NR/
R-region number by T-region

Required if NXR < NRR ‘ /NRR/

X-region number by R-region. If entered =0, this R-region
ig excluded from the average.

/NRR/

+ Material number by R-region ; sequential order of a
material appearing in the mixture specification is used as
material number.

Negative value of the material number indicates that this
material = is heterogeneous 1in the sense of the double
heterogeneity. It is supposed that two composite materials of
this material are specified in the preceding positions. That
is, if the number -3 appears 1in MAR's. the first and second
materials specified in II.8 are the composites of the
microscopic cell. The relevant input data are required 1in
BLOCK 14.

Required only if IGT=10 or 14 /NAPIN/
Number of pin rods on each ring. If IGT=10. the pin rod on
the central axis is not counted in NPIN, but the summation of
NPIN values is less than NIPIN by one, a pin rod is
automatically positioned at the center. 1f IGT=14, the center

pin rod is counted by NPIN. Defaulted values are prepared if
NPIN:13=0 for IGT=14 as 1,6,12,18.....

/NX+1/

X-abscissae, radii, or the distance from the center to each
side of hexagon or square in cm; RX(1)=0 always.

Required if IGT-11 or 12 and if NY > O /NY/

Angular division by 0's in degree.

Required if IGT=13 and if NY>1 ANY+1/
Y.-abscissae in om ; TY{1)=0 always.
Required if IGT=9.10 or 14 SNAPIN/S

X-positions of pin rods for IGT=-9. Radii of the circles on
which pin rods are located for IGr=10. Distances from the
center to the sides of hexagons for IGT-14.

Required if IGT=11, or 12 NTPIN,

Radial position of each pin rod for IGT=11 or 12
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BLOCK 10~

IXP

BLOCK 11
THETA

BLOCK 117
IYP

BLOCK 12

RDP

BLOCK 127

RDP

BLOCK 13

1 1IG

add
add
add
add
add

1. Input Data Requirements for SRAC 31

Required if IGT=13 ANIPIN/

X-position of each pin rod on RX's. Enter integers ranging
0 and NX.

Required if IGI=10,11, or 12 < /NTPIN/
Angular position of each pin rod by 0 1n degree
Required if IGT=13 /NTPIN/

Y-position of each pin rod on TY's. Fnter integers ranging
0 and NY.

Required if IGT=9,10 or 14 /NDPIN+1/

Radii for annular sub-division in a pin rod ; where
RDP{1)=0. The radii are common through all pin rods.

Required if IGI=11,12 or 13 / (NDPIN+1 #NTPIN/

Radii for annular sub-division of individual pin rod ; where
RDP(1,J =0 always.

7

/3

Plotter control integers required 1f non zero value of IPLOT
in BLOCK 1 is specified

Signed integer to specify the combination of required region
map ;the integer 1s made of the summation of following
integers corresponding to the kind of map.

none

i Sub region

2 T-region

4 R-region

8 Material number
16 X-region

Positive value indicates printing of assignment of region
numbers in the figure, and negative value requires only
figure.

Indicator of the scale of figures

One figure of diameter of 20 cm in a screen

Two figures of each diameter of 1% cm in a screen
Five fisures of each diameter of 10 cm 1n a screen

Continuation indicator

followed by the next BLOCK 13
the last plotting
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Examples of BLOCK 13

1) RECORD ( 31 1 0 ) signifies that each of Sub-,T-,R-, and X~ region
map and Material number map is figured in separale screens with
assignment of region numbers , and continued.

2y RECORD ( -1 1 1 ) signifies that only Sub-region boundaries are
figured . and return to main routine.

BLOCK 14

Required if any negative MAR is entered /A0,3.2/
Control 1integers for the treatment of the double
heterogeneityﬂ_

Fnergy range indicator

Resonant II range by the PEACO routine
Thermal range ( not yet available )

.

Resonance 1] and thermal range { not yet available)
Geometry indicator of the microscopic heterogeneity

Slab
Cylinder
Sphere

Model indicator for the definition of the collision rate
ratio in the two-region microscopic cell

Transmission _

Neutron from moderator

Neutron escaping from absorber lump
Simplified transmission

Outer radius of absorber lump

Outer radius of microscopic cell. Because the escape
probability is evaluated by the analytical expression by Case
et al.®, the Dancoff correction must be fed in the material
specification 11.8.
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11.4 ANISN : One Dimensional SN Transport

The one dimensional SN routine ANISN can be used in either cell
calculation or core calculation. The original 1input format® is
replaced by our free format described in the top of IT, however the
original keycodesz corresponding to the array names and their orders
are still kept to facilitate the reference to the original manual. The
vay of reading by indicaling the array code of three characters and
then entering the array beginning on the next logical record 1s not
changed.

As the cross sections are prepared after reading the input of this
section., several control integers relating to cross sections are
automatically set at that step, then they are indicated here as inter-
nally set. And also the user will find that =several functions are
suppressed due to the restricted use of ANISN in the SRAC.

BLOCK 15% Integer parameters /36,7

1 ID Problem ID number. If ID is greater than 1000000, disad-
vantage factors will be computed by group for each
material which appears in the calculation.

2 ITH =0 foyward solution
=1 adjoint solution

3 ISCT Maximum order of scatter found in any zone
=0 PF; component
=1 P; components

4 ISN Order of angular quadrature {(even lnteger only, 2/4/6..
S Vo WS s T

5 IGE Gecmetry
=1 slab
=2 cylinder
=3 sphere

6 IBL Left boundary condition
=0 vacuum (no reflection}
=1 reflection
-2 periodic <{(angular flux leaving left Dboundary re-
enters in the right boundary)
-3 white / albedo (some fraction returns isotroplically}

7 IBR Right boundary condition, same as IBL
8 17M Number of zones or reglons

9 IM Number of mesh intervals

10 1IEVT Eigenvalue type

=0 fixed source
=1 K calculation
=2 alpha search

11 IGM Number of energy group, required if BLOCKs 248, 2o, 20#
are read, otherwise punch =0
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12

13

14

15

16

17

18

19

21

THT

IHS

IHM

MCR

MIP

TDFM

IPVT

QM

IPM

PP

IM

D1

D2

103

D4

oM

IDATH
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Position of total cross section in cross section table
{internally set)

Position of self scatter cross section in cross section
table (internally set)

Length of cross section table ({(internally setl}

Cross section mixing table length {mixing function is
suppressed ) punch =0

Number of cross section sets to be read from cards
in the original format. {(suppressed) punch =0

Number of cross section sets to be read from tape
{internally set)

Total number of cross section sets {(internally set)

Control for density factors (suppressed)
=) density facltors (21%) not used
=1 density factors used

Indicator of parameter EV, effective if IEVI=2
=0 no effect

=1 EV as k

=2 EV as alpha

-0 no distributed source in eigenvalue problem

-1 distributed source formed in SRAC

-2 distributed source read in execution time of ANISN

=0 no shell source

=1 shell source IGT+MM

=N shell source N+IGT+MM

=0

-N interval number which contains the shell source if
IPM=1.

Tnner iteration maximum (suggested value, IIM = 35)

=0 no effect
= print angular flux

=0 ({(suppressed}

=0 no effect
=N compute N activity by zone

= no effect
=1 compute activity by interval

Outer iteration maximum {(suggested value for K calcula-
tion ICM=50’ if fixed source ICM-1

=0 all data in core {other options suppressed)
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31 IDATZ

32 IFG

33 TFLU

34 IFN

35 IPRT

36 IXTR

BLOCK 16+
1 EV
2 EVM
3 EPS
4 BF

5 DY

6 DZ
7 DEM1

8 XNI

9 PV
10 RYF

11 XLAL
12 XL.AH

13 BL
14 XNPM

BLOCK 0OOT

iI. Input Data Requirements for SRAC

= no effect
1 execute diffusion solution for specified group {(PAT

-0 no effect {(other options suppressed)

-0 step model used when linear extrapolation yields
negative flux (mixed mode) (suggested option)

=1 wuse linear model only

-2 use step model only

Control for initial guess: punch =0

-0 enter figsion guess (internally set if eigenvalue)

-1 enter flux guess (internally set if fixed source)

=2 use fluxes from previous case (suppressed}

= print cross sections
-1 do not print cross sections

=0 calculate P scattering constants {Legendre
coefficients,suggested option)

-1 read P; constants from BLOCK 34+

Floating point parameters Var:

Iniﬁial guess for eigenvalue

Figenvalue modifier for first eigenvalue change.

Epsilon - accuracy desired (suggested value, FPS-=0. 0001 )

Buckling factor, normally 1.420892

Cylinder or plane height for buckling correction (may
include extrapolation length?

Plane depth for buckling correction
Transverse dimension for void streaming correction

Normalization factor (If ¥NF=0.0, no normalization 1is
done ), Suggested value, XNF=0.

-0.0, or = au if IPVI=2.
Relaxation factor (suggested value = 0.9}

Point flux convergence criterion if punched greater than
zero {suggested value = 2. 0:EPS )

Upper limit for [1.0-lambda 11 used in linear search,
normally =0.05

3« EPS

IS

Figenvalue change option, 0.001< EQL
New parameter modifier, normally, =0.75

Termination of control numbers

35
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BLOCK 04+

BLOCK

BLOCK

BLOCK

BLOCK

BLOCK
BLOCK
BLOCK

BLOCK

BLOCK

BLOCK
BLOCK

BLOCK

BLOCK

BLOCK

06+

Q7+

235

24%

2ok

00T
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Radii by interval boundary JIM+1/
Angular quadrature weights /MM
MM = ISN + 1 for plane or sphere

MM = ISN + {ISN + 4)/4 for cylinder

For ISN = 2. 4, 6, 8, 12, and 16, built-in constants are
prepared; then no entry required.

Angular quadrature cosines MM/

For I8N = 2, 4, 6, 8, 12, and 16, built-in constants are
prepared; then no entry required.

Zone numbers by interval JIM/
Material numbers by zone Favivid

(The function not to consider transverse buckling if
negative number punched 1s suppressed)

Order of scatter by zone yavivig
Density factors by interval, if IDFM=1 JSIM/
Material numbers for activities, if ID3 > O /ID3/
Cross section table position for activities JID3/
if ID3 > 0

Diffusion,infinite homogeneous medium calculation marks;
if IDATZ > O /IGM/
Albedo by group — right boundary, if IBR - 3 /IGM/
Albedo by group - left boundary, if IBL = 3 JIGM/
X regions by zone to indicate the region where the cross
sections are averaged by flux volume JSIZM/
P, scatter constants. if IXIR = 1 SJT+MM/

vhere JT = ISCT for plane or sphere
JT = ISCT + {(ISCT + 4)/4 for cylinder

Termination card to indicate the end of ANISN input

The following blocks are required in the execution step of the ANISN
routine

BLOCK

BLOCK

17+

18+

Distributed source, if IQM=1 SIGM+IM/

Shell source, if IPM=1 STGM+ TPM<MM,/
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I1.5%5 TWOTRAN : Two Dimensional SN Transport

The two dimensional SN routine can be used in either cell calcula-
tion or core calculation. We split the original code into two steps
the first to read, check, and store the input; the second to execute SN
calculation. The second step is called either in fixed source problems
{once in fast neutron range, once in thermal neutron range ) or in

eigenvalue problem.

The original input format” is replaced by the free format des-
cribed in the top of Chapt.II. As the cross sections are prepared
in later steps follewing this input step, the user will find that
several items in the original TWOTRAN are automatized or omitted in the
input.

BLOCK 1

NTITLE Number of job title card

BLOCK 2 (NTITLE /AT2/

TITLE Job title or job description.

BLOCK 3 Control integers 42/

1 ITH Type of calculation to be performed
=0 direct
=1 adjoint

2 ISCT Order of scattering calculation. There are
NM=(ISCT+1{ISCT+2 /2 spherical harmonic flux components
computed, There are not used to ‘compute a scattering
source unless some zone material identification number 1s
negative. See IDCS below.
=0 1isotropic
=N N-th anisotropic

(N=1 acceptable for ordinary moderators, N=H for HPO;

3 ISN SN order. Fven integer only. If negative, quadrature
coefficients are taken from interface file SNCONS. Other-
wigse (for ISN= from 2 through 18} built 1n constants are
used.

4 IGM Number of energy groups {(internally set)

5 IM Number of rebalance coarse mesh intervals in the
i-direction. See IMC and XRAD below.

6 JM Number of rebalance coarse mesh in the j-direction. See
entries JMC and YRAD helcow.

7 1IBL Left boundary condition
=0 vacuunm
=1 reflective

8 1BR Right boundary condition

=0  vacuum
=1 reflective
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10

11

12

13

14

15

16

17

18

19

20

BB

IBT

TEVT

ISTART

MT

MIPS

MCR

IHS

IHM

IQOPT
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=2 white

Bottom boundary condition

=0 wvacuum

-1 reflective

=2 white ‘
= periodic

Top boundary condition
=0 vacuum

=1 reflective

=2 white

= periodic

Figenvalue type

-0 inhomogeneous source

=1 K calculation

_o time absorption alpha search

= huclide concentration search {(suppressed)
_4 zone thickness (delta) search (suppressed)

Input flux guess and starting option

-.5 an entire scalar flux guess from FT33F001

=0 npo flux guess required, but a fission guess {unity
in fissionable zone) 1is automatically supplied

-6 a problem restart dump is read from unit FT12F00!1

Other options in this item are suppressed.

Total number of cross sectlon blocks including anisotropic
cross sectlons

Number of input material set from the interface file
1SOTXS supplied by SRAC

Number of input materials from the code dependent 1nput
file ; punch =0 (suppressed )

Number of mixture instructions : punch =0 {suppressed )

Row of total cross section in the cross section format |
punch =0 {internally set)}

Row of within-group scattering cross section in the cross
section format ; punch =0 {internally seb;

Total number of rows in the cross section format
=0 {internally sel}

Option for input inhomogeneous source .
Qgijn . for g=1,IGM, 1i=1.IT, j=1.JT, n=1,NMQ
where NMQ = (TQAN+1 ; (IQAN=2 /2

-0 no input required; for the fixed source problem in
fast neutron energy range fission neutron spectrum of
spatially flat and isotropic source will be supplied
automatically, for the problem 1n thermal neutron
energy range spatially flat slowing—down source 1n
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21

24

&

B B 8 3

31

TQAN

IQR

1QB

1QT

IPVT

IITL
XM
IYM

ITLIM

IGECH

TEDOPT

LSDE

IL. Input Data Requirements for SRAC

each zone will be supplied avtomatically.

-1 enter an energy spectrum for each angular component n
of NMQ , spatially flat socurce is assumed.

-2 enter an ehnergy spectrum and NMQ sets of spatial
shape.,

=3 enter first a spectrum and a shape IT#JT, then repeat
for n.

-4 enter first a spectrum and an i-direction shape, and
a j-direction shape. then repeat for n.

-5 the entire source is read from unit FI32F001

Order of anisotropy of inhomogeneous distributed source
=0 isotropic
=N N-th anisotropic

Right boundary source to be specified as input,
=0 no source
=1 read source

Bottom boundary source to be specified as input
=0 no source
=1  read source

Top boundary source to be specified as input
=) no source
=1 read source

Specification of PV, parametric eigenvalue,

=0 none

=1 K

=2 alpha

Maximum number of inner iterations allowed per group
I-direction zone thickness modifier (suppressed)
J-direction zone thickness medifier (suppressed)

Time limit in cpus, if an integer of seconds is punched, a

restart dump is taken after this number of seconds and the
job 1s terminated.

Geometry
=1 X-Y
=2 R-7Z
=3 R-0

Edit options.

=0 none

=1 macroscopic edit

=2 {suppressed)

-3 option 1 plus a zone relative power density edit

Indicator to density factor input
=0 no
=] vyes

39
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33 11

34 12

35 13

36 14

37 15

38 1o

Caution

39 IANG

40 IMC

41 JMC

42 1FO
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Full input flux print suppression indicator

=0 no

=1 vyes

Final flux print indicator

=0 all ‘
=1 isotropic

=2 none

Cross section print indicator

=0 all
=1 mixed
=2 none

Final fission print indicator
=0 yes
=1 no

Source input print indicator

=0 all

=1 input

=2 normalized
=3 none

Indicator to prepare and print coarse-mesh balance tables.
The tables are for the rebalance mesh when the rebalance
mesh and material mesh are different.

The preparation of these tables requires an additional
outer iteration after problem convergence.

=0 yes

=1 no

Fdit for angular fluxes. The preparation of angular fluxes
requires an additional outer iteration after problem
convergence as well as additional storage.

=-1 print and store

=0 none

=1 store

Number of material coarse-mesh intervals in the 1i-th
direction. When this value is non-zero the rebalance
coarse mesh as given by items IM and JM is not the same as
the material coarse-mesh. The material coarse-mesh is the
same as the mesh upon which all edits are done. When edits
are reguested and IMC 1s not zero, angular fluxes must be
stored. See entries IDCS, XM, THXC, and XRAD below.

Enter =0 (suppressed in the SRAC)

Number of material coarse-mesh Intervals in the j-th
direction.
Fnter =0 (suppressed in the SRAC

Interface file output is created. Total {angle-integrated}
flux and SNCONS files are always created. Angular flux
file is created only if IANG is not zero.

=0 no

=1 vyes
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BLOCK 4

1 EV

2 FVM

3 PV

A XLAI

5 XLAH

6 XLAX

T FPS

8 NORM

9 POD

10 BHGT

BLOCK 5

THX

BLOCK ©

IHY

BLOCK 14

XRAD

BLOCK 15

YRAD

II. Input Data Requirements for SRAC 41

Control floating point data S10/
Eigenvalue guess. It 1s sablisfaclory to punch =0.0
Eigenvalue modifier used only if IEVT > 1.

<

Parametric value of K for subcritical or supercritical
systems or 1/v absorpltion.

Lower limit for eigenvalue searchs,
Search lambda upper limit.

Search lambda convergence precision for second and sub-
sequent values of the eigenvalue,

Convergence precision.
Normalization factor. Total number of particles in system
normalized to this number if it is nonzero. No normaliza-
tion 1f NORM is zero.

Parameter oscillation dumper used in elgenvalue search.

Sighed value of buckling height in cm used to simulate the
axial leakage by adding an absorption given by

&,,B;f(;yrr—.% (r/ BHGT+L, + 1.420937°

Here 1.420¢ is twice the Milne problem extrapolation
distance, and ¥; is the total cross section. Used in (r.8;
and {x.y} geometry only. If the negative value 1s entered,
the Milne extrapolation distance is not added to the
buckling height.

SIM/
Integer defining the number of fine mesh i-intervals in
each coarse-mesh k-interval. This vector is used for both
the rebalance mesh and material mesh .

/J Mr“/
Integer defining the number of fine mesh Jj-intervals 1in
each coarse mesh 1-interval. This vector is used for both
the rebalance mesh and material mesh,

JIMs1/

Coarse 1-mesh boundaries. Must form increasing sequence.

AN/

Coarse j-mesh boundaries. Must form increasing sequence.



42

Revised SRAC Code System JAERI 1302

BLOCK 16 SIM=IM/

IDCS Cross section zone identification numbers. These numbers
assign a cross section block to each zone defined by the
material coarse mesh. If thes: numbers are negative, an
anisotropic scattering source is calculated in the zone;
but the numbers need not be negative when ISCT > O

BLOCK 17 | AT/

XDF Radial fine-mesh density factors. Do not enter if ISDF.EQ.
0 . IT =-sum of IHX vector.

BLOCK 18 | ST/

YDE Axial fine mesh density factors. Do not enter if ISDF.EQ.O

JT = sum of IHY wvector.
The effective cross sections at fine mesh point(l,J) are
cross sections for the point defined by IDCS array multi-
plied by the factor XDF (I )*YDF(J.

BLOCK 19 , Yavi

NEDS Integer defining number of edits to be performed. Do not
enter unless 0 < IEDOPT < B

BLOCK 20 Required 1f NEDS > O Se/

NZ Integer of edit zones.

NORMZ, The zone to which the power density is normalized. (NORMZ
is not used unless TEDOPT = 3 or 4}

BLOCK 21 /IM:=JM,/

NEDZ Integers defining which edit zone each coarse mesh

material zone 1s in.
Caution: The edit blocks beginning with NZ.NORMZ must be
repaated NEDS times. Do not enter unless G<ITEDOPTI<D

BLOCK 22 SIM+dM/
IX7 X-region numbers by zone.
Note: The following distributed and boundary sources; BLOCKs 7,

8, 9, 10, 11, 12, and 13 are read in the execution step of
TWOTRAN: they must be positioned after the PEACO input

data,
BLOCK 7 / see option IQOPT /
Q IQOFT=0 none

=1 NOM set of 1IGM
= ICM groups of NMQ blocks of IT#JT
= NMQ sets of IGM+IT+JT
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BLOCK 8

QRr1
BLOCK 9
QRZ2

BLOCK 10

QBt
BLOCK 11
QB2
BLOCK 12
QT1
BLOCK 13

Qiz

Ii. Input Data Reguirements for SRAC

=4  NMQ sets of IGM+ITHIT
=5 entire source from FI32

S FTRMM,/
of fine mesh in j-direction,
and MM is total number of

Required if IQR-=1

where JT is total number
equal to the sum of IHY vector .
angmlar mesh; MM = 1SN (ISN+2 3/8

Right boundary source {flux} in the in down directions.

Required if IQR=1 SITMM/

Right boundary source (flux} in the in-up directions.

Required if IQB-1 SIT=MM,/
where IT is total number of fine mesh in i-direction,
equal to the sum of IHX vector.

the in-up directions.

Bottom boundary source {(flux) 1in

Required if IQB=1 STTHMM/

Bottom boundary source {flux) in the out-up directions.

Required if IQT=1 JTITHMM,/

Bottom boundary source (flux} in the in-down directions.
Required if IQT=1 STT=MM/

Bottom boundary source (flux) in the out--down directions.

43
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One Dimensional Diffusion

The one dimensional diffusion routine TUDY is preferred to the

CITATION by
required if

BLOCK 1
1 NRMAX

2 1G

3 IBOUND

Note.

4 IGUESS

5 IPTXEC

6 ITFLUX

the simpler input requirement. The following data are
1C2=4 or IC12=4 is entered in BLOCK 3 in Sect.1I.1.

Control integers 78/
Number of regions

D, geometry

p = 0 slab

po= 1 cylinder

p = 2  sphereer

Outer boundary condition

=-1 zero {lux at the outer boundary, rg

=0 reflective

=1 zero flux at the group dependent extrapolated distance
calculated as

di.
Lot wgpe = O
dr 9¥q

Dy

3pD
Zrb

=2 =zero flux at the constant extrapolated distance

with «, = (1 + 0.7105 2y /(3+0.7105)

g .
ar Fowgg = 0

Dy

with @ specified by the input item XLAMD.
The boundary condition at r=0 is always set as reflective.
Initial flux guess control
=—1 read from FI33F001 prepared by the user
=0 unifeorm; no input required
-N read from FTONFOO!l in binary mode as wrriten by ITFLUX

Print control for cross sections

=0 sgkip print
=1 print

Print control for fine flux distribution
=0 skip print

=1 print

=4 write into FT33FC01 by the statement

WRITE(33) (F(i.g).1i=,NNMAX+1 ), g=1,NGMAX)
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where Fi{i.g)

TIPS

8 IDOPT

g NXR

BLOCK 2

1 ITMIN

2 ITMOUT

3 ITBG

4 1CMX

5 ITDM

6 IPT

BLOCK 3

o s 0 W

EPSI

RELC

OVERX

1. Input Data Requirements for SRAC

1

o ({ri A, for slab, cylinder
= ;¢ (r; )N, for sphere
¢{0) for sphere & r=0

=5 action 1 and 4

Print control for the fixed source distribution.

=0 skip print
=1 print

Selection of the diffusion coefficients

=1 use Dy in the macroscopic cross section organization
=2 use Do in the macroscopic cross section organization

Number of X-regions

Integer parameters for the lterative process S8/
Maximum number of inner iterations in thermal neutron
energy range per power iteration. If entered =0, the
values in < > are substituted for the following six
integers.

< 100 > for the fixed source problem
< 10 > for the eigenvalue problem

Maximum number of power iterations < 2b >

Minimum number of inner iteraltions before extrapolation
< b o>

Number of inner iterations for testing over relaxation
factor < 5 >

Minimum delay between extrapolation < 5 >

Control for monitor print < 0O >

=0 skip print
=1 monitor print at each inner iteration

Floating point parameters B/
Convergence criterion for inner iteration.

If entered =0.0 , the values in < > are substituted

for following six fleating numbers < 0.001 >

Convergence criterion for outer iteration < 0001 >
Extrapolation criterion - < 0.001>

Initial over-relaxation factor < 1.2 >

Maximum extrapolation factor < 100. >

45
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6 FACTIOR

BLOCK 4
NK
BLOCK 5

iK

BLOXK 6

IXR

BLOCK 7

BLOCK 8

BLOCK 9
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Under extrapolation factor < 0.8 >

/NRMAX/
Number of mesh intervals by region

/NRMAX/
Material number by region ; the material number is

assigned by the order of the material appears in the
mixture gpecification.

Required even if NXR=0 /NRMAX,/

X-region number by region. Enter all 0. if not necessary

/NRMAX/
Outer radii by region
/17
Transvgrse buckling in em™
Required if IBOUND=2 Yave

Extrapolation distance in cm
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II.7 CITATION : Multi Dimenszional Diffusion

The input for the CITATION routine Lkeeps the original input
format? so that the same input data except the leading BLOCKs and
final two BLOCKs can be used in separate execution of the original
CITATION code, ‘

Several additional functions are available as seen in the leading
input  specification such as the perturbation calculation, the
application of anisotropic diffusion coefficients, the material
dependent fission neutron spectrum, and the calculations of the
generation time and the effective delayed neutron fraction.

BLOCK 1 Control integers, always required /37

NM + Number of materials used in this routine {(i.e., count
the materials read in Section 008).
Negative value activates the entry of the perturbation
calculation {(see VI.G).

NXR Number of X-regions used for cross section edit, punch O
if it 1s not required.

1D Option to select diffusion coefficlient
=+ 1 select DI in the SRAC macroscopic format through the
CITATION routine
==+ 2 select D2
=+ 3 select DI or D2 for the particular direction
specified by the following BLOCK 3 by mixture.

Negative value activates the entry for the calculations of
the material dependent fission neutron spectrum and/or the
effective delayed neutron fraction.

BLOCK 2 Additional control integers required if ID < O S
IXKI Option to prepare the material dependent fission neutron
spectrum.

-0 Unigque spectrum is used ( the spectrum of the fissile
mixture which  appears first in the material
specification will be used).

=1 Spectrum by mixture will be used.

IDELAY Option to write delayed neutron data into MACRO file for
the succeeding effective generation time calculation.
=0 Skip
=1 Write
Note: Do not forget to specify non-zero value to NGC12 in

Section 001 to activate the adjoint flux calculation.

BLOCK 3 /NM/
Selection of directional diffusicn coefficients by
mixture, required if ABS(ID =3

IXY7Zm,m=1,NM

47
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IXY7. D Dy Dz
= D1 D1 Dt
=2 | D1 D1
= D1 D2 D1
=4 D22 D2 D1
=bH Di D1 D2
= D2 D1 D2
=7 D1 De D2
=8 D2 De D2

Note:

BLOCK 4

Note:

ICASE

BLOCK 5

SAMPLE (A8)

I0PT

Note:

The correspondence of Dx,Dy,Dz to the real direction will
be mentioned in the item for the geometry selection NUACH
in the CARD 2 in Section 003.

The diffusion coefficients used for the transverse leakage
term together with the buckling values entered in Section
024 are taken from Dz,

Required 1f NM < O S/
Control for perturbation calculation

Do not forget to specify non-zero value to NGC1Z in
Section 00! to activate the adjoint flux calculation,

Number of cases for perturbation calculation after a
CITATION calculation. Repeat BLOCK 5 through BLOCK 8 ICASE
times.

JAB.2.1/
Member name of the macroscopic cross section to be used
in the perturbed region., Deviation of cross sections from

those unperturbed is automatically calculated.

Option to specify the perturbed region

=N Whole region of N-th zone
= 1 Region is specified by Lhe mesh intervals given
in BLOCK 6.

- 2 Region is specified by the X-Y-Z abscisa
given in BLOCK 7.

Selection of the diffusion coefficients of the member

SAMPLE

= use DI ( Dx=Dy=Dz=D1 )
=2 use D2  Dx- Dy Dz=D2
=3 Dwx-D2. Dy=Dl1, Dz=D1

=4 Dx=D1, Dy= D2 Dz=D1

=5 Dx-D2., Dy=[x, D=z=Dl

=6 Dx=D1, Dy=D1, Dz=D2

=7 Dx=D2, Dy=D1, Dz=DZ

=8 Dx-Dl, Dy=D2, Dz=D2

The correspondence between each of Dx,Dy,Dz and the
direction of geometry will be mentioned in the item for
the geometry selection NUACH in the CARD 2 in Section 003.
The coefficient for the pseudo leakage term uses always
Dz .
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BKLE Buckling value for the perturbed region
. >=0. Constant buckling
< 0. floating number of groups. Group dependent buckling
values will be read by BLOCK 8,

BLOCK & Required 1f IOPT=1 ¢ /6/

Region specification by mesh intervals
IXYZ(1,1) X-mesh interval number of the right boundary
IXYZ{2,1) X-mesh interval number of the lefy boundary
IXYZ(1,2) Y-mesh interval number of the upper boundary
IXYZ (2,23 Y mesh interval number of the lower boundary
IXYZ(1,3) Z-mesh interval number of the top boundary
IXYZ (2,1 Zmesh interval number of the bottom boundary

Note: Even one- or two-dimensional calculation requires 6
entries, feed zero values if not significant.
The direction X Y 7 to the different geometries are
menticned in the description for NUACH in CARD 2 in
Section 003.

BLOCK 7 Required if IOPT=2 6/

Region specification by X-Y-Z abscisa.
XYZ(1,1) X-abscisa of the right boundary
Y722, 1) X-abscisa of the lefy boundary
XYz7.(1.,2) Y-abscisa of the upper boundary
XYZ (2,27 Y-abscisa of the lower boundary
XYZ(1,37 Z-abscisa of the top boundary
XY7Zi2,1) Z-abscisa of the bottom boundary

Note: A mixed node of spacification is available. If any abscisa
coincides with the abscisa of the original mesh point,
enter negative floating number of the mesh interval
number . It is to avoid the truncation error to compare two
almost equal floating numbers.

BLOCK 8 Required if BKLE < 0. /BKLE/
BKLE Group dependent buckling values,

Following data starting at Title cards, Section 001, 003,,,.through
Section 999, and a blank card have the same organization as the
original CITATION.

Title Card SAT2 AT/
Each individual case has two title cards at the beginning.

Section 001 General Control
st b st e shesfe s s o s ofe o o e st ok ook sk o ok sk ok ook

CARD t: 001
CARD 72: Control Options (2413
NGC1 Depletion option (suppressed) Enter O

NGC2 Restart option: to exercise a restart, a complete set of
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NGC3

NGC4
NGCH

NGC6

NGC'7

NGC8

NGCO

NGC10

NGC11

NGC12

NGC13

NGC14

NGC15

NGC16

Revised SRAC Code System JAERI 1302

data must be supplied for the Section 001. Options
available are exercised with the following input values;
when .NE.Q, a restart disk properly written from earlier
machine run must be prepared (sec NGC3 below and check
control card requirement ):

=0 no restart.

=-1 continue a previous case.

>0 restart a depletion calculation (suppressed)

Option to write data on logical device 13 to permit
restart. Exercised if >0

Save macroscople cross sections {suppressed)

Option to write neutron flux map on 1/0 logical device 9
if > Q.

Option to write power densily map on I/0 logical device 32
it > 0.

Option to write point neutron source (space-energy) on
logical device 17 (see GLIM 5 on CARD 5 of 001)

Type of eigenvalue problem {internally set to either of
following types depending on the step where the routine
called)

=-5 Fixed source

-0 Effective multiplication factor calculation

Search option {suppressed)

Adjoint indicator. Enter =1 if an adjoint flux calculation
is required. If a negative value is entered, the adjoint
flux will be printed out.

Option to input the adjoint flux. Enter =1 if the adjoint
fluxes are read from FIZ28., Enter =- if both of the
forward and adjoint are read from FTZ8. In this case, all
input data is required as if the fluxes are newly
calculated.

Termination option (applied only to the flux iteration

calculation

=0 Terminate calculation and proceed as if . converged if
machine time or iteration count is exceeded (see
card 3 and card 4 below).

=1 If limits are exceeded, terminate calculation and
proceed as if converged only if the iterative process
is converging

=2 If limits are exceeded, terminate calculation
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NGC17 -
NGC18 Residue calculation option
If = 0, values of the multiplication factor and the
relative macroscopic absorption cross section, each of
which minimizes the sum of squares of the résidues of the
point neutron balance equations, are obtained after
termination of each eigenvalue problem.
If < 0, this calculation is not done.
NGC19 Macroscoplc cross section option
If > O; only macroscopic cross sections input in section
008 will be used. {(punch ! always, because there 1is no
support for microscopic input in the SRAC)
NGC20 -
NGC21 Coolant flow direction {(suppressed)
NGC22 Calculate and print delayed neutron data (suppressed)
CARD 3: Edit Options (24135
In the description below, the option will exercised 1if the
input number is > 0.
TEDG1 Print iteration data each mesh sweep.
TEDGE Print final nuclide densities (suppressed}
TEDG3 Print macroscopic group-to-group transfer cross secltions
IEDGA Print macroscopic reaction rate cross sections
TEDGD Print gross neutron balance over system by group
IEDGS Print gross neutron balance by zone by group
TEDGY Print gross reaction rates in individual nuclides
{suppressed)
TEDGS Print reaction rates in individual nuclides (suppressed)
TEDGS Print zone average lux values by group (TEDGB=0>
IFDG10 Print point flux values by group
TEDGI11 -
CIEDGIZ2 Print zone average power densities
TEDG13 Print relative power density traverses through peak
IFDG14 Print point power densities
IEDGIS Print point cumulative  heatl deposited 1in coolant

{suppressed )
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TEEGIB Print point neutron densities summed over energy

IEDGTY Nuclide number; print point neutron absorption rates in
this nuclide (suppressed)

TEDG18 -
IEDGIO Print space point maps of damage rates (suppressed)
CARD 4: General iteration count and machine time limits (2413

The first numbers on this card are the iteration count limits for
the various loop calculations. Problems are terminated when the
iteration count reaches the limit and the calculation proceeds as per
NGCIS (see CARDZ2 ). For a statics problem {(no depletion or dynamics )
only ITMX!, ITMX12, and ITMX21 are applied.

ITMX1 Any initial eigenvalue problem (statics problem or
initialization} <200>

ITMXZ All other eigenvalue problems <100>

ITMX3 Any time step depletion loop calculation (suppressed)
ITMX4 Any repeat time step loop (suppressed)

ITMXD Any répeat cycle loop (suppressed)

ITMXG -
ITMXY -
ITMX8 -
ITMXS -
ITMX10 -
ITMX11 -
I™MX12 -
ITMX13 -
ITMX14 -
ITMX15 -
ITMX16 -
ITMX1'7 -
ITMX18 -

These numbers are the machine time limits (min) for the various
loop calculations and also total computer time limit; generally
calculations continuce if time is exceeded as 1f convergence criteria
had been satisfied.

ITMX19 Initial eigenvalue problem <60>
TTMX20 All other eigenvalue problem <30
ITMXZ1 Any reactivity loop (suppressed}
ITMXZ2 Any repcat time step loop (suppressed;

ITMXZ3 Any repeat cycle loop (suppressed;
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ITMXZ4 Total machine time <120>

RBuilt-in numbers are shown in < >; these are replaced by zero
input data.

CARD 5: General restraints : {BE12.5)

Any calculation will be terminated if the following restraints
are not met, excluding GLIMb.

GLIM1 Maximum multiplication factor <1.%-

GLIMZ2 Minamus m&ltiplication factor <0.b>

GLIM3 Maximum search nuclide density (suppressed)

GLIM4 -

GLIMb Factor applied to neutron productions for generating a

fixed source file, see NGC8 <1.0>

GLIMG Multiplication factor to be satisfied if a search 1is to
made {suppressed)

Section 003: Description of the neutron flux problem
st o st o o e sk e ok o o b o sk e oo sk ok o sk s s e s st e ok e ke sof e ok

CARD 1: 003

CARD 2: GQGeneral description (2413

NUAC! Type of flux approximation
=0 Finite-difference diffusion theory
:1 —_
=2 _
:3 —
=4 -
NUAC2 Initialization of the flux for the first problem,

applicable only for a restart calculation, NGCZ.NE.O

=0 use avallable flux, multiplication factor and
acceleration parameters from the previous problem

-1 use only flux from a previous calculation

=2 use built-in initialization procedure. For continuation
of a statics problem (NGC2 < 0, this number should be

0

NUAC3 -

NUAC4 -

NUACS Geometry option

Dx Dy Dz

=1 One-dimensional slab (X X Tk
=2 One-dimensional cylinder (R} R T
=3 One-dimensional sphere (S) R T
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-4 -

=hH

-6 Two-dimensional slab (XY}

-7 Two dimensional cylinder (R.Z)
-8 Two-dimensional circle (0.R)
=9 Two dimensional hexagonal (H)
=10 Two dimensicnal triangular (T)
=11 Three dimensicnal slab X.Y.7Z)
=12 Three-dimensional cylinder (O6.R,Z) O
=13 Three dimensional hexagonal (H.Z)= X
—14 Three-dimensional triangular (T.7) X

b e @ T B
< T e e T N
NN NN =

Note #* Hexamonal cylinder has another boundary surface than X.Y,
the leakege from this surface 1s calculated by Dx, and
counted in the right and left leakage.

#oofe Synibol T denotes that the transverse leakage term DR are
calculated by Dz multiplied by the  buckling value
specified in Section 024,

NUACE -
NUACY -
NUACS Indicator of two-dimensional diagonal symmetry {(on plates
if 3-D3:; if > 0, there 1s symmelry about the diagonal
starting at the upper lefthand corner and there are the
same number of rows and columns: if < 0, there is inverted
diagonal symmctry. Set to 0 if NUACIt= -1
NUACS Tndicator of two-dimensional symmetry along column slices
for 3-D problems only, see option above
NUAC1O -
NUAC T LeflL boundary condition (always required;
=—1 periodic { implemented for geometries given by NUACH
= 1, 6. 8, 11 and 12, left to right boundary closure
only

= {0 extrapolated

~ 1 reflected

NUACIZ Top boundary condition (required for 2-D;
= 0 extrapolated
= 1 reflected

NUACI3 Right boundary condition (always required, set to -1 1f

NUACIT is -1

= 0 extrapolated

1 reflective

- 2 90 degrec rotational symmetry (right to bottom
slabs;
60 degrec rotational symmebry {triangular)

- 3 inverted reflection (180 degree rotational symmelry,
slab only:
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NUAC14

NUAC15

NUACIO

NUACTT

NUACIS

NUACIQ

NUACZ20

NUACZ21
NUACZ2

NUACZ3

NUACZ4
CARD 3:

EPSI

EPSIZ2

EPSI3

EP514

II. Input Data Requirements for SRAC

Bottom boundary condition (required for 2-D)

= 0 extrapolated
= 1 reflected

Front boundary condition {required for 3-D3

= 0 extrapolated
= 1 reflected

Back boundary condition {required for 3D
= 0 extrapolated
= 1 reflected

Nuinker of zone to be an internal black absorber and to
have the non-return boundary condition applied at its
edges { see XMIS? CARD 4; this zons will be black to all
groups unless additional data are supplied)

Option to allow negative neutron flux if > O

Qverride use of Chebychev polynomials in adjusting the
parameters 1f > 0
;

Line relax only on rows 1f > 0, if -1, force -alternating
direction line vrelaxation on rows and colunns, and also
fore and aft for 3-D. if -2, use only on rows and columns.
When left unspecified, the code selects line relaxation on
rovs only with one inner iteration for all problems
involving upscattering. otherwise three imner iterations
for 3D problems without I/0 and five with data 170 during
iteration, and alternating direction line relaxation for
all 2-D problems.

Maximur extrapolation

Specified number of inner iterations normally not
specifiled {(see NUACZ0 above)

Iteration convergence criteria BRE12.5)

Maximum relative flux change for the last 1teration of
each initialization eigenvalus problem <0.0001:>

Maximuz relative change in the eigenvalue for the last
iteration of eigenvalue problems. This applies to the
multiplication factor calculation, and the direct buckling
or 1/v search parameter. <0.00001>

Replaces EPSI1 feor all eigenvalue problems exceptl those
for initialization or station calculations. <0.0001>
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FPSTS -

EPSI6 -

CARD 4: Miscellaneous data ' BEIZ2.5}

XMIS] Fxternal extrapolated boundary constant (-D/p+dp/dx)

> 0 specifies the constant for all extrapolated boundaries
(see NUAC11-16) for all groups

< 0 this is the total number of energy groups (negative)
and other cards are to follow this card which give the
extrapolated boundary constants for problem boundaries
beginning with those for all energies for the left
boundary (BE!{2.5); thus data is required for only the
left and right boundaries for 1-D problems, four
boundaries for 2-D, and for six boundaries for 3-D
problems. For the periodic boundary condition, NUACT]
=—1, skip the left and right boundaries.

= 0 the code will use the built-in value for all
extrapolated boundaries <0.4692>

XMLS2 Interna! black absorber boundary constant {-D/g+dp/dx)

> 0 the constant for all groups applying to zone NUAC1Y

< 0 this is the total number of groups {(negative) and
another card{s) is to follow, after any required
above , which gives the internal black absorber
boundary constants for each energy group BE12.5). Any
zero values indicate that the rod condition 1s not to
apply to that group.

= 0 the code will use the built-in value for all groups
and the absorber will be black over all energy
<0 . 469>

AMIS3 Core power level, MWth; if macroscopic cross sections have
been specified but not watts/fission data (see Section
008 j, this is to be the total neutron production rate
(n/sec) . Normally this number must be specified and
attention should be given to achieve the desired useful
power
level using the supplied fission cross sections which may
be artifitial so as to include the (n.2n) reaction.

XMIS4 Conversion factor., ratio of thermal energy to fission
encrgy (XMIS3 is divided by this, normally < 1.0 <1.0> )

AMISH Fraction of the core considered; the mass balances are
divided by this number and XMIS3 is multiplied by this
number <1.0>

XMISH Initial overrelaxation factor, normally calculated by the
code and not specified here <0.0-

Section 004 Geometric mesh description
sk e s e o oo s e T s s ah o ok o ok s o o e o s s oo s o ol o o o B

For any succeeding case, 1f the number of regions is changed this
section must be followed by data for section 005; further, any required
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overlay must be included, section 006G.
CARD 1: 004
CARD 2: BI3,E3.0);

Specify the number of mesh points and the region width for each
vertical region going from left to right. For a two-domensional problem
also specify the number of mesh points and the region width for each
horizontal region going from the top to bettom starting with a new
card . For a three dimensional problem also specify the number of mesh
points and the region width for each region going from front to back.
In referring to the geometric mesh, rows of mesh points go from top to
bottom., column of mesh points go from left to right, and planes of mesh
points go from front to back. In R and R-7 geometry. a row ig a radial
traverse. 1n 0-R and 0-R-7Z geometries. columns radiate downward from a
center at the top and a row has constant radius. In hexagonal and
triagonal geometries the X and Y are assumed to be at 60 degree { upper
left-hand corner ), and dimensions are on external boundaries; these
treatments are precise only 1if points on any plane have equal
finite-difference volumes. Data must be ended for each traverse by a
blank entry; 1f the last card of data is filled for any traverse,
another card i1s required (blank}.

Section Q05: Zone placement
st sk o e ok stk oo ke ook ol ofok o

CARD 1: Q0%

CARD 2: (24139
Specify the zone identification numbers (i.e., location of uniform
compositiont of each vertical region for the first horizontal row of
regions going from left to right. Beginning with a new card, specify
the zone numbers of each vertical region in the second horizontal row
of regions. Centinue these specifications going from top to bottom.
For a one dimensional problem the zone numbers are specified for only
horizontal regions. For a three-dimensional problem, give the two-
dimensional grid for each block of mesh-point planes going from front
to back. The cross section set later to be associated with the zone
nunbered 1 will be used as a reference, so zone 1 might be located
within a core rather than in a blanket or reflector. Also it will prove
convenient to number consecutively zones which will contain the same
material.

Section 005: Mesh overlay
P I ER T TR L SRR SRUIRSE TR R e i e O R

New zones may be superimposed within a mesh described with this
data.

"CARD 1: 006G
CARD 2: (143

Specify a zone mumber. Data is read until zero zone number
encountered.

CARD 3+ (3B14 ;)
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Specify blocks of points by left column number and then right
column number to give limits along rows, top and bottom row numbers for
column limits, and front and back plane numbers for depth limits in
that order. If only one row is involved, for example. then that row 1is
repeated. Only 4 entries are needed for each specification in 2-D
geometry, Data is read until zero value is encountered on the first
column number. The entry 000800060005001500020002° places the new
material along column 6 from row 5 through 15 and on plane 2 only.
Remember that each mesh point has an associated volume around it - mesh
points do not lie on material interfaces; specifying a single mesh
point here, say '000600060005000500020002° does involve an assoclated
volume. -

Section C08:. Macroscoplc cross sections
st sfofe st ookt kst et et fete i et ot ot ot etk Ak ok

Macroscopic cross sections are supplied from an 1/0 device (logical
31) where the form of the data is identical with that of this inpul
section in EBCDIC): CARD 1 is required and then CARD 2 containing a
negative integer in columns 1-3, which complete the data for this
section. We shall complete to describe this section to explain the
contents of the 10 device 31.

CARD 1: 008 )

CARD 2: Number of groups and scattering range (313)
KMAX Numbef of energy groups

TX28 Number of groups for downscatter

IXZ29 Number of groups for upscatter

CARD 3: Cross sections (216,BE12.5)
M A zone number

K A group number

SIGY Diffusion coefficient

SIG3 Absorption cross section

S1G4 Production cross section (v+Lj)

S1Gh 1/v (1/+/F ) cross section for primary mode calculation
SIGS Power per unit flux, watts/fission times I, for

normalization of the flux level and power density maps,; 1if
all entries here are zero, then SIGA is used. Values of Iy
is filled by the SRAC to complete data for normalization
to total fissions.

CARD 4: Scattering cross sections {BE1Z2.H)

Specify the cross section for scatter from group K (above) to each
of the other groups 1 to KMAX.



JAERI 1302 1. Input Data Requirements for SRAC

The code continues reading CARD 3 and CARD 4 until a zero M is
found (blank card}.

CARD 5: Fission source distribution function BE12.9

Specify the fraction of fission neutrons that are born in groups 1
to KMAX

Section 024 Buckling specification
Sk sk st b e e ok St b st o e s et s o of e e of o e ke R

CARD 1: 0Qz4
CARD 2: Indicetor and buckling value (I3.F9.0)

If IND = 1. specify a constant buckling in columns 4-12 (E9.0) on
this card and no additional data is required.

If IND = 2, specify values of group dependent buckling starting
with CARD 4. In this case the KMAX value in Section 008 must be proper

If IND = 3, specify two zone numbers on CARD 3 followed by the
group depending buckling on CARD 4 which will apply to the set of
consecutive zones specified on CARD 3. Continue with CARD 3 and CARD 4
for as many zones as required. A blank card {(zero zone number ) must be
used to end this data.

CARD 3: Zone indicators: required if IND=3 (213
CARD 4: Group dependent bucklings, required if IND-2,3 (BE12.5)

Section 099: Termination of 1nput
g ke s s sb o e ok s sk g ok skl ok e ek sk gt ok

Termination of each case is done with a card containing 998 1in
columne 1-3. In case of separate executlon of the original CITATION,
cases may be stacked one behind the other with succeeding ones using
data provided in previous ones. A normal exit may be affected by
locating one blank card after the 909 card. The CITATION routine
compiled in SRAC allows only one case.

CARD 1: 999
CARD 2: {blank}

For the use of the CITATION in the SRAC, succeeding two BLOCKs are
required to complete the input of Sect.IL.7¥

BLOCK 9 Material number specification /NM/

This item is to select and to number the materials used 1n the
CITATION routine from the materials listed in the mixture specification
in Sect. I1.8.

MAT (M) M=1,NM
Position of material M (zone number in Seclion 003) in the
mixture specification in Sect.l1.8
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BLOCK 10 X-region specification, required if NXR-0 J1ZN/

This item is to edit the averaged few group cross secllons using
the neutron fluxes of the case where the multi-group problem is solved.

NXREG(I;,1=1.1ZN
X-region number by region ; IZN is the product of number of
horizontal regions. that of vertical regions and that of
planes for 3 D case.

ks ok o sk ot e b sk ook g f b s e skt o b skt sttt oot skofe e st st b otk koR bbb ook otk
When the CITATION format macroscopic cross sections are required
by IC14 in Block 3 in Sect.IT.{., the Block 1 (NM,NXR,ID) and the Block
for Material number specification (MAT(M),1,MM) are read in this step.

I1.8 Material Specificaltion
BLOCK 1 ava

NMAT Signed number of materials to be used. Here "material”
includes several kinds of mixtures:

17 A mixture with composition to which Macroscoplc Cross
sectiong will be formad in the case;

2) A mixture without composition to which maCroscopic Ccross
sections were formed in the previous case and are kept in
MACROWRK file;

33 A mixture with composition to which Macroscoplc Cross
sections were formed in the previous case and are kept in
MACROWRK file; The macroscopic cross' sections will not be
further formed but the mixture forms a cell to which
resonance integral by IRA or PEFACO will be calculated
together with a new resonant mixture. The composition can
not include any resonant nuclide.

4: A homogenized mixture with a CASEMAME  label to which
macroscopic cross sections were formed 1n  the previous
case;

53 A homogenized mixture with the CASENAME label of this case
to which macroscopic cross sections are formed 1in this
case. and will be used in the later step in this case.
Note that it is not necessary to specify the homogenized
mixtures which are made in this case but will nol be used
in the later step in the case.

6) A fictitious mixture with composition to be used only for
reaction rate calculation.

7y A fictitious mixture without composition to be used only
for reaction rate calculation.

Note: If a negative number is specified, the atomic number
densities at the final burn-up step will be stored on FTO7
so as to be used in the material specification in a
restart run for the succeeding burn-up step. Moreover an
automatic restart is prepared by checking whether the next
cell burn-up steps will terminate within the specified cpu
and 10 limit. This function is effective only if 1C20
{cell burn-up indicator) =1.
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BLOCK 2

MINAME

mimmm - tag

e-tag

b-tag

x-tLag

p-tag

NCOM

NIS0

11. Input Data Requirements for SRAC

/A8,2,3/

Material identification expressed by eight characters,
composed of five tags as mmmmebxp which appears as MEMBER
name in macroscopic cross section files.

Effective mixture identification: any alphabetic character
for the first and any alphameric character for the
remaining three columns 18 accepted. For a set of X-region
averaged cross secltions CASENAME (4H) is assigned to this
tag.

Tag 1internally specified to choose the neutron energy
range of a set of macroscopic cross sections, because the
sets for fast and thermal energy range are separately
composed and lately concatenated into the set for whole
energy range. The code 'F° for fast, 'T  for thermal, "A’
for whole energy range is assigned. respectively. The user
can realize in the member list of MACROWRK file.

Tag to indicate burn-up step as o, 1y 2t o
,’9 and AT, BT, ... corresponding to fresh, step 1, step
o, step 9, and step 10, step 11, ... respectively, when

the cell burn-up calculation is done to make up this
mixture. Othervise this tag is filled by the character
given in the inpub.

Tag to specify X-region number which is composed at the
MIXX step for a set of homogenized cross sections. For a
sel of mixture cross seclions composed in MACROF or 1n
MACROT routine , this tag 1s filled by the seven-th
character of the mixture name. In the latler case, this
tag is used to discriminate the effective microscopic
cross sections stored in the MICREF Tile when a resonant
nuclide is commonly used in mere than one mixture.

Tag internally used to specify Legendre component and also
vhether fine or coarse in energy structure. Any character
given in the input 1s replaced by the tag.

coarse and isotropic

fine and isotropic (after trapmsport correction;
fine and P1 component

fine and PO component

|
=GN

Number of comment words: storage 1n MACROWERK file 1is not
yet prepared @ fill O for the present version.

Number of nuclides to compose the mixture. If specified -0
the program asstmes thal the mixture exists already 1n
MACROWEK file or will be created in the MIXX step.
Contrary if the composition 1s specified to the already
existing mixture, the formation of macroscopic Cross
sections is skipped. When the TRA or the PEACO routine 1s
used. give the composition for all constituent mixtures

in the cell to evaluate the resonance absorption even if
they are already made up.
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Physical temperature of the mixture {degree K). Although
any temperature can be accepted for the interpolation of
f-table, the data on THERMAL and MCROSS are tabulated on
the fixed temperature points. The program replaces it by
the nearest value 1in the tabulated temperature (See
Dictionary VII.6). Actually this temperature is effective
in calculating rescnance ahsorption. Confining the
calculation in the energy range higher than thermal
cut-off, this temperature tabulation can be replaced by
that given in II.2. Since the temperature in thermal
energy range is specified by the temperature tag of each
nuclide IDENT given in BLOCK 4 or BLOCK 4°. The thermal
library must be prepared to correspond to the new
temperature tabulation.

{ . the mean chord length of the resonance absorber lump
used in the interpolation of resonance shielding factor in
MACROF, MACROT and IRA routines, and also used in PFACO
for the constant to yield a non-dimensional blackness for
the interpolations of the collision probabilities. Give a
suitable value to the mixture including resonant nuclides.

Generally ! is defined as

=4 Y (in e
= 5 {in cm)
where V is the volume of the mixture, S is the surface

area.
For a one dimensional slab of thickness «

1 = 2o

For a one dimensional sphere of radius «
I = 4u/3

For a one dimensional eylinder of radius a
I = 2a

For a hollov cylinder of inner radius a and outerradius b

1= oh — (9%

For more complicated geometry vwhich contains several
absorber lumps in a unit cell, enter the mean chord length
of a dominant absorber, for example . to BWR lattice that
of a pin rod.

C ; the Dancoff  correction factor used for the
heterogeneous effect of the background cross section 1n
the interpolation of resonance shielding factor

( effective only if IC3=0 in BLOCK 3 of Sect.Il.1 18
specified; enter 1.0 for the homogeneous approximaticn )
If C<0 is entered. BLOCK 4~ will be read instead of BLOCK
4, which includes nuclide-dependent Dancoff factor.

Remind that ! and C is used 1in a conventional
table-loock-up for the heterogeneous effect to the
background cross section o in the following form; (See
Eq.(VI.3.3-20))
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BLOCK 3

BLOCK 4

IDENT

X-tag

zz—tag

m-tag

c-tag

b-tag

i-tag

t-tag

I1. Tnput Data Requirements for SRAC 63

op = 2 N 0w /Ny +9(Cy-C)/ 1N,
@' =p
where g(C) is a geomelric correction factor defined by
Eq. (V1.3.2-8) to the simple NR approximation. j denoles
the resonant nuclide under cosideration and i any nuclide
admixed in the material.

Required if NCOM > O / (NCOM A4,/
Comment for the mixture (storage 1s obsolete)
Required if NISO > O NISO times /A8.2,1/

Nuclide identification expressed by eight characters
composed by five tags 'Xzzmebit' as already appeared 1n
Sect.I11.2.

Tag used internally to specify physical quantities, then
any character 1s accepted in the input.

Chemical symbol of the nuclide (see Dictionary VII.1).

For a nuclide denoted by one character such as H for
hydrogen , the character "0’ is added to complete the tag
as 'HO™.

The last digit of the mass number 1is used to discriminate
the isotopes as "9 for PU-Z39. ‘N’ is used Lo specify

the element with natural abundance. A few exceptional
cases occur to discriminate the excited states of some
fission produced isotopes as PM-148-G and PM-148-M where
the special characters are used. All available
combinations of zzmc are listed in Dicticonary VII.3

Chemical compound status tag to select the proper thermal
scattering law (see Dictionary VIT.2). If the next 1item
IRES is specified to 1, this tag is internally set to 'F’
or 'T' to select "fast™ or "thermal = data because the
whole setgs of effective cross sections are stored in
MICREF file. If no effective cross section 1is found 1n
MICREF file. 1infinite dilution cross gections will be
taken from FASTU or THERMALU file.

Punch 'O’ to search the cross sections stored 1in “Users’
libraries. To specify the data in MICREF file with IRES=1,
punch the sixth character of the mixture name with which
these effective cross sections are associated. Remind that
the sixth character is used for burn-up indicator.

Punch "O' to search the cross seclions stored in “Users’
libraries. Otherwise, punch the seventh character of the
mixture name to which the effective microscopic cross
sections are produced. The latter search in MICREF file
will be activated by setting 1 for the next item IRES.

Temperature indicator effective to the thermal library
(see Dictionaries VIL.3 and YI1.G;
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Note: The discrepancy of the mixture temperature specified by
TEMP in the previous BLOCK and the temperature indicated
by t-tag is accepted with some warning message:! the former
is used for the rescnance shielding calculations, the
latter is used to choose the thermal neutron data.

IRES Rescnance process indicator. This item is closely related
with the resonance indicators stored in the library; IFS
of F-table, IRP of resonance level parameters for IRA and
PEACO.

Note: When the cell burn-up process is specified, this indicator
to the depleting nuclide is replaced by the value stored
in the burn-up library, and thal to the non-depleting
nuclide is set to IRES=0 at the BURNIN routineisee VII . G).

=0 HNo process for resgnance treatment even if IRP=1, however,
to the resonant nuclide which 1s specified by 1F3S-1, the
table look-up will be done at the MACRCF routine.

=1 Effective cross sections which have been calculated in the
previcus case will be read from MICRELY file as 1f this
nuclide is non-resonant.

=2 Treatment as a resonant nuclide. No process for
non-resbonant nuclide is taken.

=3 Effective only in the PEACO routine and if this nuclide is
a constituent of non-resonant mixture. The Pij tabulation
will be made by each fine group considering the change of
cross section of this nuclide by group.

-4 Fffective only in the PEACO rouline and if this nuclide 1s
a constituent of non-resonant mixture, two-dimensional Pi]
tabulation will be made assuming the behavior of cross
section of this nuclide as 1/v.

Note: Unless IRES=3 or IRES=4 is given to the nuclides of
non-resonant mixture, the Pij tabulation will be made
considering the variation of cross sections of resonant
mixture but assuming the value of the highest energy group
is constant through the resonance 11 range.

IXMICR Indicator to write the effeclive cross sections 1nto the
effective microscoplc cross section file MICREF and/or the
resonance cross secltion file MCROSS.

=0 No edit. IF IC5-2 is entered, and IFS-1 1is specified on
FASTU. and this nuclide is a constituent of the mixture in
the cell, the effective cross sections in stead of dilute
cross sections will be written to be used 1in PEACO
routine., as if IXMICR-1 is entered.

=] Wrile the effective group cross sections into the MICREF
file in the same format of the uger fast and thermal
libraries if the nuclide has any resonant property in the
corresponding energy range. I1f the cell burn-up routine 1is
activated, this item i1s automatically set to 1 for all
possible depleting nuclides so that the effective fission
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and absorption cross sections are written on FIo?2 for the
burn-up calculation. The effective cross seclions are
written in MICRFEF file even if IXMICR=0 is entered for the
nuclide who has resonant property but ultra-fine group
cross sections are not prepared in MCROSS file, if IC5=2
is chosen. .

-2 Write the microscopic cross sections averaged 1in the
mixture into MCROSS file (if ICh=2 ). In this case a
private MCROSS file must be prepared to allow the write
option. This option may be utilized for the output of
primary step in the treatment of double helerogeneity.

=3 both of functions 1 & 2.

Note: When the cell burn-up process is specified, this indicator,

if this nuclide is depleting, 1is replaced by the value
stored in the burn up library. for non- depleting nuclide
IXMICR-0. is set at the BURNIN routine (see VII.6}.
The IDENT (nuclide identification) of effective microscopic
cross sections is formed as same as the TDENT of this
nuclide except cbi-tag (three characters). ‘¢’ tag 1s
replaced by 'F" or 'T" to stand for the energy range, and
the 'bi’ tag is taken from the mixture name which contains
the nuclide. If the cell burn-up calculation is executed,
the b-tag in sixth character is overridden by the burn-up
step indicator. When a common nuclide is a constituent of
two mixtures used in a case or in succeeding cases, the
member name must not be identical to be distimguished.

DN Nuclide density (10mcwf3)
BLOCK 4° Required if DC on BLOCK 2 < O., NISO+/AB.2.2/
instead of BLOCK 4

IDENT same as 1n BLOCK 4

TRES same as in BLOCK4

TXMICR same as in BLOCK 4.

DN same as in BLOCK 4.

DCN Dancoff correction factor of this nuclide. Effective if

IC3=0 in Block 3 of Sect.IT. 1.

Repeat BLOCK 2 through BLOCK 4 or BLOCK 4° NMAT times

I1.9 Reaction Rate Calculation

A common edit can be executed after any component routine for flux
distribution. The edit routine REFACT permits the calculation of
reaction (capture. fission) rate distribution of the delector with or
without the filter. The reaction rates are calculated as follows;: For
the detector without filter
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R(r) = Y, Ty . &1 (I71.9-1)
g
For the detector with filter
Ry =) fo Yag . O(r) (I7.9-2)
4q
This edit also permit the calculation of the spectrum indice such

as pog O 62 and C°..They are defined as follows;

The resonance caphbure ratio!

P = f; o2 I NP () E /j; " (W (J1.9-3)
The epithermal fission ratio:

&7 = fE :o%f’ (E)Nésnp{E}dE fo E“U?S (N (FdE (I1.9-4>
The fast fission ratio:

6% = f: OF (BN (el /j: 0P (BN (I1.9-5)

The capture ratio:
¢ = fo 02" (BN (F)dE / fo 07 (EWNZ @ (E)dE (I11.9-86)
where F.; is the Cadmium cut off energy. and the superscripts ; 2o and
28 denotes the nuclides 235 and 239y, respectively. According to the
input specification, any other combination of " the nuclides can be

accepted.

The epi-cadmium reactions are calculated as;

Repi = 2 fo O i;uz & (r) . N (11.9-7)
g R

The sub-cadmium reactions are calculated as:

Rin = 9. (1 — £u) Omg i] B, (r) . Num (IT.9-8)
g xd

In the above equations, 6., denotes the effective microscopic cCross
section of the nuclide p included in the mixture w of the energy group
g, ¢ig the flux of ith spatial region compesed of the mixture m, @
the average flux of x-th X region in the cell calculation, and &, (r) 18
the flux at r in the core calculation,

This routine is applicable for both of the routines called by IC2
and TC12 specified in BLOCK 3 of II.1. If both problems are executed in
a case, the edit is called after the routine called by ICI1Z.

The cross sections required in this step have to be prepared before
entering this routine ( macroscopic in MACRO or MACROWRK for reaction
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rate calculation, and microscopic in MICREF for spectrum index). For

the latter

purpose, IXMICR=1 in 11.8 must be specified to store the

effective microscopic cross sections in the MICREF file.

Following input data are required if IC18 > 0 in Sect . II.1.

BLOCK 1
IOPT (1)
I0PT (2
10PT (3)

MREC

BLOCK 2.1

MINAME

TREAC

NMESH
BLOCK 2.2

MESH(1.n)

Note:

Control integers for reaction rate calculation /47
Number of detectors used without filter.

Number of detecters used with filter.

Number o%-cases to calculate the spectrum index.

Signed number of mixtures which contain the nuclides with
IXMICR =1. Care should be taken in depletion problem
where IXMICR is automatically assigned and this edit
works after the final burn-up step.

Negative number activates a spatial integration of the
reaction of fictitious materials specified by BLOCK 5 to
obtain the convertion ratio of the whole core.

Control for the detectors without filter, required 1if
I0PT {1 )>0. /A8.2,0/

Member name of the detector cross sections stored 1n
MACROWRK or MACRO file.

Specification of reaction
=0 fission

=1 capture

=2 fission and capture

Number of mesh intervals to calculate the reaction rates.
Spatial position by mesh number /3+NMESH,

i=1,3, n=1,NM:SH

i=1 corresponds to X-direction, 1=2 o Y-direction, 1=3
to Z-direction. In one- or two-dimensional case, enlter
zero values into irrelevant data.

If the output of the collision probability method 1s
processed, specify R-region number as if one-dimensional
calculation.

Repeat BLOCK 2.1 through BLOCK 2.2 I0PT{1: times.

BLOCK 3.1

MINAME

IREAC

Control for detectors with filter, required if 10°T 2>
JAB,2.0/

Member name of the deteclor cross sections stored 1in
MACROWRK or MACRO file.

Specification of reaction
=0 fissiocn

=1 capture

=2 fission and capture
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NMESH Number of mesh intervals to calculate the reaction rates.
BLOCK 3.2 Specification of mesh intervals. /34NMESH,/

MESH{1,n) i=1,3, n=1,NMSH
i=1 corresponds to X-direction, i=2 to Y-direction, 1=3
to Z-direction. In one- or two-dimensional case, enter
zero values into irrelevant data.

BLOCK 3.3 Filter transmission by energy group /IGMAX/

FGez, g=1,10GMAX X

Transmission has to range between 0.0 and 1.0. If the
exact values are required around the cut off energy,
obtain the collision probabilities for an isolated cell
composed of a detector covered by a filter. Calculate Gi
defined in Eq. VI.1-22 where Gi = Gd Q1 is detector
region) the probability that a neutron impinging into
filtered detector from the outer surface with isotropic
angular distribution using printed Pis. IGMAX = NEF+NET
for the fine group calculation and IGMAX::  NERF+NERT for
the coarse group calculation.

Repeat BLOCK 3.1 through BLOCK 3.3 IOFT(2) times.
BLOCK 4.1 Input for spectrum index, required if IOFT{3)>0. /MREC/
NREC1 i=1,MREC
Number of nuclides which have the IXMICR =1 in i-th
mixture counted in MREC. Count i in the order of

appearance in the material specification in I1.8.

BLOCK 4.2 Specification of nuclides for spectrum index /A0.6,IGMAX/

MPOST Position of the mixture in MREC mixtures.
LU235 Position of the nuclide U235 in NRECMPOS) nuclides.
LUZ38 Position of the nuclide U238 in NREC/MPOS) nuclides.

The nuclide U235 U238 may be read as for another
combination such as U233 and ThZ32.

IX X-position to take the neutron spectrum
Iy Y-position to take the neutron spectrum
17 Z-position to take the neutron spectrum

FGSg.g=1,IGMAX
Filter transmission by energy group to obtain the
epithermal index. Transmission ranges between 0.0 and
1.0.
Repeat BLOCK 4.2 I0PT(3) times.
BLOXCK 5.1 Required 1f MREC<0 /A8,1,07

AME Member name of a fictitious mixture composed only by
fissile nuclides like U-233, U-235, Pu-239 and Pu-241.

NZONE Number of zones to be integrated

BLOCK 5.2 /A8, NZONE, 0/
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MTNAME Member name of a fictitious mixture composed only by
fertile nuclides like Th-232, U-238, Pu-240, and Pu-242.

I70NEL 1=1,NZONE
Zone numbers

Repeat BLOCK 5.1 and 5.2 IMRECI times.

I1.10 Cell Burn-up Calculation

The input for cell burn-up calculation is minimized because the
information such as chain scheme, yield, decay constant, pover per
fission, etc. is compiled in the burn-up library. The user has still to
choose the chain schemes which are stored in separate members in the
library. {See Dictionary VII.D)

Following input data are required if IC20 > 0 in Sect.II.1.
BILOCK 1 Control integers 3/

NEFP Number of burn-up steps to modify the effective micro-
scopic cross sections for burnable nuclides (<=15). The
cell calculations of the final step 1s skipped.

Note: If NMAT® in Sect. II.8 is specified by a negative number,
the atomic number densities at the final step will be
stored on FT07 so as to be used in the material
specification in a restart run for the suceeding burn-up
step. Moreover the final step is automatically judged by
checking whether or noy the next cell burn-up steps will
terninate within the specified cpu and 170 limit.

IBUNIT Burn—up unit to control exposure time under the fixed
power
=0 MWD ‘Mega Watt Days)
=1 fraction of U--Z23% burnt

IBEDIT Edit control
=0 brief edit
=1 detailed edit
=2 more detail for code testing

BLOCK 2 /e/
POWERL Whole core power in MW
CVCOL The factor to vield the total amount of fuel volume 1n

core by multiplying it to the cell volume. For example in
a one dimensional calculation of a cell of a fuel plate

. the thickness of fuel meat stands for the fuel volune,
then the factor is the product of width + height of fuel
plate * number of fuel plate in the core.

The ratio of the above lwo items is used to get absolute
neutron flux, then any common factor to the above’'s may be
multiplied. For example., the term "core’ appearing in this
item can be read as fuel element’ or “assembly’.
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BLOCK 3 /NEP/

PERIOD Burn-up steps in ascending order (not count the initial
step) in unit specified by IUNIT. A modification 1s made
for the action at the burn-up step to yield only the
composition, but to skip the cell calculation.

IT.11 MCROSS ; Updating of Resonance Cross Section File

The routine MCROSS is called if IC8 > 0 in Sect.II.1. This routine
produces the temperature dependent cross sections of the required
resonant nuclides of the specified temperatures in the ultra-fine
energy structure which will be used in the ultra fine resonance calcu-
lations. The resonance level parameters required are taken from the
user fast library. The user who are satisfied with the public resonance
cross section file where we have compiled the cross sections for all
available nuclides over all range of temperature does not need this
routine. Otherwise if the user wants to treat the double heterogeneily
in resonance neutron energy, he has to prepare his ovwn resonance cross
section file which contains the information for all concerning nuclides
over the necessary temperature range to be able to write the effective
cross gections into his file. The above preparation may be substituted
by the TSS operations to copy the necessary members from the public
into the user libraty. (see Sect.V.3)

BLOCK 1 | /A8

IDENT Nuclide identification of the organization 'Xzzmciit®™ as
described in Sect.I1I.2 User’s microscopic cross section
libraries, while the chemical tag ‘¢’ and the temperature
tag 't’ are not effective in this routine,

BLOCK 2 Control integers /3
NT Number of temperatures
TOUT Print control

=0 brief edit
-1 detalled edit

IFLOT Plotter control
=0 skip plot
=1 plot cross sections vs energy

BLOCK 3 /NT/

TT Temperatures for which cross sections are calculated.
Fach temperature is replaced by the nearest value in the
tabulated values ( see Dictionary VII.6 )

Repeat BLOCKs from 1 through 3 until a blank identification is
encountered.
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I1I.12 PEACO ; The Ultra-fine Resonance Absorption Calculation

An integer is required if IC5 = £+ 2 in BLOCK 3 of Sect.ll.l 1is
specified for edit control of the PFACO routine.

BLOCK 1

IPLOT

BLOCK 2

IRX

BLOCK 3

BLOCK 4
EH

Plot control * Favi

=0 skip plot

=1 plot neutron spectra by up-to five R-regions 1n a
figure '

=2 plot neutron spectra by R-region for an R-region per
figure

=3 plot neutron spectra by up-to five R-regions in a
figure in the energy ranges which are specified in
BLOCK3 and BLOCK4.

>0 print modified group cross sectlons

Required if ICbh=-2. JNM/
When more than two mixtures containing any resonant
nuclide are used in a cell, due to the restriction on the
PEACO routine. a resonant material is assumed to be one
of two resonant mixtures in the interpolation process of
the collision probabilities. Such an approximaltion may be
satisfied in case of the burn-up calculations of multiple
fuel regions which contain similar composition each other
through the burn-up steps.

=0 non-resonant regioh
=1 assigned to the first resonant material
=2 assigned to the second resonant material

Required if IPLOT-=3 ‘ JA/
The lower energy boundaries for plotting the spectra.
Four ranges are assumed.

Required if IPLOT=3 v

The upper energy boundaries for plotting the spectra.
Four rarnges are assumed.
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until the fourth.
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111 Core Burn-up and Fuel Management
III.1 COREBN code

The COREBN code permits 2D and 3-D burn-up calculation of a
reactor core and fuel management.

The operation of a reactor is generally described by the spatial
distribution of physical gquantities such as neutron flux, nuclide
concentration and temperature. The depletion calculation has to take
into account of time-behavior of these parameters. The usual neutronic
calculation treats these changes as those of few group cross sections
in which consequent change of neutron spectrum is included.

In the SRAC code system, the depletion process is divided into two
steps. First, a cell burn-up process implemented in the main program
yields few group macroscopic Cross sections at each burn-up step. These
are prepared on the discrete values of fuel temperature. coolant
temperature and degree of burn-up for a cell.

An auxiliary program COREBN to execute core burn-up utilizes this
tabulation of few group macroscopic cross sections. Owing to Lhe scheme
to interpolate the, data for a three dimensional, realistic continuous
distribution of the physical quantities in a reactor core can be
simulated as far as computer time and space 1s available. The diffusion
routine calculates the power distribution to give increased burn-up of
each spatial node.

Information before initial and after final step of burn-up is
read/written from/to a history file which keeps the history of
individual fuel element. It serves as fuel management.

It is a feature of the code that macroscopic cross sections are
essential mediums between cell burn-up and core burn-up calculation.
Therefore nuclide concentrations are not indispensable variables to
this code. but calculated and written in the history file for fuel
management .

I11.1.1 Process

We shall follow briefly the process of the code illustrated in
Fig.IIT.1-1.

(1) Get input data @ operation condition, loading pattern of fuel
elements, temperatures.

2} Read degree of burn-up for each spatial node from the history file.

(3% Interpolate macroscopic Cross sections for each spatial node
corresponding to the degree of burn-up, fuel temperature and

moderator temperature.

‘(4} 2D or 3-D diffusion theory core calculation.

5} Increase degree of burn-up by multiple of operation time and power
level at each node.

(6) Repeat steps (3),(4) and (5 for the given number of steps.

(7) Interpolate nuclide concentrations from the table by the degree
of burn-up.

(8) Update the history flle.
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Fig. IIT.1-1 Flow diagram for burn up calculation

I11.1.2 Formulations

1 Interpolation of macroscopic cross sections and nuclide
concentrations

Macroscopic cross sections and nuclide concentrations are obtained
by an interpolation scheme described below as a functlon of three
variables, degree of  burn-up, fuel femperature and moderator
temperature.

First. two burn up steps to include the required burn-up (MWD, ‘o )
are found. At each step, a function F(x.y) is obtained from four values
F, =Fx .yi), Fo =Fx,y ), Fs = F(x .y2) and Iy = Fixz,y2 ) which are
the tabulated values corresponding to the possible combinations of
either of variables x| .x» and either of variables y{.y» where x < x <
x> and y; <y < y2.

Let

- ox Ul Y
Re = —, Re - o
L2 1 X2 X

and
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Fry = i+ F2 — Fio*Ry, Frz = Fa+ {(Fy — Fg )R,
Finally the interpeclated value is obtained by

Fix,y) = Fu+ Feg — Fay)shy

The required value is further interpolated between two values of F(X,y)
for two steps.

Special case is taken care of. If both of fuel and moderator
temperatures are coincident  to the tabulated temperatures, no
interpolation is done. If either of fuel and moderator temperatures 1s
coincident to any of tabulated ones, interpolation on one variable is
executed. Note that as no extrapolation is allowed. the tabulation has
to cover all possible range of variables.

2 Assigoment of fuel and moderator temperatures

The assignment of fuel and moderator temperature is controlled by
input which specifies one of the following opltions.

(1% A fixed value is used over all nodes.
(2) Values are given by node.
(3) Values are calculated by node (not yet avallable)

The following formilation is used to calculalte the temperature of a
node.,

h
Thy= T1,1+Af plx,y.z) d=
0

where T(h) is temperature at h of a channel expressed by x and ¥, Tin
the inlet temperature, p{(x.y.z) pover density at x.y.z

and A the constant. For the down-flow, the upper and lower limit of the
integration has to be exchanged.

At the initial burn-up step, the temperature distribution has to
be given because no pover distribution has yet been calculated.

3 Correction for Xe concentration by neutron flux level

The <xenon concentration changes mainly by the neutron flux level.
The values interpolated by degree of burn-up and temperatures from the
tabulated values which were calculated under the fixed power density
should be replaced by the value determined by the local neutron flux
for each node,

The xenon concentration in the steady state is given by
~T e

Nge =~

A¥e + Oxe?

where y . fission yield of Xe

Ly @ macroscopic fission cross section
o) : neutron flux
i : decay constant of Xe

Oy, . microscopic absorption cross section of Xe
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If Ny.g 1s obtained by table-look-up under the flux ¢ . the correction
to Xe concentration is given by

A"\‘"\" - NXCO <’~r: - @0)‘1)(0
e 00 Axet Oxed

The cross sections L and o are taken from those of the lowest group
assuming few group calculation. The flux ¢ 1is teken from that
calculated at the previous step. At the initial step. this correction
is not carried out. The correction of ¥e concentration is reflected

on the macroscopic absorption cross sections for depleting fuel.

I11.1.3 Member name on PDS file for tabulation

The macroscoplc cross sections provided by the cell burn-up routine
are read by the COREBN code as the tabulated values from a PDS file 1in
which the data are read/written by member name of eight
characters{columns). Fach column is assigned to denote proper physical
meaning under the following rules.

Structure of member name ITFMEBIC

Column 1,2 and 7 : Arbitrary alphabetic characters used for material
identification.

Column 3 : Numeric character as fuel temperature indicator
{see Dict. VII.G)

Column 4 : Numeric character as moderator temperature indicator
{(see Dict. VII.G}

Column 5 © Alphabetic character as energy range
(F for fast, T for thermal and A for vhole energy range)

Column 6 : Numeric character as cell burn-up step indicator
(0,1,2.3,4,5,6,7,.8,9,A.B,...... )

Column 8 © Numeric character as energy mesh indicator
(0 for coarse and 2 for fine mesh

Columns 1,2.5.6,7,.8 may be carried over as specified in the cell
burn-up step. Care should be taken to colums 3.4 to which any
character might be accepted in the cell burn-up step. The material
identification of three characters must be common in a kind of fuel
elements whether new or old.

The tabulation of nuclide concentration is also referred by a
member name of which structure is symbolized as IIFM NDEM".

Column 1,2 : Same alphabetic characters as used in a material
identification to a material

Column 3 © Numeric character as fuel temperature indicator
Column 4 > Numeric character as moderator temperature indicator

Columns 9.,6.,7,8 ! Fixed character string "NDEN’

The member names for non-fuel materials may be let as made up by
the SRAC code.

ITI.1.4 7Z division on 3-D calculation
In a 3-D calculations, a spatial divisicn is made on Z direction, A

unit called "node” is assumed to have uniform degree of burn-up and
nuclide density. The boundary of a node must be identical with that of
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zone to which the cross section 1s assigned in the diffusion
calculation,

When a follower fuel element which follows the movement of control
element is used, division of uniform interval is required to keep the
volumes of nodes during successive batches. If only non-fuel material
moves along Z-direction, arbitrary division is allowed.

I1I1.1.5 Content of history file

A history file is used to keep the information for fuel management
and operation. Before executing the initial depleting calculation, the
reactor system and fuel elements have to be registered in the file. An
editing program is available for this purpose. This program serves also
for the correction and printing out of the conternts. The usage of this
program will be described in I11.2.

The information in the history file is used to restart a next batch
after some interruption, and a nev file to keep the whole history 1is
written at the end of depletion calculation. It is reconmended to keep
an old file at certain steps as the back-up of the file for
recalculation.

Followings are the definition of the common variables and 1,0
format.

(1) Definition of the commor variables

Corresponding to each record written In the history file, the
common variables in the history editing program are arranged as
follows;

COMMON /REC1/ HEADER(18.2),UDATE (2}

COMMON /RECZ/ TGEOM,NREGI ,NREGJ ,NREGKB, NMAT .NTNUC , NHVNUC,
NMESIT (MAXX ), XK (MAXX 3, NMESHY (MAXY ;, YY (MAXY ),
NMESHZ, (MAXZ 3, 27, (MAXZ, ) , MTNAME (2. MAXMIN ) , TFORS (MAXMIN ),
VOLFS {MAXMTN ., VOLFR (MAXMIN ), 1235, LXED . NESO (MXIS0 ),
THVNUC (MXHVIS ), AMASS (MXHIVIS ;, P1E (MAXX, MAXY

COMMON /REC3,” NBATCH

COMMON /REC4/ OCOM (18,2, NOB, NOC . NSBSTP, IDATE (2 ), PERTO (NSBSMX )
AVRPO /NSBSMX ), ACPOW, AVFTPH , AVMTPH, NOFCOR , TD (2, NOFCMX ),
LXYZ 2,3, MXYZF ,NOFCMX ) . IFSAME (NOFCMX 3, NOCCOR,
IDC (2, NOCCMX », LCXY (2,2, MXYZC . NOCCMX )
CLOCZ, (NSBSMX, NOCCMX 7, LCZ (NSBSMX , NOCCMX

COMMON /RECS,” NFE.NFT,NOT , NRKFMX , NRK1MX, NRKOMX

COMMON /RFCS,” FTCOM (2, MAXFT 3 ,NREGKE (MAXFT ; \NREGKT (MAXFT ),
VOLF {MAXK1 ,MAXFT ), TZINV (MAXK1 ,MXHVIS . MAXFT ),
MATSPC (MAXKE . MAXET )

COMMON /RECTY/ OTCOM (2, MAXOT }, NREGKO (MAXOT ; , MATSPO ‘MAXKO , MAXOT )

COMMON /RFCS/ IDENT (2 3, NFTYPE, BURNUP (2, BURNUZ (2, MAXK1 ),
ZINV :MXTSO,MAXK1 3, STATUS, IBCORR, IDATEF (2 ) .NLOAD.
LXYZF (2,3, MXYZEF ) ,NHIS

COMMON /RECS/ NOB1 ,NOC1,NSBST1, IDATEH (2, PERTOT {NSBSMX )
POWZ, (NSBSMX , MAXK1 3, ZFTEMP (NSBSMX, MAXKZ ) .
ZMTEMP (NSBSMX , MAXKYZ. ;, ACBURN . ZABURN {MAXK1 ), NHLOAD .
LXYZ1:2,3.MXYZE )

Note. Array size set by following parameter statement in the history
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file edit code.

PARAMETFR (MAXX=100 ,MAXY-100 ,MAXZ=50 ,
MAXMTN=100,MXIS0-200 MXHViS=11
NSBSMX~10
NOFCMX~100,MXYZF=4
NOCCMX=50 ,MXYZC=4
MAXFT =50 ,MAXKF-50 ,MAXK1-B50
MAXOT =50 ,MAXKO-50
MAXK1 I =MAXK1+MXIS0
MAXKTH=MAXKT +MXHVIS

g

(2) Format in History file
Record in history file is written as follows;

REWIND TFILE
WRITE (IFILE) HEADFR.UDATE
WRITE(IFILE ) IGHEOM,NREGT.NREGJ . NREGKR, (NMESHX (I 3. XX (1}, I=1,NREGI },
(NMESHY (1), YY (I ), I=1,NREGS ), (NMESHZ (1 3, ZZ{1),1=1,
NREGKB ) . NTNUC, L2235, LXES, (NISO (1), T=1 ,NTNUC »,NHVNUC,
{THVNUC (I ) ,AMASS (I 3, I=1 ,NHVNUC ) ,NMAT,
((MINAME (J . 13,J=1,2),IFORS{I),VOLFS (Il ),VOLFR{I,
I=1,NMAT
DO 10C KB-1,NREGKB
WRITE(IFILE) ((P1E(I,J,KB),I=1,NREGI ;,J=1,NREG}
100 CONTINUE
WRITE(IFILE : NBATCH
IF(NBATCH.EQ.O GO TO 120
DO 110 NH-1,.NBATCH
WRITE (IFILE; ((OCOM{J.1),J=1,183,1=1,2},NOB,NOC.N5BSTP,
(IDATE(I,I=1,2), (PERIO{I;.1=1 .NSB5iF,
{AVRPO (T »,I=1,NSBSIP ), ACPOW. AVFTPH, AVMIPH, NOFCOR,
((IDWJ.I1y.Jd=1,2), ({((IXYZK,J.N,I).K-1.2),J=1.3},
JN=1,MXYZF 3, IFSAME (T ), T+=1,NOFCOR » ,NOCCOR,
((ADC{J. 1), J=1.2), (((LCXY (K.J,N,I},K=1.,2},J=1.2),
N=1,MXYZC ), (CLOCZ {J,1),J=1 .NSBSTP ;.
(LCZ(J,1),Jd=1,NSBSTP ;,I=1,NOCCOR ;
110 CONTINUE
120 CONTINUE
WRITE (IFILE ) NFE.NFT,NOT,NRKFMX, NRK1MX, NRKOMX
IFNEF.GT.O) THEN
WRITE (IFILEY ({(FTCOM{J.I}.,J=1,2),NREGKF (I),NREGK! (I },I=1,NFT ),
((VOLF (K,TI), (TZINV(K,J,I),J=1,NHVNUC »,K=1,NRECK1 (I ).
I=1.NFT), ((MATSPC(J,1},J=1 ,NREGKFF<I};,I=1,NFT)
TFNOT.GT.0» THEN
WRITE(IFILE ((OTCOM{J,I),J=1,2),NREGKO(I ».I=1.NOT ;,
{(IMATSPO(K.T),K=1 ,NREGKO I ), I=1,NOT
IFNEF.LE.0) GO TO 999
DO 150 NF=1.NrE
WRITE (IFILE) (IDENT({I).I=1.,2),NFTYPE, (BURNUP(I;.I=1,2). ((BURNUZ{J
K. J=1.2),K=1 . NREGK1 (NFTYPLZ) ).
((ZINV(J,K},J=1 ,NTNUC),K=1,NREGK! :NFTYPL; },
STATUS.IBCORR, {IDATEF (J),J=1.2},NLOAD.
({(AXYZF(J,1.K),J=1,2;,1-1,3.K-1,NLOAD » ,NHIS
IF(NHIS. LE.C) GC TO 150
DO 140 NH-1,NHIS
WRITE (IFILE NOBI,NOC1,NSBST1, (IDATEH(J),J=1,2;. (PERIO1 {J}.J=1,
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NSBST1 ), ( (POWZ (J,K),J=1 ,NSBST1),K=1,NREGK1 (NFTYPE ) ),

{({ZFTEMP(J.K),J=1,NSBST1 },K=1.NREGKB },
((ZMTEMP (J.K),J=1,NSBST1),K=1 ,NREIGKE
ACBURN , (ZABURN {J ), J=1 .NREGKY (NFTYPE) ) ,NLOADH,
(CLXYZ1 (J,1,K).J=1,2),1=1,3:,K=1,NLOADH }
140 CONTINUE
150 CONTINUE
999 CONTINUE

(3} Physical meaning of the variables

Followings are physical meaning of the variables listed above,
Character type variables are marked by (A).

Record 1.

HEADER (A
UDATE A

File identification
Date of the latest update of the file

Record 2. Geometry and miscellaneous for diffusion calculation

TGEOM

NREGL
NREGJ
NREGKB
NMESHX
XX
NMESHY
YY
NMESHZ.
Z7
NTNUC
L1235
LXES
NISO{A)
NHVYNUC
THVNUC

AMASS
NMAT
MINAME (A
TFORS
VOLFS

VOLFR

Geometry option

= 1 to b Not available
6 2-D slab XY}
-D cylinder (R.Z)
-D circle (0,R)
-D hexagonal {(H)
-D triangular (T}
-D slab X.Y,7Z}
-D
-D
-D

[ T
o

cylinder (0.R,Z)

hexagonal (H.Z

triangular (T,Z)

Number of vertical regions

Number of horizontal regions

Number of planes

Number of mesh points for each vertical region
Region width for each vertical region

Number of mesh points for each horizontal region
Region width for each horizontal region

Number of mesh points for each plane

Region width for each plane

Number of nuclides

Position of °® U in the nuclide table

Position of *® Xe in the nuclide table

Nuclide name

Number of heavy nuclide for inventory calculation
Position number of heavy nuclide in the heavy nuclide
table

Mass of each heavy nuclides

Number of materials

Material name on MACRO file

Option for fuel or non-fuel

Volume of cell (cm®) which is used to estimate power
density of the cell from the total power specified to
the cell

Actual fuel volume fraction in the fuel element

o
W0 WL NN NN

Record 2.1 Thermal neulron flux for Xe-correction
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P1E

III. Core Burnup and Fuel Management

Thermal neutron flux at each zone

Record 3. Control of operation

NBATCH

Number of operation batches

Record 4. Operation record in a batch

OCOM{A)

NOCBM
NOC

NSBSTP
IDATE (1>
IDATE(Z
PERIO
AVRPO
ACPOW
AVITPH
AVMTFH
NOICOR
IDAS

Comments for an operation batch. An execubtion of the
COREBN code pursues depletion during a batch in which
no refuelling nor withdrawal of conirol fuel element
is permitted.

Sequential batch number

Cycle number, one or more than one batches are
included in a cycle
Number of bhurn-up steps in the batch

Date of start-up (YYMMDD}

Date of shut-down (YYMMDD)

Operation period for each burn-up step (hour)
Average power for each burn-up step (MW)
Integrated power (MWD)

Average fuel temperature ( K)

Average moderator temperature

Nusiher of fuel elements in the core
Identification of each fuel element

Following six items specify the location of a fuel element in the

core in term of “region’.
a horizontal region and a plans defines a zone in the 3-D

region,

Remind that a combination of a vertical

diffusion calculation.

IXYZ (T, 1,%.13
IXYZ(2,1,%.1}
LXYZ{1.2,%.,1)
LXYZ 2,2,+,1

IXYZ(1,3,+.1

LXYZ(2,3,+,1

IFSAME (T 3

)
)

NOCCOR
IDC(A)

Following

a plane in term of "region’ as used to
element . The degree of insertion is specified by LCZ; the

control

Starting region number for x-direction

Ending region number for x-direction

Starting region number for y-direction

Ending region number for y-direction

Node number of the element on the first plane
conversion factor for fuel volume in the core
Indicator for symmetric condition. If =1, the element
is located at the symmetric position of the previous
element and excliuded from the actual calculation. The
result of the previcus one is duplicated. If 90
rotational symmetry is considered, the three
succeeding elements will have the non-zero value for
thig item.

Number of control elements in the core

Identification of a control element

four items specify the location of a ¢ontrol element on

specify the position of

succeeding item.

LCXY(t,1,+.1}
LCXY 2, 1,%,1)
LCXY (1.2,+,1}
LCXY (2,2,+,1)
CLOCZ

LCZ

Starting region number for x-direction
Ending region number for x-direction
Starting region number for y-direction
Fnding region number for y-direction
Control rod insertion depth. This item
in the calculation, but as comnent.
Node number on the first plane. If the

1s not used

control element
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is fully inserted, enter LCZ=1.

Record 5. Control for individual element

NFE Total number of fuel elements
NET Number of types of fuel element
NOT Number of types of non-fuel element
NRKFMX Maximum node number through whole fuel elements
NRK1MX Maximum node number within active fuel part
through whole fuel elements
NEKOMX Maximum node number through whole non-fuel elements

Record B. Specification of fuel element type

FTCOM (A Name of a type of fuel element

NREGKE Number of nodes

NREGK1 Number of nodes within active fuel part

VOiLF Volume of each node

LINV Initial inventory of heavy nuclides for each node in
active fuel part

MATSPC Material number for each node. Material is numbered 1in

the order appearing in the array MINAME in Record 2

Record 7 Specification of nen-fuel element type

OIcoM A > Name of a type of non-fuel element
NREGKE Number of nodes
MATSPO Material number for each node. Material is numbered in

the order appearing in the array MINAME in Record 2

Record 8 Information of a fuel element

IDENT (A) Name of a fuel element

NFTYPE Fuel element type number which is the order appearing
in Record 6.

BURNUP {1 3 Average burn-up in MWD/element

BURNUP {2 Average burn-up in 2% fraction

BURNUZ (1 ,K Axial burn-up distribution in MWD/ncde

BURNUZ (2,K ) Axial burn-up distribution in 25 U fraction/node

ZINVJ.K) Fstimated current nuclide concentration of nuclide J
in the node K + 107 atom/cm’® )

STATUS (A Status of fuel element

= NEW fresh element
= CORE loaded in the core
= COCL in cooling
= WAST waste {(not used)
IBCORR Status of burn-up correction
=0 no correction made
=1 corrected except nuclide concentration
=2 fully corrected
IDATEF {1 Date of initialization of record (YYMMDD)
IDATEF (23 Date of obsolete of record {YYMMDD)

Following items specify the loading location of the fuel element
in the core at the latest irradiation:

NEOAD Number of load data in this fuel element

LXYZEF (1,1 .= Starting region number for x-direction

LXYFZZ2,1,+) Ending region number for x-direction
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LXYFZ(1,2,%)
LXYFZ(2,2,%)
LXYFZ (1.3,*)
LXYFZ (2,3,%)
NHLS

III. Core Burnup and Fuel Management

Starting region number for y-direction

Fnding region number for y-direction

Nnode number of the element on the first plane
Conversion factor for fuel volume 1n the core
Number of blocks for the succeeding history records

Record 9. Burn-up history

NOB1

NOC1
NSBST
IDATEH (1
IDATEH (2
PERION
POWZ
ZFTEMP

ZMTEMP

ACBURN
ZABURN
NHLOAD
LXYZ1{1,1.%)
LXYZ1 (2,1, %)
LXYZ1(1,2,%)
LXYZ1 (2.,2.%)
LXYZ1 (1,3, %)
LXYZ1 (2,3,+

Sequential batch number

Cycle number

Number of burn—up steps in the batch

Start-up date (YYMMDD)

Shut-down date {(YYMMDD)

Operation period for each burn-up

Power for each burn-up step by node

Average fuel temperature for each burn-up step
by node

Average moderator temperature for each burn-up
step by node

Integrated burn-up (MWD/element)

Axial distribution of integrated burn-up (MWD/node)
number of loading data in each operation
Starting region number for x-direction

Fnding region number for x-direction

Starting region number for y-direction

Ending region number for y-direction

Node number of the element on the first plane
Conversion factor for fuel volume in the core
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II1.1.6 Input specification

Follovwings are the specifications of the input read into FT05.
Number of entries reguired is enclosed by slashes for each block.

BLOCK 1 STeH,fPH/
OCOM Comments for operation
BLOCK 2 Control for reactor operation /0,14.,2/7
NOB Batch number in the cycle

NOC Cycle number

NOFCOR Number of fuel elements loaded in the core

NOCCOR Number of control elements loaded in the core

NSBSTP Number of burn-up steps

IDATE{1) Start-up date (YYMMDD)

IDATE (2 Shut-down date (YYMMDD:

IRESTO Restart option

=0 No restart
>0 Restart problem. Information stored in FTI3 and
FTS8 will be read in.
IREST Preparation for the next restart
=0 No informaticn will be written
>0 Information for restart will be written into
FT13 and FTS6
ITCAL Option for fuel and moderator temperature
=0 Constant in time
-N Number of pairs of coefficients A,B used in the
following polynomials for the analytical expres-
sion of space dependent temperature
(not yet available)

b
Temp-A+B| Pd=
0

TLCAL Option for the eigenvalue calculation after the
interpolation process of the last burn-up step
of the batch
=0 No execution
-1 FExecution. Dummy entry for burn-up step will be
required.
ICKLOW Direction of coolant flow which is used to define
the upper and lower limit of the above integration
=1 left to right
=2 right to left
=3 top to bottom
-4 bottom to top
=5 front to back
=6 back to front
ID1 Option to select diffusion coefficients in the SRAC
macroscopic formulation and delayed neutron data
written on macroscopic file
=111 Use D! for all material
=121 Use D2 for all material
=13] Select D1 or D2 by material
< 0 Delayed neutron data is written on macro file for
kinetic parameter calculation
IXKI Option to select fission spectrum
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AVI'TMP
AVMIMP

BLOCK 2-1

COEF (1,

1)
COEF{Z.1)

COEF (1,ITCAL)
COFF (2, ITCAL

BLOCK 2-2

III. Core Burnup and Fuel Management 83

=0 Uge the unique specltrum which is taken from the
first material positioned in the sequential file
of DDNAME FT31

>0 Use material dependent spectra

Average fuel temperature K}

Average moderator temperature (K)

Required if ITCAL>O, s2+TTCAL/
Coefficient of polynomials for temperature

first coefficient A
first coefficient B
last coefficient A

last coefficient B

Required 1f 1ID11=3 /NMAT/

IXYZ(I),I=1,NMAT

Note:
BLOCK 3

PFRIO

BLOCK 4
AVRPOW

Note:

BLOCK 5
BLOCK b-t
1D

NMAT

Selection of diffusion coefficient for three direc-
tions in 3-D calculation by material is specified by
IXYZ as following:

vertical horizontal axial

IXYZ Dx Dy Dz
= D1 D1 D1
= b2 D1 D1
= D1 D2 1
=4 Dz D2 D1
=5 D1 D1 DZ
= D2 D1 b2
=7 D1 D2 D2
= D2 D2 D2

Number of materials which is kept in the history file

Operation period /NSBSTP+ILCAL S

Period of each burn-up step (hour )
If ILCAlL=1, an additional dummy entry is required.

Average reactor power /NSBSTP+ILCAL/

Average reactor power of each burn-up step (MW}

If any symmelric core geometry is considered, enter the pover
of the volume under calculation. For example, a half of core
is solved, enter half of reactor power: and in 2-D calcula-

tion,

{emy,

enter the power divided by the effective core height

Fuel loading. Repeat NOFCOR times.
A fuel element /A8,8.0/

Identification of the fuel elemsnt named 1in the
history file { see II1.2.2 . Block 4-3 )
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Following five items specify the locations of fuel elements in
the core in terms of “region”. Remind that a combination of a
vertical region, a horizontal region and a plane defines a zone in
the 3-D diffusion calculation. The Z position of the element is
expressed in a different way. Normally the first node of an
element is located on the first plane which denotes the first mesh
in the 7 direction of the 3-D core {dZ(1)=1). If a control element
is partially withdrawn from the core, a certain node number
greater than one has to be given to iZ{1). Of course, LZ(1)=0 or
-—1 is accepted so as to indicate the reverse movement. Remind
that any movement can be expressed by an integer as the node 1is
numbered to an interval of uniform mesh. The axial length of any
movable element is not necessarily longer than the core height.
The vacant space after the movement may be filled by some non-
depleting material like moderator as occurs in the actual reactor.
In 2-D calculation, LZ(1)=1 should be entered.

LX) Starting region number for x-direction
If more loading position data is required , enter
negative value and feed BLOCK 5-1-1 after this record

LX {23 Ending region number for x direction

LY(1) Starting region number for y-direction

LY (@) Ending region number for y-direction

LZ{1) Node number of the element on the first plane

ITEMP Temperature option

-0 Specify by BLOCK 5-2 and 5-3.

=-1 Use the average value entered in BLOCK 2.

-N Calculate by using N-th coefficients within
ITCAL pairs.

=100 +N .
Use the input data for the initial step, and
calculate by N-th coefficlents

TFACT Conversion factor for the fuel volume in the core
-0 or =1 same
=N N times of the volume under calculation

Note. When the center of an element colncides with the center of
symmetry, the actual volume of the element must be N times
of the volume under consideration.

IFSAME Indicator for symmetry

=0 Independent fuel element

-1 Dependent fuel element which is located in the
symmetric position to the previously specified
fuel element. This element is excluded from the
diffusion caleulation, but the results for the
corresponding element will be duplicated. If 90
rotational symmetry is considered, several set of
three succeeding elements may have IFSAME=1.

BLOCK 5-1-1 Additional loading position data S4/

LX{1) Starting region number for x-direction
if more loading position data is required , enter
negative value and feed BLOCK 5-1-1 after this record
LX2) Ending region number for x-direction
LY {1 Starting region number for y-direction
LY 2 Ending region number for y-direction
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BLOCK 5-2
ZFTEMP

III. Core Burnup and Fuel Management

Required if ITEMP=0 or >100 /NSBSTP 1 +NREGKEB/

Fuel temperature (K) for each burn-up step averaged at
each core height

Note: NREGKB=1 in 2-D calculation.
NSBSTPI=NSBSTP+ILCAL if ITEPM=0. NsSBSTP1=1 1f ITEMP > 100.

BLOCK 5-3.
ZMTEMP

BLOCK B

BLOCK 6-1

IDC
MATNOC

LCX (1)
LCX (Z)
LCY (1)

LCY (2
CLOCZ (I}

BLOCK 6-1-1
LCX (1)
LCX 2
LCY (1)
1CY @)

BLOCK 6-2.

LCZ

Required if ITEMP=0 or >100 ANSBSTP«NREGKB, 7

Moderator temperature (K) for each burn-up step
averaged at each core height.

Loading of control element. Repeat NOCCOR times. If
NOCCOR=0., no entry 1is required for this block. A
control element does not contain depleting material.
If a control element with follower fuel is treated as
a fuel element, it has to be specified in BLOCK b.
Such an element can be treated as two elements; the
fuel part (follower fuel) is specified in BLOCK &, and
the absorber part is specified in this BLOCK.

JAS 4K A8, 4 NSBSTP+ILCAL/

Identification of a control elemsnt

Type name of the control element. Type name is one of
the array OFCOM in Record 7 of the history file,
Starting region number for x-direction. If more load-
ing position data 1Is required, enter negative value
and feed BLOCK &-1-1 after this record

Ending region number for x-direction

Starting region number for y-direction

Ending region number for y-direction

Position{cm) for each burn-up I=1,NSBSTP+ILCAL.

This 1tem is not considered in the caleulation,

but stored in the history file like comment.

additional loading position data /47

Starting region number for x-direction. If more load-
ing position data 1s required. enter negative value
and feed BLOCK 6-1-1 after this record.

Ending region number for x-direction

Starting region number for y-direction

Ending region number for y-direction

Required only in 3-D calculation /NSBSTP+ILCAL/

Node number of the element on the first plane
C.f. 1Z{1) in BLOCK bB-1.

Note: If the control rod position should be recorded in the history
file even in 2-D calculation. enter blank value of MATNOC., then
the control element will be excluded from the diffusion calcu-

latieon,

BLOCK 7

Lecading of non-fuel element and material
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BLOCK 71 Material specification /A8/
MATNO Type name of the non-fuel element. Type name 18
one of the array OICOM 1in Record 7 of the history
file.

Automatic allocation of the first material to all
sones in the reactor is taken. BLOCK 7-2 data for the
first material is not needed. This allocation may be
overlayed by the succeeding material specifications.

BLOCK 7-2 Loading position
/5
I1 Starting number of pozition by x
IZ2 Ending number of position by x
13 Starting number of position by y
14 Fnding number of position by v
15 Node number on the first plane

C.f. LCZ in BLOCK 6-2.
Repeat BLOCK 7-2 until 11=0 is encountered.
Repeat BLOCK 7 until MATNO=blank is encountered.

Note: This loading data are first processed and secondary processed
fuel element loading data and finally processed control rod
loading data.

BLOCK 8 General control of CITATION routine
CARD 1: 001

CARD 2: Control Options (2413

NGC1 =0

NGC2 Restart option. Set by the code.

NGC3 Option to write data on logical device 13 to permit
restart. Set by the code.

NGC4 =0

NGCH =0

NGCS Option to write neutron flux map on I1,/0 logical device 9
if > 0.

NGC7 Opticn to write power density map on 1/0 logical device 32

if > 0. and also the heat-to-coolant map if »1 provided
each 1s edited.

NGC8 Option to write polinl neutron source {space-energy ) on
logical device 17 (see GLIMD on card B of 001

NGCS =0

NGC10 =0

NGC11 =

NGC12 Adjoint indicator , enter -1 if an adjoint calculation 18
required. In this case enter negative value on ID1 in
RLOCK 2.

NGC13 =0

NGC14 =0

NGCiH =0

NGC16 =0

NGC17 =0

NGC18 Residue calculation option

If »>= 0, values of the multiplication factor and the
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NGC19

NGC20
NGC21
NGC22
NGC23
NOC24

CARD 3! Edit

In the

HI. Core Burnup and Fuel Management

relative macroscopic absorption cross section, each of
which minimizes the sum of squares of the residues of the
point neutron balance equations., are obltained after termi-
nation of each eigenvalue problem. If < O, this calcula-
tion ig not done.

Macroscopic cross section option If > 0, only macroscopic
cross sections input in section 008 will be used. {punch 1
always. because there is no support for microscopic input)

Options (24137

description below, the option will exercised if the input

number is > 0.

TEDG1
IEDGZ
TEDG3
TEDG4
IEDGH
TEDG6
TEDG7
TEDG8
IEDGS
TEDG10
TEDG11
IEDGi2
IEDG13
IFDG14
IFDGIS
IEDG16
IEDG1Y
IEDG1S
IEDG19
TEDG20
TEDG21
TEDG22
IEDG23
IEDG24

Print iteration data each mesh sweep.

=0

Print macroscopic group-to-group transfer cross sections
Print macroscopic reaction rate cross sections
Print gross neutron balance over system by group
Print gross neutron balance by zone by group

=0

=0

Print zone average flux values by group (IEDG6=0)
Print point flux values by group

=0

Print zone average power densities. Set by the code.
Print relative power density traverses through peal
Print point power densities. If NGC7>0, enter 1.
Print point cumulative heat deposited in coolant
Print point neutron densities summed over energy

=0

Print zone number by each mesh points (print if=0, no
print if=1)

CARD} 4: General iteration count and machine time limits (2413)

The first numbers on this card are the iteration count limits for
the various loop calculations. Problems are terminated when the itera-
tion count reaches the limit and the calculation proceeds as per NGC15

{see CARDZ ;.

For a statics problem (no depletion or dynamics) only

ITMX1, ITMX19, and ITMX21 are applied.

IT™X1

IT™MX2
ITMX3
ITMX4

Any initial eigenvalue problem (statlics problem or
initialization) <200>

All other eigenvalue problems <100>

Any time step depletion loop calculation {suppressed)
Any repeat time step loop (suppressed)
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ITHXD Any repeat cycle loop {suppressed )
I'TMXB =0

ITMXT =

ITMXB =0

ITMX9 =

ITMX10 =0

ITMX11 =

IT™™MX12 =0

ITMX13 =0

TTMX14 =

ITMX15 =0

ITMX16 =

ITMX17 =

ITMX18 =0

ITMX19 Machine time limit (80 min). If restart file is needed,

set this item less than that implied in JCL card.
CARD 5: General restraints (BE12.5}

Any calculation will be terminated if the following restraints
are not met, excluding GLIMS.

GLIM!1 Maximum multiplication factor <1.5>

GLIM=2 Minimum multiplication factor <0.5>

GLIM3 Maximum search nuclide density {suppressed)

GLIM4 -

GLIMS Factor applied to neutron productions for generating a

fixed source file, see NGC8 <1.0-

GLIMG Multiplication factor to be satisfied if a search 1s to
made {(suppressed)

Note: It is recommended to enter GLIMI=2.0 and GLIM2-0.001
for the case in which the Keff value swings over the range
defined by the defaulted values during the iteration.

BLOCK S Description of the neutron flux problem

CARD 1: 003
CARD 2: General description (2413}

NUAC1 =0
NUACZ Tnitialization of the flux for the first problem, applica-
ble only for a restart calculation, NGCZ NE..O

-0 use available flux, multiplication factor and accelera-
tion parameters from the previous problem
-1 use only flux from a previous calculation
_o use built-in initialization procedure. For continuation
of a statics problem (NGC2 < 0), this number should be
0
NUACS -
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NUAC4
NUACH

NUACSE
NUACT
NUACS

NUACS

NUAC1Q
NUACT

NUAC12

NUAC13

NUAC14

NUAC15

NUACTE

NUACTY

NUAC18
NUACIO

NUACZ20

NUAC21
NUACZZ

111. Cere Burnup and Fuel Management

Geomelry option. Set by the information in the history
file,

Indicator of two-dimensional diagonal symimetry {on plates

if 3-D); if > 0, there 1is symmetry about the diagonal

starting at the upper lefthand corner and there are the

same number of rows and columns; if < 0, there is inverted

diagonal symmetry. Set to O if NUACI1= -1

Indicator of two-dimensional symmetry along column slices

for 3-D problems only, see option above

Left boundary condition {(always required:

=—1 periodic { implemented for geometries given by

NUACD =1, 6, 8, 1t and 12, left to right boundary

closure only )

0 extrapolated

1 reflected

Top boundary condition

0 extrapolated

=1 reflected

Right boundary condition {(always recuired), set to -1 if

NUACIT 1s -1

= 0 extrapolated

= 1 reflective

= 2 80 degree rotational symmetry {right to bottom boun-
dary, slabs only)

= 3 1inverted reflection {180 degree rotational symmetry,
slab only)

Bottow boundary condition {required for 2-D)

= 0 extrapolated

=1 reflected

= 2 B0 degree rotational symmetry, triangulars

Front boundary condition frequired for 3-D)

= 0 extrapolated

= 1 reflected

Back boundary condition (required for 3-I

= 0 extrapolated

=1 reflected

Number of zone to be an internal black absorber and to

have the non-return boundary conditicn applied at its

edges ( see XMISZ CARD 4; this zone will be black to all

groups unless additional data are supplied’

Option to allow negative neutron flux if > 0O

Override use of Chebychev pelynomizls in adjusting the

parameters 1f > 0

Line relax only on rows if > 0: if -1, force alternating

direction line relaxation on rows and columns, and also

fore and aft for 3-D; if -2, use only on rows and columns.

When left unspecified. the code selects line relaxation on

rows only with one 1inner iteraticon for all problems

involving upscatiering., othervise three 1nner iterations

for 3-D problems without I/0 and five with data 1/0 during

iteraticn. and alternating direction line relaxation for

all 2-D problems.

I
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NUACZ3

NUACZ4

CARD 3:
FPSIt

EPSIZ

EPSI3
EPST4
EPSID
EPSI6

CARD 4:

XMISt

MIS2

XMIS3
XMIs4
XMISh

XMISG

BLOCK 10
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Specified number of inner iterations, normally not speci-
fied (see NUACZ0 above)

Iteration convergence criteria (BEIZ.D)

Maximum relative flux change for the last iteration of
each injitialization eigenvalue problem <0.0001>

Maximum relative change in the eigenvalue for the last
iteration of eigenvalue problems. This applies to the
multiplication factor calculation, and the direct buckling
or 1/v search parameter. <0.00001>

Miscellanecus data (BE1Z2.5)

External extrapolated boundary constant {(-D/gxdep/dx)

> 0 specifies the constant for all extrapolated houndaries
(see NUAC11-16) for all groups

< 0 this is the total number of energy groups (negative)
and other cards are to follow this card which give the
extrapolated boundary constants for problem boundaries
beginning with those for all energies for the left
boundary (BF12.5); thus data is required for only the
left and right boundaries for 1-D problems, four
boundaries for 2-D, and for six boundaries for 3-D
problems. For the periodic boundary condition, NUACI1
=1, skip the left and right boundaries.

= 0 the code will use the built-in value for all extra-
polated boundaries <0.4692>

Internal black absorber boundary constant (-D/g+dp/dx)

> 0 the constant for all groups applying to zone NUAC1Y

< 0 this 1is the total number of groups {(negative) and
another card(s) is to follow, after any required
above , which gives the internal black absorber
boundary constants for each energy group (BE12.5). Any
zero values indicate that the rod condition 1s not to
apply to that group.

= 0 the code will use the built-in value for all groups
and the absorber will be black over all energy
<0. 4697

Core power level set by the code.

Conversion factor, ratio of thermal energy to fission
energy (XMIS3 is divided by this, normally < 1.0 <1.0> )
Fraction of the core considered; the mass balances are
divided by this number and XMIS3 is multiplied by this
number <1.0>

Initial overrelaxation factor, normally calculated by the
code and not specified here <0.0»

RBuckling specification
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CARD 1: 024
CARD 2: Indicator, IND(I3,E9.0)

Iff IND = 1, specify a constant buckling in columns 4-12 (9.0} on
this card and no additional data is required.

If IND = 2, specify values of group dependent buckling starting
with CARD 4. In this case the KMAX value in Section 008 must be proper

If IND = 3, specify two zone numbers on CARD 3 followed by the
group depending buckling on CARD 4 which will apply to the set of
consecutive zones specified on CARD 3. Continue with CARD 3 and CARD 4
for as many zones as required. A blank card {zero zone number ) must be
used to end this data.

BLOCK 11 Termination of input
CARD 1: 999

IIT1.1.7 File requirement

The COREEN code requires the following files;

DD name Remarks Record format
FTO1F001 Scratch unit, always required VBS
FTOZF001 Scratch unit, always required VBS
FTO3F001 Scratch unit, always required VBS
FTOSFOO1 System input
FTOBF001 System print message only FBA
FTOSEOO1 Used to store forward neutron flux map YBS

by option NGOG in BLOCK 8.
FT10FCO1 Scratch unit, always required VBS
FT11F001 Scratch unit, always required VBS
FT13F001 Input /output unit for restart YBS
required if IRESTO> or ITREST:>1
FT14F001 Scratch unit to store macroscopic cross VBS
sections, always required VBS
FT15F001 Scratch unit to store equation constants, VBS

always required. This is the unit to which
use of the high speed I,/0 unit is effective
to reduce I/0 count

FT16F001 Scratch unit. always reqguired ¥BS
FT19F001 Scratch unit, always required VBS
FT26F001 Scratch unit, if IRESO:-0 VBS
FT31F001 Scratch unit to store macroscoplc cross FB 80 3200

section in BCD format. always reguired
FT32F001 Power density & heat-to-coolant, if required VBS
FT8UF001 Scratch unit, always required YBS
FT90FC01 Scratch unit for interpolation of macroscoplic VBS
cross sections

FT91F001 Scratch unit, always reguired VBS
FTO2F001 History file, old YBS
FTS3EF001 History file, new VBS
FT94F001 Scratch unit to store the input to CITATICN FB 80 3200
FTSOF00T Scratch unit, always required FB 80 3200

Gi
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FT9SF0O01  Scratch unit, always required VBS

FTO7FO01  Scratch unit, always required VBS

FTOSEO0! 1/0 unit for restart, required if IRESG=0 or VBS
TRES1>0

I11.1.8 Usages and restrictions

{1} The burn-up chain of Garrison model from FNDF,/B-1I is generaly
model applicable to this code. But other model may be applicable
if history file is generated so.

(2) Even if the fuel temperature and the moderator temperature is
same, the tabulation of macroscopic cross sections on four pairs
of temperatures made by possible combination of T and T» 1is
required. '

(3> During successive burn-up steps, movement of material 1s not
alloved. It must be specified by separate execution.

{4) The option to calculate temperature is not yet available,

5) The factor to estimate the power from the fission rate is fixed
to the 2¥U value of 3.108+10°"" watt/fission.

(63 The number of burn-up steps in the cell burn-up calculation has
to be common over whole types of fuel element because their
degree of burn-up is referred by the burn-up index of integer.

(7) A cell which has more than one depleting materials 1s not
accepted by the code.

(8% The restart files on FT13 and FTS8 are commonly used in 1/0.
Back-up of the input file may be done by TEBGENER.

I1T.1.9 Error messages

The error messages, their contents and treatments are described
below.

(1) E level “LACK OF WORKING AREA SIZE ........ Qo9 XXCO0T
Content : Area size declared in MAIN routine causes lack of Q099
words in XXXX step.
Treat  Enlarge the work area in MAIN routine with sufficient
margin.
Detected 1n SIZEX

/2Y E level “EXCEED NSBSMX (CRBNIN; 999 RESET NSBSMX IN SUB-ROUTINE
CRBNO and HISTORY FILE EDIT PROGRAM”
Content : Maximum value of burn-up steps 999 exceeds expected
value in CRBNO routine
Treat © Enlarge the dimension and the limit in CRBNO routine and
the related PARAMETER in the history editing code.
Detected in CRBNIN

1 E level “EXCFED NOFCMX (CRBNIN; 999 RESET NOFCMX IN SUB-ROUTINE
CRBNO and HISTORY FILE EDIT PROGRAM®

Content : Number of fuel element loaded in the core exceeds the
maximum value in CRBNO routine

Treat . Enlarge the dimension and the limit in CRBNO routine and
the related PARAMETER in the history editing code.

Detected in CRBNIN

Py
w
R

/4Y E level "EXCEED NOCCMX (CRBNIN) ©99 RESET NOCCMX IN SUB-ROUTINE
CRBNO and HISTORY FILE EDIT PROGRAM™ _
Content : Number of control element loaded in the core exceeds the
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Treat

Detected
5y E level

Content

Treat

I1I. Core Burnup and Fuel Management

maximum value in CRBNO routine

: Enlarge the dimension and the limit in CRBNO routine and

the related PARAMETER in the history editing code.
in CRBNIN

"EXCEED MAXNO (CRBNTZ) 999 RESET MAXNO 1IN SUB-ROUTINE
CREBNO™

© Number of non-fuel element loaded in the core exceeds the

maximun value in CRBNO routine

© Enlarge the dimension and the limit in CRBNO routine

Detected in CRENIZ

B) E level

Content :

Treat
Detected
7 E level
Treat
Detected
8 E level
Treat
Detected
9) FE level
Treat
Detected

10 E level

Content :
. Check the history file using the history file edit code,

Treat
Detected

{11} E level

Content

Treat
Detected

{127 E level

Content :

"EXCEED MAXTI  (CRBNIZ2) 9929 RESET MAXIIL IN SUB-ROUTINE
CRBNO™

Number of input cards for non-fuel element loaded in the
core exceeds the maximum value in CRBNG routine

: FEnlarge the dimension and the limit in CRBNO routine and

the related PARAMETER in the history editing code,
in CRBNIZ

"X-Y LOADING POSITION {(FUEL: is out of range (8,9.9,9)
Content

loading position of a fuel element is out of range
or up-side-down of top and end position.

» Verify LX(1;,LX@2),LY(1),LY{®Z) in BLOCK 5-1

in CRBNIZ

"X-Y LOADING POSITION {(CONTROL) 1s out of range (9.9,9.9)
Content :

Loading position of a control element is oul of range or
up side-down of top and end position.

© Verify LCX(1),LCX2,,.. ... LCYZ2) in BLOCK 6-1

in CREBNIZ

XY LOADING POSITION (NON-FUEL ) 1s out of range (9,9,9.9)
Content :

Loading position of a non-fuel elemant 1s out of range or
up-side-down of top and end position,

© Verify I1,12,1I3,I4 in BIOCK 7-2

in CRBNIZ

"NUMBER OF FUEL IS ZERO IN HISTORY FILE"
No fuel element 1s registered in the history file.

and 1f not yet, register the fuel elements.
in CRBNI

"FUEL, TYPE NUMBER IS NOT FOUND IN HISTORY FILE IDENT=
X¥KX

FUEL TYPE NO.=YY IF FUFL. TYPE NO.=-1 FUEL ELEMENT IS NOT
REGISTERED IN HISTORY FILE®

Fuel element 2O of type 99 is not found in the history
file. If type no.=-1, this element is not yet registered

: Classify the fuel element in the right type. or register

the fuel elements into the history file.
in CRBN1

"SYMMETRIC FUEL POSITION USED, BUT FUEL TYPE 1S NOT EQUAL
TO THE ORIGCINAL FUEL FURL ID=XXXX FUFL TYPE = 98 N.E.
TYPE (O )= 88"

Fuel type 99 of fuel element X30O{ 1s not identical with
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Treat

Detected
{13) W level
Content

Treat

Detected
{145 E level
Content
Treat
Detected

(15 B level

Content :

Treat
Detected
(165 E level
Content
Treat
Detected
(17) E level
Content
Treat
Detected

(18 E level

Content :

Treat
Detected

{19% E level

Content

Treat

. Check the c¢lassification of fuel

"SYMMETRIC  FUEL

: Fuel element XXXX on a symmetric position has

¢ Check member list of MACRO file whether

! Check number

"BURN-UP STEP  EXCEED  MAXTIMUM

> Number

: Number of burn-up steps in cell calculation

. Recalculation

"NO. OF NUCLIDED IN BURN-UP INFORMATION RECORD

Revised SRAC Code System

83 of the original fuel element,

type on the history
file. If no wrong classification, symmelric condition can
not utilized.

in CRBN1

POSITION USED, BUT FUEL XXXX) HAS NOT
SAME HISTORY OF ORIGINAL FUEL"

not the
same history of that on the original position.

1 Based on the degree of burn-up on the history file, using

the power level of the original file, burn—up and nuclide
concentration will be calculated,
in CRBNI1

"BURN- UGP INFORMATION RECORD IS NOT FOUND IN MACRO FILE

(FUEL TYPE IDENT == (XXXX) )~

: No member which has XXXX as cell identification is

found.

if the member
XAXXNDEN exists or not.

in CRBN1Z2

"BURN-UP STEP IN MACRO FILE NOT EQUAL TO ALL FUEL TYPE

BURN--UP INFORMATION RECORD X000 YYY

Burn-up step in cell call calation is not common
whole types of fuel elements

of burn-up steps, unit and steps in each
cell calculaticon. Rerun after unification.

in CRBN1Z2

through

BURN UP STEPS FUEL TYPE
(XXXX » SET = 888 NEEDED 9997
of burn-up steps in cell calculation exceeds the

expected value 1n CRBNO.

: Enlarge the dimension for burn-up steps and NBSIP wvalue

in CRBNO routine.
in CRENIZ

"BURN-UP  STEP IN MACRO FILE NOT EQUAL TO ALL FUEL TYPE

BURN-UP INFORMATION RECORD XoOOOOOO( 8888 9999

is unmatch
for all fuel type
cell burn-up with same burn-up steps for
each luel type

in CRENIZ

(MACRO
FILE IS NGT EQUAL TO HISTORY FILE XXCO00MX 9990 888857
Number of depleting nuclides in MACRO file is not identi-
cal with that in the history file.

: Check whether if the Garrison model is used or not in the

cell burn-up calculation.
in CRBN1Z2

"NO. OF DEPLETION ZONE 8888 TS TLFAGAL”

Multi depletion zone in cell burn -up calculation.
re-arrange burn-up 1information record by user program,

JAERI 1302
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Detected in CRENIZ

@05 E level "ZONE NO. IS NULL, X-REGION=XX, Y REGION=YY, Z-REGION=ZZ
CHECK INPUT (CRBNZZ:”
ELEMENT TYPE NO.~
Content : A zone defined by (XX.YY.Z7Z) is vacant.
Treat . Correct zohe mapping
Detected in CRBNZZ

@21 E level "XX000000( IS NOT FOUNDED IN HISTORY FILE. REGISTERED
TABLE IS FOLLOWINGS
Content : Material type name 1s not registered in record 2 or G of
the history file.
Treat . Correct Material type name
Detected 1in CRBNZ4

@2) E level "MEMBER 00000 IS NOT FOUND IN MACRO FILE"
Content @ The macroscopic cross section identified by XXOOXXX 1s
not found in the MACRO file.
Treat . Rename in MACRO file or create new member by a series of
cell burn-up calculation.
Detected 1in CRBN3 CRBNA CRBNG1

23) E level "RESET LENGB = 99929 IN SUBROUTINE CRBN®
Content @ Lack of memory to keep macroscopic cross section 1s
detected. Required as 99993,
Treat . Enlarge MEMORY in COREBN
Detected 1n CRBEN3

@4y E level "MEMBER OO00OIKKX ) READ BUFFER SIZE OVER REQUIRED = 83888
SET = 99999 CHANGE SUBROUTINE CRBN (I BUFFS = 99997
~ Content : lack of memory to keep macroscopic cross section 1is
detected. Required as 88888,
Treat : Change SUBROUTINE CRBN (IBUFFS = 93€9)
Detected 1n CREN4

(#5) E level "BURN-UP IS OUTSIDE BURN-UP TABLE. MEMBER (X(XX) BURN-UP
(MWD, CCH =99999.99 FUEL=(YYYYYYYY)
Content : Degree of burn-up for fuel element YYYYY is out-of-range
of tabulation.
Treat : Rerun cell burn-up calculation to include 993292.98 MWD/CC
Detected 1n CRBN4S CRBNGI

(27 E level "FUEL TEMPERATURE 1S OUTSIDE FUEL TEMPERATURE TABLE.
MEMBER 000000 FUEL TEMP (K :=99999.99 FUFL (OXXYYYY)
Content : Temperature of the fuel element XXXXYYYY identified by
WO 1s out-of ~-range of tabulation.
Treat . Correct the temperature for the fuel XXXXYYYY. Tempera-
ture is allowed between 300 K and 1600 K.
Detected 1in CRBN4G

©8) E level "MODERATOR TEMPERATURE IS OUTSIDE FUEL TEMPERATURE TABLE.
MEMBER O0CCOK ; FUEL, TEMP (K )=99929.99 FURL (XXXXYYYY )
Content | Moderator temperature of the fuel element XXXXYYYY iden-
tified by X30000XK is out-of-range of tabulaticn.
Treat . Correct the temperature for the fuel XXXXYYYY. Tempera-
ture is allowed between 300 K and 1600 K.
Detected in CRBN46
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(29) F level "BURN-UP TABLE 1LENGTH OVER MEMBER OO0COCOKK ) REQUIRED
—0009 set 8838 CHANGE SUBROUTINE CRBNG SeGENBZONEO@QQ
Content : Lack of memory to keep the tabulation of macroscoplic
cross sections encountered in interpolation for
the fuel element XXX
Treat : Fxpand the limiting value in CRBNO routine.
Detected in CRENGI

I11.1.10 JCL and modification of work area

A sample JCL for FACOM-380 is shown below.

//7J0LG  JOB

// EXEC JCLG

//SYSIN DD DATA.DLM="++"

// JUSFR  wmmmee YOUR CURRENT USER CARD

T.3C.1 .1 P.OTI.3
OFTP MSOCLASS=X,NOTIFY=JXXXX . PASSWORD=XX
// EXEC 1LMGO,PNM-HISTZ,1.M-J1480 . COREBNZ
//FT11F001 DD DSN-&XPSLIR, UNTT=WK10,DISP=(,PASS ), SPACE= (TRX, (10,10}
//USERFDS DD DSN- JXXXX.MACRO.DATA,DISP=SHR ==== MACRO PDS FILE ====
//SYSIN DD+
93 011 / Pbs TO PS
/¥
// EXEC LMGO,PNM-CRBNZ,1M=J1480 . COREBNZ
//FTOBFO01 DD SYSOUT=+
//SYSIN DD DSN=JXXXX.INPUT.DATA,DISP-SHR ==== YOUR INPUT DATA ====
//FTOLF001 DD SPACE= (TRK, (30,10} ), UNIT=WK10
//FTO2F0O01 DD SPACE= (TRK, (30,10 ),UNIT=WK10
//FTO3F001 DD SPACE=(TRK, (30,10 ;,INIT=WK10
//FTOOFGO1 DD SPACE= (TRK, (30,10} ),UNIT=WK10 ==== FLUX FILE ====
//FT10FC01 DD SPACE=(TRK, (30,10}, UNIT=WK10
//FT11FO01 DD SPACE=(TRK. (30,10); ,UNIT=WKI10
//«FT13F001 DD SPACE-(TRK, (30,10)),UNIT=WKI0 ==== RESTART FILE 1 ====
//FT14F001 DD SPACE= (TRK, (30,10, UNIT=WK10
//FT15F001 DD SPACE=(TRK, (30,10, UNIT=WK10
//FT16F001 DD SPACE= (TRK, (30,10)),UNIT=WK10
//FT19F001 BD SPACE= (TRK, (30,10 ), UNIT=WK10
//FT20F001 DD SPACE=(TRK, (30,10 ),UNIT=WK10
//FTe8F001 DD SPACE= (TRK, (30,10, UNIET=WK10
//FT31F001 DD SPACE= (TRK, (10,10} ),UNIT=WK10,
174 DCB= (RECFM=FB,LRECL=80, BLKSIZFE-3200 )

//FT89F001 DD SPACE= (TRK, (30,10 ), UNIT=WK10

//FTQOF001 DD DSN-&XPSLIB.UNIT=WK10,DISP={(CLD,DELETE} ==== MACRO ====
//FTQIF001 DD SPACE=(TRK, (2,1} .UNIT=WK10,

Va4 DCB= {RECFM=FB,LREC|=80 . BLKSIZE=3200

//FTSPFO0T DD DSN-JXOO( HISTI .DATA,DISP=SHR ==== HISTORY OLD ====
//FTS3F0G1 DD DSN-JXXXX. HISTE.DATA,DISP=SHR ==== HISTORY NEW ====
//FT84F001 DD SPACE= {TRK, (2,1 ),UNIT=WK10,

Vi DCB= (RECFM=IB , LRECL =80, BLKSIZE=3200

//FT9F001 DD SPACE=(TRK, (2.1, UNIT=WK10,

/o DCB- {RECFM=FB,LRECL=-80,BLKSIZ=3200 ;

//FTOBF001 DD SPACE= (TRK, (30,10) ), UNIT=WK10

//FT9TF001 DD SPACE=(TRK, (30,10, UNIT=WKIO

//+FT98F001 DD SPACE= (TRK. (30,10 ,UNIT=WK10 =-== RESTART FILE-Z ====
//FT9OFC01 DD SYSOUT=+ ,DCB= (RECFM=FBA, L RECL=137,BLKSIZE=13700)
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++

/S

The code is principally organized to run on variable dimensioning.
The current version uses 80,000 words as the work area. The following
JCL permits the use of larger area, if required. As shown in the list
of error messages, certaln variable arrays have fixed sizes which are
defined in the CRBNO routine. If any restriction is changed. the
corresponding restriction in the history file edit code have to be
changed.

//JCLG JOB

/7 EXEC JCLG

//SYSIN DD DATA,DLM="++"

A7 JUSER S - YUR CURRENT USER CARD

T.5C.3W.1P.0ILIDb
OPTP MSGCLASS-X,NOTIFY=JXXXX,PASSWORD=XX
//  EXEC FORTTY

CORE: BURN-UP MAIN ROUTINE

C
C
C
C FOR THE EXECUTION OF CORE-BURN WITH ENLARGED CORE STORAGE,
C CHANGE THE ARRAY LENGTH OF BLANK COMMON / /
c FROM 60,000 WORDS TO DESIRED VALUE,
C AND SET THE VARTABLE "MEMORY™ TO THIS VALUE
C .
P COMMON / / ARAY (600000 )
C
> MEMORY = 600000
CALL CREN (ARAY ,MEMORY , 1)
STOP
END
// EXEC LKEDIT,CNTL=NO,MODS="200,10,1" ,WORK5="200,10",
7/ A="OVLY " ,1M=J1480.COREBNZ
//SYSIN DD DSN--J148C.COREBNZ . OVERLAY , DISP=SHR
// EXEC IMGO,PNM-HISTZ,LM-J1480. COREBNZ
//FT11F001 DD DSN=&&PSLIB,UNIT=WKi0,DISP=(,PASS),SPACE=(TRK, {10,10)>

//USERPDS DD DSN=JX3K .MACRO .DATA ,DISP=SHR ==== MACRO FDS FILE ====
S/SYSIN DD
99 0 11 / PDS TO PS
Ve
// EXFC GO.PNM=CRBN?
/I
/74 DD STATEMENTS FOLLOWS
///*
ot
s

I11.1.11 Sample 1nput data
A sample input data is shown below.

JMIR CORE BURN-UP CALCULATION 12 CYCLE

CONTROL. ROD FULL UP 2-D CALCULATION { 4 STEPS RUN ) / BLOCK 1
1 1227 0 4830701830818 ¢ 0 0 1 3 1 032, 35. /BLOCK?Z2
12.084.0 2/96.0; 0.0 / BLOCK 3
5{.3333333) / BLOCK 4
FUFLA-O1 4 4 5 6 1 -1 1 O / BLOCK ©
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FUFLA-05 4 4 5 6 1 -1 1 1t/ SYMMEIRIC FUEL / BLOCK 5

AREFAOOO / ALL ZONE FILLED AL REFLECTOR / BLOCK 7-1
BEREFACO / BE REFLECTOR / BLOCK T-1
3 3 3 11 1 / BLOCK 7-2
3 8 3 31 / BLOCK 7-2
3 811 11 1 / BLOCK 7-2
6 00 0O O / TERMINATED / BLOCK 7-2

——— IRADIATION ELEMENT LOADING DATA ——-
/ BLOCK 7-1 TERMINATED / BLOCK 7-1
001
0t ooo6o01100O0O0O0CO0O0COO0OCO0OO0CT1 O00O0O®O0
1 1 1 1 0 1 1
200 4
1.5 0.1
003

1
5.0 E-4 1.0
0.0 0.0

0z4

11.162 E-3
999
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I11.Z2 History File Edit Code for COREBN

An edit code is available for the history file of the COREBN code
described in the previous section. It permits update and edit of the
file.

I1T.2.1 Functions

File update

(a) Initialization and update of core geometory and materials
Register the header, core geomelry, materials and their component
nuclides and clean-up the required information,
Update core geometory or materials,

{b) Register or update of fuel element type specification

{c) Register or update of non-fuel element type

Register or update of non-fuel element ({control element) and
malterials {refleclor)

(d) Register or update of individual fuel element
Register, update or delete the particular fuel element
{e) Obsolete the operation record
Obseclete the old operation record or delete the record for
the latest operations for recalculation. Corresponding information
in the relevant elements is also deleted.
File edit
{a) Print of core geometry. materials and their component nuclides
{(b) Print of operation record.
(e) Print of fuel type specification
{d} Print of non-fuel type specification
(e} Print of individual fuel information
(f) List of operation records

(g) List of fuel elements

{h) Print nuclide concentrations on tabulation
The results of cell burn-up calculation

{1) List of degree of burn-up for fuel elements lcaded in the core
before and after the operation together with the increase of
burn-up.

{(j) List of Z-axis structure for fuel and non-fuel element type
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(k) Convert from PDS file of MACRO to PS-file for COREBN code

II1.2.2 Input specifications

All input read from FT05 may be fed in "free format™ described 1in
I1.1. The input is organized to feed, feed the selection of the
function, then the specification of the function. More than one
functions are avallable in a job.

Block G-1 General form of function selection 73/

IMOD Selection of function
=0 Terminate of the job
=1 Initialization or update of core geometory or materials
=2 Register and update of fuel element Llype
=3 Register and update of non-fuel element
=4 Register and update of individual fuel element
=5 Delete of operation record
=65 Print—out of reactor geometry and nuclides
=7 Print-out of operation records
=8 Print-out of fuel elensent type
=3 Print-out of non-fuel element
=10 Print-out of individual fuel element
=11 List of operation records
=12 List of fuel elements
=13 Print-out of change of nuclide concentrations during

burn-up

=14 List of degree of burn-up of fuel elements loaded 1in the
reacltor

=15 List of Z-axis structure for fuel and non-fuel elements
type

=09 PDS file of MACRO to PS-file for COREBN code

NHISH Logical device number for the old history file !
Enter any two-digit number except 01.05,06

NHISZ2 Logical device number for the new history file :
Fnter any two-digit number except 01,05,06 or NHIS!.

(1) Initialization or update of core geometory or materials

Rlock 1-1 Function 3/
IMOD Enter 1
NHISI If history file is updated , logical device number for the

old history file :
Enter any two-digit number except 01,055,006

NHISZ Logical device number for the initialized flle or new one !
Enter any two-digit number except 01,095,086 or NHISIT.

Block 1-2 Header JAT2 A2/
HEADER Any characters in two cards
Block 1-3 Control data i

IGEOM Geometry
-1 to 5 Not available
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=6 2D slab X-Y)

=7 2D cylinder (R-Z)

=8 2D circle (8-R)

=89 2D hexagonal (H)
=10 2D triangular {T)
=11 3D slab X-Y-Z)

=12 3D cylinder (0-R-Z)
=13 3D hexagonal H-7)
=14 3D triangular (T-Z)

If IGEOM 1s negative value , core geometory is updated and
Block's 1-4 through 1-9 data are needed for update of core

geomebLory.
NREGI Number of region in X-direction
NREGJ Number of region in Y-direction

NREGKB Number of region in Z-direction; enter O except 3D geometry.

NMAT Number of materials used in the core burn-up calculations.
Count one for the fuel elements of the same type even if
they are in different burn-up steps.

If material information is update , NMAT must be negative
value and INMATI is number of materials for update. In this
case only Block 1-13 is needed.

NTNUC Number of depleting nuclides that 1is treated in burn-up
calculations by SRAC code.
If NTNUC 1s zero , it is set by 15 and tLhe nucllde names are
UGS U06 T u0gt, PUQ T PUO, PULT, T PUZC XED',
SMaT L F5N FSS',' FBR \ FQN’,' FQS and ' FQR . If NTNUC
is not zero, Block 1-11 is needed.

NHVNUC Nuwmber of heavy nuclides for the Inventory calculation in
the depleting nuclides.
If NHVNUC is zero, heavy nuclides are automaticaly selected
from the depletlng nuclides by comparison of heavy nucllde
name table in the code. Contents of this table are " THZ ",
PAZ™," U03",” Uo4"," U0B"," U0, uos-, PU9", FUO" .,
FU1" and 'PU2'.

Block 1-4 Number of mesh division in X-direction /NREGE A

NMESHX Number of intervals by region

Block 1-5 Size in X-direction /NREGI /
X Widths by region in cm
Block 1-8 Number of mesh division in Y-direction SNREGI S

NMESHY Number of intervals 1n a region
Block 1-7 Size in Y-direction /NREGJ 7

YY Widths by region in cm
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Block 1-8 Number of mesh division in Z-direction , 3D only /NREGKB,

NMESHYZ Number of intervals in a region
Block 1-9 Size in Z-direction , 3D only /NREGKB/
Z7 Widths by region in cm
Block 1-10 Material identification and volume NMAT times /A8.1.,2/
MATNM Member name on MACRO file

TFORS Option of fuel or other materials

>0 fuel =0 not fuel
VOLFS Volume in cm® which is used to convert the degree

of burn-up given in MW 1into Md/cm® . (The average power
density of homogenized fuel region)

Note. Among NMAT materials, non-fuel materials must he fed first.
For non-fuel materials, as VOLFS is insignificant, set 1.0.
For the internal black absorber used in the CITATION routine,
give arbitrary name and enter -1.0 as VOLFS.

VOLFR Volume fraction of fuel meat in a homogenized fuel region
which is used to convert Xe concentration in fuel meat
into that in an element.

Block 1-11 Depleting nuclide names , if NINUC > G /NTNUC+A4/
NISO Depleting nuclides name treated on SRAC code
Note. This name may be fed in “character free format”. “Character

free format” permits only repeat of character strings. Blank
and comma are deliminator . n{ccce) is that character string
‘cecce’ 1s repeated by n times.

Block 1-12 Heavy nuclide names , if NHVNUC > O /NHVYNUC+ A4,/
THVNUC Heavy nuclide name for inventory calculation

Note. This name may be fed in “character free format™ and selected
from the heavy nuclide table on this code described above.

Block 1-13 Material identification update data ., INMATI times /2A8.1,2/

MATNMO 0ld member name on MACRO file
If MATNMO and MATNMN is not BLANK , MATNMO is changed.
If MATNMO is BLANK . MATNMN is added.
IF MATNMN is BLANK ., MATNMO is deleted.

MATNMM New member name on MACRO file

IFORS See Block 1-10
VOLFS See Block 1-10
VOLFR See Block 1-10

(2) Register and update of fuel elment type
Block 2-1 Function /37

IMOD Enter 2
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NHIS! Logical device number for the old history file :
Enter any two-digit number except 01,05,06
NHISZ Logical device number for the new history file :

Enter any two-digit number except 01,05,08 or NHISI.

Block 2-2 Option

T10PT Selection of register or update J1/

=1 Register of a new fuel element type
=2 Correction of an old fuel element type
=0 Terminate of Block 2

Following Block 2-3 group is required if IOPT=1 is entered.

Block 2-3-1 Specification of fuel type /A8,2.0/

FTCOM1 Identification of fuel element type

NRKF Number of nodes, set [ if in 2D.

NRK1 Number of nodes of depleting material, set 1 if in 2D.
Block 2-3-2 Volumes of nodes of depleting material /NRK1/
VOLF1 Volumes of nodes of depleting materials in om® which are

used to calculate the inventory of depleting nuclides
Block 2-3-3 Weights by nuclide in a node /NHVNUC=NRK1 /
TZINVI {1,K} Weight of nuclide I in gram in the node K

Nuclides are setted in the order by the array given in Block

1-3.

When the nuclide concentration in a fuel element will be registered
by Block 4.3.3, all of this entry may be filled by null values.

Block 2-3-4 Material specifications by node /NRKF+A8,/

MATSP The material name in the array given in Block 1-10. Enter by
"character free format’.

Block 2-2 will be read after Block 2-3-4.
Following Block 2-4 group is required if TOPT=2 is entered.
Block 2-4-1 Specification of fuel type /208,2.0/

FTCOMN New identification of fuel element type which you want to
change. Set blank if no change on ID is required.

FTCOMO Identification of fuel element type in the old file which
you want to change.

NRKF Number of nodes, set 0 if no change.

NRK1 Number of nodes of depleting material, set O if no change.
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Block 2-4-2 Volumes of nodes of depleting material /NRK1/

YOLF1 Volunes of nodes of depleting materials in en . Give
non-zero value only for the node on which the correction is
required.

Block 2-4-3 Weights by nuclide in a node /NHVNUC+NRK1 /

TZINV1 (I,K) Weight of nuclide I in gram in the node K. Give non-zero
value only for the node on which the correction is required.

Block 2-4-4 Material specifications by node /NRKEF+AS/
MATSP The material name in the array given in Block 1-10.
Enter by "character free format’.
Give blank if no change is required in the node.
Block 2-2 will be read after Block 2-4-4.
Note. If wvolume of nodes of depleting materials are changed, related
value (ex. Weight of nuclide in node , Degree of burn-up and

nuclides density by node of the fuel element of this type.) are
automatically corrected by volume average calculation.

(3) Register and update of non-fuel element type

Block 3-1 Function /3
IMOD Enter 3
NHIS1 Logical device number for the old history file
Fnter any two-digit number except 01.05,06
NHISZ logical device number for the new history file :
Enter any two-digit number except 01,05,06 or NHISI.
Rlock 32 Option Yavé
IOFPT Selection of register or update

-1 Register of a new non-fuel element
-2 Correction of an old non-fuel element
-0 Terminate of Block 3
Following Block 3-3 group is required if JOPT=1 is entered.
Block 3-3-1 Specification of non-fuel element /A8,1.0/

OTCOM1 Identification of non-fuel element type

NRKO Numher of nodes, set 1 if in 2D.
Block 3-3-2 Material specifications by node /NRKO=A8/
MATSP The material name in the array given in Block 1-10.

Enter by “character free format’.
Block 3-2 will be read after Block 3-3-2.

Following Block 3-4 group is required 1if I0PT=2 is entered.
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Block 3-4-1 Specification of non-fuel element /288,1.,0/

OQTCOMN New identification of element type which you want to change.
Set blank if no change is required

O1TCOMO identification of element type in the old file which
you want to change.

NRKO Number of nodes, set O if no change is required
Block 3-4-2 Material specifications by node /NRKQ/
MATSP The material name in the array given in Block 1-10,
Enter by ’“character free format’ . Set blank if no change is
required

Block 3-2 will be read after Block 3-4-2.

(4) Register and update of individuzl fuel element

Block 4-1 Function J37
IMOD Enter 4
NHIS1 Logical device number for the old history file :

Enter any two-digit number except 01.05.06

NHISZ Logical device number for the new history file :
Enter any two-digit number except 01,05.06 or NHIS!.

Block 4-2 Option Yavi
IOPT Selection of register or update
=1 Register of a new fuel element
=2 Correction of an old fuel element
=3 Deletion of a fuel element
=0 Terminate of Block 4
Following Block 4-3 group is required 1if TOPT=1 is entered.
Block 4-3-1 Specification of fuel element /88,4X,48.0.2/
IDENT Identification of fuel element
NFTYPE Fuel element type identification specified in Block 2-3
BURNUP (1} Degree of burn-up of the element (MWD element )
BURNUP (2 Degree of burn-up of the element (fraction of U-235 burnt)
If a blank IDENT is encountered. the process is terminated and

the next function card is read.

Block 4-3 2 Degree of burn-up by node {required only for 3-D



106 Revised SRAC Code System JAERI 1302

calculation) /exNRK1,/

BURNUZ (1,1) Degree of burn-up of the first node in MWD/ncde
BURNUZ (2.1 Degree of burn-up of the first node in U-235 fraction
BURNUZ. (1.2 Degree of burn-up of the second node in MWD,/node
BURNUZ (2,2 Degree of burn-up of the second node in U-235 fraction
BURNUZ (1,NRK1 ) Degree of burn-up of the last node in MWD/node

BURNUZ (2,NRK1 ) Degree of burn-up of the last node in U-235 fraction

Block 4-3-3 Nuclide density by node (10P*cm™) /NTNUC+NRK1,/
ZINV{1,1) Nuclide density of the 1st nuclide in the 1st node
ZINV{Z2.1) Nuclide density of the 2nd nuclide in the 1st node

ZINVININUC.1)  Nuclide density of the last nuclide in the Ist node
ZINV (1 ,NRK1) Nuclide density of the Ist nuclide in the last node
ZINV (2, ,NRK1 ; Nuclide density of the 2nd nuclide in the last node

ZINV (NTNUC,NRK1 ) Nuclide density of the last nuclide in the last node

If in 2D geometry, assume NRK1=1. When the specification of the
nuclide density has been set by Block 2-3 -3, all entries in this
item must be filled by null values.

Repeat Block's 4-3-1 throgh 4-3-3 until a blank IDENT is
encountered in Block 4-3-1.

Following Block 4-4 group is required 1if IOPT=2 is entered,
Block 4-4-1 Specification of fuel element to be corrected /A8.4.0/
IDENT Identification of fuel element which you want to change.

ICOR(1 ) Indicator to correct the element ID
=0 no change
>0 change

ICORZ > Indicator to correct the element type
=0 no change
>0 change

ICOR{3) Indicator to correct the degree of burn-up
=0 no change
>0 change

ICORA) Indicator to correct the nuclide densities
=0 no change
>0 change
Note: The non-zero value for items ICOR{1), ICOR{Z2), and ICOR{4)
is accepted only for fresh fuel element.
Ident must be in registered order.

Block 4-4-2  Element ID correction, required if ICOR(1)>0 JAB/

TDENT1 Fuel element identification
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Block 4-4-3 Element type correction, required if ICOR{(Z2)>0 /A8
NETYP1 Fuel element type identification
Block 4-4-4 Degree of burn-up, required if ICOR(3;>0 /27

BURNU1 {1 ) Degree of burn-up in MWD/ /element
BURNU1 (2 Degree of burn-up in U-235 fraction
If null value is entered, no correction will be made.

Block 445 Degree of burn-up by node, required if ICOR{3)>0
/2+«NRK1,/

BURNUZ (1,1 Degree of burn-up of the first node in MWD/node
BURNUZ (2,1 Degree of burn-up of the first node in U-235 fraction
BURNUZ (1,2 Degree of burn-up of the second node in MWD/node
BURNUZ (2,2 Degree of burn-up of the second node in U-235 fraction
BURNUZ (1 ,NRK1 } Degree of burn-up of the last node in MWD/node

BURNUZ (2,NRK1 ) Degree of burn-up of the last node in U-235 fraction

Block 4-4-6 Nuclide density by node (10%*cm™) /NTNUG*NRK1/
ZINV(1,1) Nuclide density of the 1st nuclide in the 1st node
ZINV{Z,1) Nuclide density of the 2nd nuclide in the 1st node

ZINVININUC, 1) Nuclide density of the last nuclide in the lst node

ZINV (1 ,NRK1 ) Nuclide density of the lst nuclide in the last node
ZINV (2 ,NRK1) Nuclide density of the 2nd nuclide in the last node

ZINV (NTNUC.NRK1 ) Nuclide density of the last nuclide in the last node

In 2D geometry, assume NRK1=1. If any null value is entered. no
correction will be made.

Repeat Block's 4-4-1 through 4-4-6 until a blank 1DENT is
encounitered in Block 4-4-1.

Block 4-5 Deletion of elements /A8,1,0/
(required if IOPT=3 in Block 4-2)

IDENT1 Identification of fuel element

NSEQ Position of this element in the history file. Fuel element
position is defined by registered order.

Repeat Block 4-5 until blank IDENT! and NSEQ=0 are encountered.

(5) Deletion of operation record

Block 5-1 Function /37
IMOD Enter 5
NHIS1 Logical device number for the old histery file :

Fnter any two-digit number except 01,05,06
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NHIS2 Logical device number for the new history file
Fnter any two-digit number except 01,05,06 or NHISI.
Block 5-2  Batch numbers /27
NBACH1 First batch number to be deleted

NBACHZ Last batch number to be deleted

The operation records for the batches starting from NBACH1 to NBACHZ
will be deleted from the history file. If the latest batch record is
deleted, the degree of burn-up of individual elements is not replaced
to the latest of the remaining ones, then the correction is required.

(6) Print-out of reactor geometry and nuclide table

Block 6-1 Function /3/
IMOD Enter ©
NHIS! Logical device number for the history file

Enter any two-digit number except 01,05,06
NHISZ Dummy number

() Print-out of operation records

Block 7-1 Function /3/
IMOD Enter 7
NHISI lLogical device number for the history file :
Enter any two-digit number except 01,05,06
NHISZ Dummy number
Block 7-2 Selection of items /27
10PT Selection of items

=0 termination of Block 7

=1 List of all operation records
=2 List of the record of a cycle
=3 List of the record of a batch

ICBNO Set 0 1f I0PT=1
Cycle number if IOPT-2
Batch number 1if I0PT=3
Repeat Block 7-2 as required.

(8) Print-out of records for fuel element type

Block 8-1 Function /B3
IMOD Enter 8
NHIS1 logical device number for the history file :

Enter any two-digit number except 01,095,086
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Durmy number

(9) Print-out of records for non-fuel element

Block 9-1
IMOD

NHISI

NHISZ2

Function /3/

Enter 9

Logical device number for the history file :
Fnter any two-digit number except 01.05.06

Dummy number

(10) Print-out of records for individual element

Block 10-1 Function /37
IMOD Enter 10

NHIS1 Logical device number for the history file @

Enter any two-digit number except 01,05,06

NHISZ Dummy number
Block 10-2 Selection of element /A8,1.0/
IDENTL Identification of an element to be printed

IOPT Selection of 1tems

=0 Termination of Block 10

=+-] List of all elements

=+ 2 List of the specified element

If a negative value is entered. the content of the fuel
history will not be printed.

Repeat Block 10-2 as required.

(11) List of operation records

Block 11-1 Function /3
IMOD Enter 11
NHIS! logical device number for the history file :

NHISZ

Enter any two-digit number except 01.05.06

Dummy number

(12) List of fuel elements

Block 12-1 Function /37
IMOD Enter 12
NHISI logical device number for the history file :

Enter any two-digit number except 01.05,08
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NHISZ Duminy number

(13) Print and plot file creation of nuclide densities

Block 13-1 Function /3/
IMOD Enter 13
NHIS! logical device number for the history file :

Enter any two-digit number except 01,05,06

NHISZ logical device number for plotting file.
Enter 0 if plot is not required.

Note. Plotting file is created for last member only and file format
is dynamic file of the GPLP code.

Block 13-2 Member name JAL/
MEMBER Heading four characters of the member name in MACRO file of
PDS format. since the member storing the nuclide densities
has the fixed string 'NDEN' at the tail position. If this

function is used , DD name of 'MACRO’ is needed in the JCL
statement..

Rlock 13 will be terminated by entering a blank MFMBER.

(14) List of degree of burn-up in the reactor core

Block 14-1 Function /37
IMOD Enter 14
NHIS! Logical device number for the history file storing

the information before a batch.

NHISZ logical device number for the history file storing the
information after a batch.

(15) List of Z-axis structure for fuel and non-fuel element type

Block 15-1 Function /37
IMCD Enter 15
NHIS1 Logical device number for the history file !

Enter any two-digit number except 01.05,06
NHISZ2 Dummy number
{99) Convert from PDS file of MACRO to PS-file for COREBN code
Block 99-1 Function /3/
IMOD Enter 99

NHISI Dummy number
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NHISZ Logical device number for the PS-file : FEnter any two-digit
number except 01,05,06 When this function iz used , DD name
of "USERPDS’ is needed in the JCIL. statement.

111.2.3 Sample JCL and input of history file edit code

Sample JCL and input data is shown below,

//JCLG  JOB

// EXEC JCLG

//SYSIN DD DATA,DLM="++"

// JUSER  ———- YOUR CURRENT USER CARD

T.1C.1wW2P0OI.0

OPTP PASSWORD=X3XX, NOTIFY=J9999

//HIST EXEC LMCGO,PNM-HISTZ2.1M=J1480.CORFENZ
//FTO1F001 DD SPACE=(TRK, (10,1},RLSE ), UNIT=WK10
//FT10FCGO1 DD SPACE= (TRK, (10.1),RLSE),UNIT=WK10
//FTH1FC01 DD SPACE- (TRK, (10,1),RLSE ), UNIT=WK10
//FT12F001 DD SPACE- (TRK, (10,1),RLSE ), UNIT=WK10
//FT13F001 DD DSN=J9999.HISTZ2D. DATA, DISP=0LD

J/SYSIN G DD *

1 010 / BLOCK 1- 1
JMIR CORF BURN-UP CALCULATION / BLOCK 1- 2
2-DIMENSIONAL CALCULATION

6 813 0 17 0 0O / BLOCK 1- 3
2 4 824 32 / BLOCK 1- 4
3(15.44) 27.72) 3(3.86) / BLOCK 1- 5
2 4 8 422 4 22) 4 8 4 2 / BLOCK 1- 6
3(15.44) 7.72 2(3.86) 7.2 2(3.86) T.72 3(15.44 / BLOCK 1- 77
IRATACOO O 1.0 1.0 / BLOCK 1-10
IRAZAOO00 0 1.0 1.0

--— material name data ——-—

SOXXAX00 1 110476.6131 0.09484315

2 10 11 / BLOCK 2-1
1 / BLCCK 2-2
STFUZ79G 1 | / BLOCK 2-3-1
APS 3bh / BLOCK 2-3-2
7{(0.0) / BLOCK 2-3-3
SOXXAX00 / BLOCK 2-3-4
——— QOTHER FUEL TYPE DATA ——

0 / TERMINATED / BLOCK 2-2
311 12 / BLOCK 3-1
1 / BLOCK 3-2
B-REFEAQ 1 / BLOCK 3-3-1
BREFAQOO / BLOCK 3-3-2
. TRADIATION AND REFLECTOR CONTROL ELEMENT DATA —-——

0 / TERMINATED / BLOCK 3-2
4 12 13 / BLOCK 4-1
i / BLOCK 4-2
FUELA-O1 STFUZ79G 2(0.0) / BLOCK 4-3-1

1.6811E-3 .0 1.2495E-4 12(0.0) / BLOCK 4-3-3
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——— INDIVIDUAL FUEL ELFMENT DATA ——-

6 13
8 13
9 13
10 13

0 0
SE
Vs

OO oo

2(0.0) / TERMINATED
/ GEOMETRY LISTING
/ FUFL. STRUCTURE LISTING
/ COMPONENT STRUCTURE LISTING
/ FUFL ELEMENT LISTING
1 / ALL FUEL LIST
0 / TERMINATED
/ JOB TERMINATED

JAERI 1302

/ BLOCK 10-
/ BLOCK 11-1

/ BLOCK G-1
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IV User Information

IV.1 Core Storage and Machine Time Requirement

The SRAC is designed to work normally within 2000 KB core (C2
rank). The standard load module with 240 KB (60,000 words” work area
requires 500 KB as program size. The remaining area may be used as I/0
buffer area. The accumulation of the grapb plotter output may cause the
shortage of core extent when the NLP plotter is used. It is to be noted
that any routine which may require a large amount of core storage
shares the labelled common /WORK/ as work area. At each entry point of
such a routine. the storage requirement is announced in message print.
If the user wants to extend the core requirement. the following proce—
dure may be used to create a temporary module with enlarged work area.

*********1*$*$$+$***2$*******$3$****$***4$*$*x***35k#*#*****6***$****7
/7JCLG JOB
// EXEC JCLG
//SYSIN DD DATA.DLM-" =+~
/7 JUSER 00931480 . KE. TUTIHAST ., 0434 . 100
T.3C.2W.01.5
OPTPMSGCLASS-R, PASSWORD-77
//  EXEC FORT((, A=-NOSOURCE
//SYSIN DD = ; '
Costs+FXECTTION OF LARGE CASE NEEDS MODIFICATION OF DIMENSIONS stk
Cootx+SPECIFIED IN THE FOLLOWING MAIN PROGRAM seotosoododosomforofofdofor dotor
COMMON /MAING TOPT (95 ), MEMORY
COMMON /WORK,” A (B000O )
COMMON /TWI1C/ CC(1),1.IM1,TAA (4000}
COMMON /SN1C/ BB(1),LIMZ,IBB (1000}
COMMON /CITIC/ DD(8),LIM3, 1DD {4000}
LIM1-4000
LIMZ2::1000
LIM3-=4000
CALL DTLIST :
CALL FRRSET (#02,206,10.2,1)
CALL. ICLEA:IOPT,2000,0)
MEMORY =60000
CALL SRAC
STOP
END
f/ *
4 FXEC 1 KED77.A=OVLY,B=NOLIST,GPLIB=PNL ,CNTL=NO
//LINK . SYSLMCD DD DSN=%LI M, SPACE= (TRK, (90,10,1 ) ,RLSk ),
s DCB:QBLKSIZEZIQOBQ,RECFM:U),UNIT:WKlO,DISP:{NEW,PASS,DELETE)
//LINK.OLDIM BD DEN--J1480 . SRACLM.1.0AD,DISP=SHR,LABFL .- (,, . IN)
//LINK.SYSIN DD DSN-J]480.0VERLAYH.DATA(SRAC5},DISP:SHR,LABEL:(.,,IN]
//SRAC EXEC GO, PNM-SRACS

//*w*#%**é?*+hi*xﬂ+$*****%*$********$****ﬁ%*****#***$k$*******$**$*
. //* *

S DI} STATEMENTS for GO STEP follows *

S/ *

f/***$**%#$**#¢$+$?$*+*$$$*$*x***********$$%$$**%%$#$**$***$$*ﬁ****

++

//

The machine time requirement varies in large scale by the number of
energy groups, the geometry {(specially 1D or 2D}, the number of spatial
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division, and the repetitive cell calculations by burn-up step. Also
the use of PDS files which is always accompanied by file open/close
process at each read/write execution increases the core time (not cpu
time ).

For example a series of burn-up calculation for a DIDO type lattice
cell consumes 3 cpu minutes by FACOM M-380 computer by the following
specifications.

Geometry : One dimensional cylinder
18 groups, 19 spatial regions in fasl range
4 groups, 19 spatial regions 1n resonance range
31 groups, - 25 spatial regions in thermal range
Method : Collision probability ( in fast, thermal’
also in resonance range by 4,000 energy pts. 18 region
collision probability method
Number of burn-up steps @ 6 (including fresh step)

In the above example the computer time is almost used in the one
dimensional numerical integration for collision probabilities. It is to
be noted that the another process for resonance integral by IR method
needs the same order of computing time as the exact method, because the
latter process saves the computing time for collision probability
calculation by interpolation of the tabulated values vhich correspond
to 11 group calculation.

Anolher series of similar calculations for a MR type fuel plate
cell requires only 20 cpu seconds due to the analytical expression of
collision probability for one dimensional slab, and fewer spatial
division (3 regions}.

It is not necessary to mention about the machine time requirement
for the well experienced routines ANISN, TWOTRAN. and CITATION,
however, we should mention about the one dimensional diffusion routine
TUD sometimes requires several ten cpu seconds when it is used in 60-70
group structure ¢ 30-40 thermal groups) for a well reflected core due
to slow convergence in thermal flux distribution.

IV.2 Job Control Statements

The following list is an example of JCL for FACOM M-380 computer,
where the DD statements listed are available for all possible combina-
tions of installed routines. Several files which are used in work area
may be replaced by catalogued file.

*******%*1*******#**2*********3$********4******z**5***#*****6********7*
//JCLG JOB
// EXEC JCLG
//SYSIN DD DATA,.DLM-="++"
// JUSER 00931480, KF, TUTTHAST , 0434 1100

T.3C.2W.01.3GRP
QPTP MSGCLASS=R, PASSWORD=TTTTT
//SRAC EXEC LMGO,IM="J1480.SRACS" ,PNM=SRACH, A= "HIO=(15)"
// EXPAND GRNLP,SYSOUT=M
//FTOIFO01 Db DEN-X&WRKO1 . SPACE= (TRK, (30,10}, UNIT=-WK10,
/ DCB>(RECFM;VBS,BLKSIZE:8164,LRECL:BIGO,BUFNOtE}
//FTOZF001 DD DSN-&IWRKOZ, SPACE= (TRK, (30,10 3, UNIT=WK10,
yod DCB;(RECFM:VBS,BLKSIZE:8164,LRECL:8160,BUFNO:Z}
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//FTO3FO01
//FTOAF001

7/
/ /+FTOTFO01
Yok
/¥
/ /FTOSFO01

s
/?FTOQFOOI

S/
//FT10F001

/
//FT11F001
/Y
//FT12F001

s
//FT14F001
//
//FT15F001
//FT16[F001

s
//FT18F001

//
//FT19F001

/7
//FT21F001
7
//FTe2r001
/Y
//FT2BrF001

4
//FT28F001

/7
//FT31F001
/f
//FT32F001
/7
//FT33F001
V4
//FTS0F001
//FT51F001
/7
//FTS52F001

/7
//FT81F001
4
//FT82F001

//
4/FT83F001

s
//FTS1F001

//
//FTS2F001

4
//FT9arF001
//FASTP
e

IV. User Information

DD DSN-8&WRKO3, SPACE= (TRK, (30,10} ), UNIT=WK10.
DCB- (RECFM=VBS, BLKSIZE-8164 , LRECL=8160, BUFNO-2)
DD DSN=&&WRKO4 , SPACE: (TRK, (30,10 ),UNIT=WK10,
DCB= (RECFM=VBS, BLKSIZF=8164, LRECL=-8160, BUFNO=2 )
DD DSN-J1480. BURNRSRT . DATA , SPACE= (TRK, (5.2} ,RLSE),
UNTT=TSSWK, DISP= (NFW,CATLG, DELETE ), )
DCB-= (RECFM=FB, BLKSIZE=3200, LRECI. =80

DD DSN-=R&WRKOS, SPACE= (TRK ., (30,10} »,UNIT=WK10,
DCB- (RECFM=VBS, Bl KSIZE=8164 , LRECL=8160 , BUFNO-2)
DD DSN=&SWRK09, SPACE= (TRK, (30,10)),UNIT=WKIO,
DCB- (RECFM=VBS, BLKSIZE=8164, LRECL=8160, BUFNO-2)
DD DSN=8&&WRK10,SPACE= (TRK, (30,10, UNIT=WK10,
DCB= (RECFM=VRS, BLKS17E=8164, L RECL=8160, BUFNO=2)
DD DSN-&SWRK11,SPACE= (TRK, (30,10 ),UNIT=WK10,
DCB- (RECFM=VBS, BLKSIZE=8164, LRFCL-8160, BUFNO=2)
DD DSN=8IWRK12, SPACE= (TRK, (30,10)).UNIT=¥KIO,
DCB- (RECFM=VBS, BLKS1ZE=8164 , LRECL=8160, BUFNO-2)
DD DSN=8&WRK14,SPACE= (TRK, (30,10, ),UNIT=WK10,
DCB:(RECFM:VBS,BLKSIZE:8164,LRECL:8160,BUFNO:2)
DD SPACE-(CYL., (15,3)),UNIT=WK10,DISP~ (NEW, DELETE)
DD DSN-=&IWRK16, SPACE= (TRK, (30,10 ), UNIT=WKIO.
DCB- (RECFM=VBS, Bl KSIZE=8164,LRECL=8160, BUFNO-2)
DD DSN=8&WRK18,SPACE=(TRK, (30,10} .UNIT=-WK10,
DCB:(RECFMiVBS,BLKSIZE:8164,LRECLr8160,BUFNO:2)
DD DSN-&SWRK19,SPACE= (TRK, (30.10) ), UNIT=WK10,
DCB- (RECFM=VBS, BLKSIZE=8164, LRECL-8160, BUFNO=2}
DD DSN-&XWRK21 ,SPACE= (TRK, (30,10} ), UNIT=WK10,
DCR= (RECFM=VBS, BLKS1ZE-8164 , LRECL=8160, BUFNO-2)
DD DSN=8&WRKZ2,SPACE- (TRK, (30,10} ), UNIT=%K10,
DCBi(RECFM:VBS,BLKSIZE:8164,LRECLleBO.BUFNO:Z)
DD DSN -S&WRKSS, SPACE= (TRK, (30,107 ), UNIT=¥K10,
DCB;{RECFM:VBS‘BLKSIZE:8164,LRECL:8160,BUFNO:Z}
DD DSN-SWRK28 , SPACE= (TRK., (30,107}, UNIT=WK10,
DCB:{RECFM:VBS,BLKSIZE:8164,LRECL:SIGO,BUFNOzB)
DD DSN-&&WRK31,SPACE=(TRK, (5,2 ), UNIT=WK10,
DISPt(NEW,PASS),DCBﬁ(RECFMiFB,BLKSIZEr64OO,LRECLTBO)
DD DSN-&SWRK32 , SPACE= (TRK, (20.5) ), UNIT=WK10,
DCB:(REEFM:VBS,BLKSIZE:8164,LRECL:8160,BUFNO:Z} :
DD DSN=&WRK33,SPACE=(TRK. (20,5 ), UNIT=WKI10,
DCB=(RECFM:VBS,BLKSIZEﬂ8164,LRECLZBIGO,BUFNOZZ)
DD DSN=J1480 . BURNZ. DATA (ENDFB2 ), DISP=SHR, LABEL= (, , , IN)
DD DSN=8&&WRKS1 , SPACE= (TRK, (5,5, UNIT=WKI10,

DCB- (RECFM=VS, BLKSIZE-3200, BUINO~2)

DD DSN=8SWRKS2, SPACE= (TRK, (1.1, UNIT=WK10,
DCB={RECFM?VBS,BLKSIZE:8164,LREEL:8160,BUFNO=2}
DD DSN=R&WRKS1,SPACE= (TRK, (30,10 ). UNIT=¥K10,
DCB:(RECFM:VBS,BLKSIZE:16324,LRECL:16820,BUFNOZZ)
DD DSN-Z&WRKS2, SPACE= (TRK, (30,10 ), UNIT=WKIO,
DCB:(RECFM:VBS,BLKSIZE=16824,LRECL:IGSEO,BUFNO:2}
DD DSN-S8&WRKS3,SPACE= (TRK, (30,10 ),UNIT=WK1O,
DCBx{REEFN:VBS.BLKSIZE=16324,LREEL:16320,BUFNOTE)
DD DSN=&&WRKS1 ,SPACE= (TRK, (5,2 ), UNIT=WK10,

DCB= (RECFM=FB, BLKSIZE=6400,1 RECL-80

DD DSN=8XWRK92, SPACE= (TRK, (5,2} ), UNIT=WK10,

DCB= (RECFM-FB, BLKSIZE=6400, LRFCL=80

DD SYSOUT=R, DCB= (RECFM=FBA . LRFCL=137,BLKSIZE=19043)
DD DEN-J1480 . FASTLBBA4 . DATA,DISP=SHR,LABIL={, ., IN)
DD DSN=J1480.FASTLBRS. DATA,DISP=SHR, LABEL=(, , . IN)

115
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S/ DD DSN=J1480.FASTLBJ2. DATA,DISP=SHR, LABEL=(, , , IN}
//THERMALP DD DSN-=J1480  THERM_BA . DATA . DISP=SHR, LABEL= (, , , IN)
S/ DD DSN=J1480 . THERMLBS. DATA ,DISP=SHR. LABEL = (, . . IN)
S DD DSN-J1480 . THERMLJZ . DATA, DISP=SHR.LABEL=(, , , IN}
//MCROSS DD DSN-J1480.MCROSS4 . DATA,DISP--SHR.LABEL=(,, ,IN)
% DD DSN=J1480 . MCROSBS . DATA . DISP=SHR, LABEL= (., ,IN)
S DD DSN=J1480.MCROSSJ2. DATA , DISP=SHR, LABIL- (. . . IN)
//FASTU DD DSN=&&WRKFTU, SPACE= {TRK, (50,5,50) ), UNIT-WK10,
yos DCB= (RECFM=U, BLKSIZE=19069 ,DISP- (, PASS)
//THERMALU DD DSN-&SWRKTHU , SPACE= (TRK, 50,5,50) ). UNIT=WK10,
s DCB= (RECFM-U, BLKSIZE=19069 7, DISP= (. PASS )
//MACROWRK DD DSN=8SWRKMCR , SPACE=(TRK, (100,5,20 ;) . UNIT=WK10,
/7 DCB- {RECFM=U, BLKSIZE=19069) ,DISP= {,PASS )

//MACRO DD DSN--&EWRKMCO, SPACE= (TRK, (50,5,10 ), UNIT=WK10,
/S DCB- (RECFM=U , BLKSIZE=19069 }, DISP+ (NEW, PASS )

/ /MICREF DD DSN-&SWRKMIC , SPACE= (TRK, (50,5,20 ), UNIT=WK10,
S/ DCB= (RECEM-U, BLKSTZE=19069 , DISP= {,PASS )

//FLUK DD DSN=Z&WRKFLX ,SPACE= (TRK, (50.5,50) ), UNIT=WK10,
S/ DCB= (RECFM=U,BLKSIZE=19069),DISP= {,PASS)

//SYSIN DD DSN-J1480 . SRACINPT . DATA (POWER ), DISP-SHR.1ABEL=(, , , IN)

++

/S
IV.3 Program Flow Diagram

The program flow diagram is shown in Fig.IV.3.1. We shall give the
brief description to the process following the flow.

INPUT1 © Read the conirol data and energy structure information
USER . FASTLIB © Compose the user fast neutron library on FASTU
USFR. THERMAL..LLIB  : Compose the user fast neutron library on THERMALU

PIJ.INPUT : Read the input for the collision probability method and
compose the trace table on FT81.82.,83

PLOT .GEOMETRY @ Figure out the cell geometry and region number map
SN-INPUT © Read the input for ANISN and/or TWOTRAN

DIFFUSICN-INPUT - Read the input for TUD and/or CITATION

REACT . IN * Read in the input for reaction rate calculation
INPUTZ2 © Read in the material specification
BURN. IN - Read in the input for burn-up calculation and compose

the case-dependent nuclide and chain tables

MACRO-FAST : Compose macroscopic cross section sets with self shielding
factor in fast neutron energy range

SHIELD - Calc. self shielding factor by table look-up on NRA

PLJZ (M} © Calculate collision probabilities by M-region for Dancoff
correction factor
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MACRO.THERMALL : Compose macroscoplc coross section sets with self

GAM-P1Bt

TR-METHOD

MCROSS

PEACO

PLJ/R;

PLJ (T}

MIX . XSECTION :

PI1J3

ANISNZ
TWIRNZ
TUuDZ
CIT2
HOMOSE

CONDENSE

CONCAT
BURNUP
CVMACT

REAC

shielding factor in thermal neutron energy range

I Modify transport cross sections and diffusion coefficients

in the macroscopic cross section sets prepared hy MACRO.
FAST and MACRO.THERMAL. by P1 or Bl approximation for
homogeneous material and for component materials 1in a
cell. In the latter case the neutron flux and current are
calculated in a homogenized material.

: Modify capture cross section of fertile material by

table-lock-up on IRA

: Compose the user’s resonance neutron cross section file

I Calculate ultra-fine neutron spectrum in multiregion cell

in Resonance 11 energy range by collision probability
method, and modify the absorption and fission cross
sections of resonant material.

© Calculate collision probabilities for R-region

. Calculate collision probabilities for T-region

Homogenize the macroscopic cross section by X-region

: Solve linear equations by 5.0.R for collision probability

method

! Solve one-dimensional Sn equations

. Solve two-dimensional Sn equationé

¢ Solve one - dimensional diffusion theory equations

o Solve multi-dimensional diffusion theory equations

. Solve a bare reactor equation by Pl or Bl approximation

1 Collapse the energy structure of the macroscopic cross

sections to get few group cross sections in whole
energy range

> Concatenate multi-group constants separately stored for

fast and thermal ranges into whcole energy range ca.c.

: Calculate the change of nuclide concentrations during

burn-up in a cell

: Convert the format of the macroscopilc cross sections

into the original CITATION format .

: Calculate the reaction rate for the specified detector

with or without the filter, the spectrum parameters
&o5,poa, 005,.C ., and the convertion rate.
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~CONTROL

FILENAME

INPUT !

next

ENERGYSTRC. PUBLIC

CIFIED

PE
case
@'@—JUSER-MST-L{B

FAST
LIBRARY

USER
FAST
LIBRARY
PUBLIC
) THERMAL
. . LIBRARY
USER THERMAL- L 1B USER
THERMAL
LIBRARY
~GEOMETRY

REGION
~—ISPECIFICATION
[PLOT>—PLOT-GEOMETRY |

SN - INPUT

PIJ - INPUT

/I NPUT EXCEPT
X-SECTION, SOURCE

[ ——]
/

DIFFUSION- INPUT

REACTION RATE

118> REACIN =" NpuT
("MAT- NAME

>—

from
BURNUP

0
ATERIAL

COMPOSITION BURNUP
LIBRARY
BURN- IN 1BRA

USER
FAST
LIBRARY

yes -1
MACRO-FAST SHIELD 1C3 >PIJ2 (M)
MACRO DANCOFF
X-SECTION FACTOR
(FAST) by PI1J
USER
THERMAL
LIBRARY
yes
MACRO-THERMAL SHIELD 1C3
=
MACRO
¥X-SECTION PIJ2 (M}
(THERMAL) SANCOET
FACTOR
by PLJ

Fig.IV.3-1 Flow diagram of SRAC
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MACRO
GAM - P1B1 X-SECTION
TRANSPORT CORRECTED
USER
MACRO
FAST
X-SECTION
LIBRaRY / {XRECTIC
=} =1 )
{5 IR-METHOD €3> PlJ 2 (M) | @ﬂ
DANCOFF !
MACRO \ - AROR
X-SECT
Rl G
=1
@ 6 Ic7
FAST FISSION
4 =1 54,5 SOURCE
. 2.3
PIJ2(R} [ SN | | DIFFUSION FAST FLUX
: | FIXED SOURCE
PIJ3
[
big ViV
| |
=
NUCLIDE
LIBRARY TEMPERATURE
@ MCROSS RESONANCE
FINE GROUP
LIBRARY _
@5 52 TPEACO —{PIJ 2 (R] | Wm
MACRO

HOMOGENIZED
X-SECTION

PIJ2(T)

DIFFUSION

[P1J 3 ]

THERMAL
SLOW DOWN
SOURCE

THERMAL FLUX
FIXED SOURCE

MIX-X-SECTION
]

Fig. IV.3-1

{(continued)

MACRO HOMOGENIZED
X-SECTION | |X-SECTION
(THERMAL )
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HOMOSP

=1
@ CONDENSE X-SECTION
€0 MACRO h

MACRO P1or BI APRP BARE
x-secTion]  [REACTOR SPECTRUM

FEW GROUP

MULTI GROUP

BURNUP 3>

PIJZ(R) ;

REACTION X-SECTION
REACT RATE CALC. | —"

B ZD 1,2,3D
PIJ 3 DIFFUSION

| I |

CONDENSE

REACT

WHOLE ENERGY
RANGE
CALCULATION

MACRO FEW GROUP
X-SECTION X-SECTION

BURNUP

MACRO
X-SECTION

CVMACT

MACRO

next
CASE

X-SECTION
for CITATIO

Fig.IV.3-1 (continued )
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IV.4 OQverlay Structure

The overlay structure is shown below. The labelled common name is
marked by *.

LEVELO MAIN SRAC CLEA READ PDSERR REAG ~SEPTE +TITLEP +PCOWKZ2
*TMPSET ENTAPR +ALSUB #SRACIT
LEVEL1 INPUTT INPUTZ
LEVEL1 DPOCHK D2OCK!T
dokkd PTJIN ROUTTNE  sheotostoheokstoof e sesheofeshospe sk sp s sfeshesfe sl e ot s st s ok s sk sl sfestoofofe st ek ok
LEVEL1 PIJIN PIJ1 CHECK INSERT ELIM +PIJC «PIJIC «PIJ1D ASCEND
VOLPIJ .
LEVELZ PATH PREPA MAKEPT CYL HEX HEXZ SQ SQ2 COMPAR DIVIDE SLAB
LEVELZ MAKETX INSETY
LEVEL3 PATHHH PREHH GEOMHH
LEVEL3 PATHXY PREXY GEOMXY IPRTX IPRTXP
LEVEL3 CLUP? GEOMY LOCEF IPRINT PREXTY
LEVELZ2 MAKERC
LEVEL:3 CLUPH CLINH SECT INTRP GECOMH
LEVEL3 CLUP CLIN GEOM
sk PLOT GEOMETRY sk oot ot oo sb oo ok skeske ot ook s ok o ook ok oo ook ok s s ook ofe sk oo o ook
LEVELZ? GEOMTY INUM ORGSET GTITLE CIRCLG CNTPLY CIRCLH
LEVEL3 GEOMO1 GEOMOZ GEOMO8 GEOMOS GECMI3
LEVEL3 GEOMO4 GEOMOD GEOMOG GEOMOY CIRCLS
LEVEL3 GEOM1O GEOMiI1 CIRCLP NUMCYL NUMPIN CHKPIN SRICYL
GEOM14 HEXAGP HEXP NUMHEX
fopro PTY INTEGRATTON  settorob doob ok dotsbosborgofob okt foksesf s sfeste e ook oo skt s ok sk stk gofok
LEVELL1 P1J2 SIGRD DELT FORM PAINT ONE TWO ENX FKIN +ABC
SIGT FEFEF PE SPLINE
ok MACROT ROUTINE ootk shob dokob ok shobeofook ook o ok op b sk s e skl sk ok sk ko sk ook o
LEVELZ2 MACROT MACRTR
wackok MACROFE ROUT TN ook e sk oo st st s sfeshesbsohode s st o s oo ob bk sh ke o s shosko ok ook s o
LEVELZ MACROF +MAFWRK +MAFCNL «MAFCNT #MAEFSX1 =MAFSXZ2 +MAFSN
LEVEL3 MAFDAT MAFSEX
LEVEL3 MAFCAL MAFCCN
LEVELA MAFLTM MAFOUT MAFPRT MAFTTL
LEVELA MAFSIG
sk TRA ROUTTINIT b shombedeok ook sodestee bk ook seofsfesh b oo oheofe ook st i soteseop ke s s shesfoofoe o sf soshsfoofsfeofe e ok
LEVELZ IRA IRACON +«IRACNL TRADAT +IRASX1 =IRACNT +IRAWRK
LEVEL:3 TRACMP IRASFX
LEVEL3 TRACAL #IRAPRM =IRAPSE
LEVEL4 IRASIG
LEVELA IRARSP
LEVELA IRAPRT IRAQUT
LEVELA IRASET IRAMIX TRASRC
doxdck PEACO ROUTTINE bk ok st ok sicsie ool ook e o e teofeod sh o s o sbesioske ook sfofe e stoofesiof sk g shobskeoft s st sk sk b
LEVELZ FEACO #PCOWK] =PCOWK3 +PCOSEF1 =PCOSEZ +PCOSE3
PCOCCN PCODBL
LEVEL3 PCOSEX
LEVEL:3 PCOPRE PCOINY PCOINZ PCODAT
LEVEL3 PCOAVG PCOFIN PCOINT PCOQIN
LEVELA PCOPIJ
LEVELA4 PCOQIJ PCOEXP PCOCHK
LEVEL3 PCOOUT
LEVELLS PCOMCR
LEVF1.3 PCOPLT
Aovaor MCROSS ROUTTINE bbbk s st oo sbopobob e ook ofeodale st o i s spesboohor e i e s ol e
LEVEL1l MCROSS MCRCAL MCRNBR +MCRDI1 «MCRDIZ #+MCRTKN +MCRMAT +MCRBLX
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*MCRSUB +MCRDBL *MCRBRF. #MCRCAR ~MCRELH MCRBRD MCRPLT MCRINT
MCRNTI. MCRRSP MCRSX
sk USERFL & USERTL ROUTINE stofsortoksfokotes oo ok deokofskodok sobsfoisfoloodob detor ok stk ok
LEVEL1 COLEAP =«USERIX
LEVEl 2 USERFL UFLCAL UFLCON «UFLCNT UFLMPL.
LEVEL 2 USERTIL.
gkt PTJS3 ROUTTINE st oo o sesheste st e st etk skt sk e sk sp e s o shesfooke stz oot sk ofesk et sbof ek sofe steofeshot ok
LEVEL1 PIJ3 ,
LEVELZ INPZF INP3F TEDIT
LEVELZ ITER RELAX MATINV
stk TUDP BOUTINE  esteohosk stoosoodesheshosok sk s sposdsrsshofeofe s shof sk st st sk oo sfeseofoskeofoskof skt etk sk ok o kokokob
LEVEL1 TUDZ? VINT FINT
LEVELZ INPT2 INFT3 INPT4 OUTPIZ
LEVELZ ITUD PROD RELAXT
stk ANTSNZ ROUTINE  skoteskeok stk o sbesteofe s skttt sfosog e steoesk stk ek eoesobofebesokedoskof o e ootttk
LEVEL1 WOT ERRO ADDR ITIME CLEAR WOTS ANISNT SNI1AR S814B S804 CVMASN
FSPYEL SNCONA
IEVELZ ANTSNZ CONTRL
FRVELS PLSNT TP ADJNT S805 S814 SS66
LEVEL3 GUTS S807 S310 S821 8824 DT 5833 5851 CELL
1EVE] 3 FINPR FINPR1 PUNSH DTFPUN FLTTX
LEVELA BT SUMARY AFACTR
werx ROUTINES CALLED BY SRAC
LEVEL.l TUD1
LEVEL1 MICRFM MICREF +MICRC MOVEVT
LEVEL1 HOMOSF GAM P1BI1
LEVELY CONDEN CONDEM CONCAT
LEVEL! FWRITIE MIXX MIXX1
LEVEL1 FSOURC TSOURC SSOURC
stk CITATION ROUTINE  skok ook skokok ok o s s st s shook sk ook oo sheatoofol g kg ook ok fokokok
LEVEL1 CIT1 CIT2 RQED CALR CTFLUX #COOPD #CMARY +ASRCH +AKADD *+AVDLM
*ABURN =AFLUX =<AMESH
[LEVEL 2 CVYMACT CITTOS
LEVELZ2 PERTIN PERTI1
LEVELZ TPTM
LEVEL3 KRST
LEVEL3 SETV CNTR GEOMC LVMX MESH COMP CMOT KOMP KMOT OVER
MACR SSET KSIG
LEVEL3 BKLF FXSO BFER SRCH CNIO BNSB DISK SIZE RSTR TRAN
SHOX WIO3 IMXS DYPD
LEVEL3 PERTCK
LEVEL? EIGN BIGS XSET EXTR CYCR GINS ITED
[LEVEL3 WECC HOWE INFX KNFX
LEVEL3 FLUX DNSD ABPR LOOP FINS
LEVEL4 CNST

LEVEL A BEGN
LEVEL4 FWRD
[LEVELA DPER
LEVEL4 HWRD
LEVELA WFLX
LEVEL4 FTRI

LEVEL3 KLUX KNSD

LEVELA KNST
LEVEL4 KEGN
LEVELA KWRD
LEVEL4 KPER
LEVELA MWRD
LEVE1 4 KIRI

RDUE
FXRD

HXRD

KBPR KOOP KINS

KDUE
KXRD KZRD
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LEVELS3 NMBL WSTR DISH DIRT FASP DASH KASH DODA KRAN CRSH
. MASH
LEVELZ QUTC POUT KOUT
LEVEL3 PDWI KDWI PTAB KTAB KUDR NUDN
LEVEL:3 E1 BT ESET
LEVEL3 PERTC PERTM PERTL PERTL1 PERITC1 PERTCZ PERC1I
LEVELZ TSCL
s BURN-UP ROUTINE bt soofeofestootestestshefeofestesefe e e s st sk o sfete e oo s ettt sttt e
LEVEL1 =AA =BB BURNi1
LEVEL2 BURNIN BURNO3 BUENO4 BURNOS BURNCS BURNOSG BURNOTY BURNOS
BURNO2 BURNIO
LEVEE 2 BURNUP BURNO! BURNOZ ERRBRN BURNIZ BURNKX
sokokk TWOTRAN ROUTTNE stk sodesok stk st sk abeofe bk oo ook oo skt o e sv s s o oot e el ook
[LEVEL1 FRROR CLEARW WWRITE RFED RITE DATE! FCRD ECWR SECOND LOAD WRE
LEVELZ2 FSOURW
LEVEL 2 TSOURW
LEVELZ TWIRN1 AUXTWT
LEVEL3 SN1TR
LEVEL3 INPT14 SNCON IFINSN PNGEN
LEVEL3 INPT1S CSMESH MAPPER
[FVELZ TWTRNzZ MONITR MPLY ECHECK DUMFER FCMBAL
LEVEL3 INPUTW SO66W
LEVELA INPT11 DUMPRD
LEVELS CVMASW FSPVEW
INFT12 CSPREP IFINXS
LEVELA INPT13 READQF
LEVEL3 GRINDZ REBAL
LFEVELA GRIDZ21 INITAL INITQ £1SCAL
LEVELA GRIDZZ2 OUTER INNER IN OUT FIXUP SETBC STORAF
SAVEAF GSUMS
LEVELA GRIDZ3 TESTS NEWPAR
LEVEL3 QUTPTS3
LEVELA OQUTT31 FINAL PDSFLX
LEVELA QUTT32 EDCALL GENFLO EDITOR EDMAP
LEVELA TFOUT IFRITE
s)orork RACTION RATE ROUTINE ok sk sksfookspobok st b ok ot sdofor desion £ iofokstostkstofokekok R dopok ok
LEVEL1 REACIN REACI1
LFEVEL1 REACT FLUXRD RAFX1D RTFX1D RFLXZD RDEXZ2D RFLX3D REACT1 LSTGMA
DREACT REAPRT RFACT3 REAC31 PHXRD SSIGMA FREACT INTEGP CNVCAL
CNVPRE CNVSIG CNVCAI1
sokrk PLOTTER ROUTTINE s sesh s shobeabesheokoo st b sbestesp oo ook e st st 4 et sk i e stk s s ke sheofe steske e ofeofeok ok
NEWLVL1 {REGION )
CIRCL. SYMBOL. SYMB4 POLY AXIS NUMBER SCALE YSERCH CHAINP
GETCHA FLPLOT FSCALE GPLOTI GPLOTZ ISERCH LSCALE PLTCL PLOT
PLOTS NEWPEN FACTOR WHERE GCHARZ GCLS GLINE GOPN GPCLS GPOPN
GSCHAR NFACTR NNEWPN NPLOT NPLOTS NWHERE NOPAGE XDTTOX YDTTOY
IXTODT IYTODT
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IV.5 Common Data

We clasgify the common data used in the SRAC into following cate-

gory,

Rank A Common data throughout the system
Rank B Common data between the particular routine and the main
Rank C Common data within the particular routine.

We shall describe the contents of common data in Rank A and B.

Rank A MAINC

/2000/

t IOPT /20/ Control integers read in Sect.Il.l

21 - 3B
37 TUPSCAT

38 IBSPEC

39 ISCT

40 IFIXS

i

1 ICTOY
- B2
NEFL
NETL
NEF

NET
NERF

A8 & 88

NERT

NMAT
NTL1

NINI
NINZ
NOUT1
NOUTZ2
ITO
NEFL1

8 JAFFRGBR2 88 &

NEFL2
69 NEFL3
70 NEF1

71 NEFZ

Reserved area for file names (4+1CH;

Control if the upscattering is assumed as selfscatter;
activated if any negative IC15 is entered.

Control whether if the Pl or Bl approx. spectrum

is used to collapse the energy structure; activated if
any negative ICQ in Section II.1 is entered.

Order of scattering matrix required in the Sn calculation
which is transferred after the input of the Sn routine.
Control if the fixed source distributions for the colli-
sion probability calculations is read in the real time;
activated if ICZ2 = -1 is entered.

Control if the few group transport cross sectlons are
formed from the spectrum averaged transport cross sec-
tions, activated if ICI7 = -1 is entered.

not used

Number of energy groups in the public fast library

(= 0 if the public file is not used;’

Number of energy groups in the public thermal library

(= 0 if the public file is not used};

Number of energy groups in the user fast library

Number of energy groups in the user thermal library
Number of energy groups in the condensed fast group
structure (= O if CONDENSE routine 1s not used )

Number of energy groups in the condensed thermal group
structure {(= 0 if CONDENSE routine is not used

Number of mixtures specified in Sect.I1.8

Group number in the public thermal library corresponds

to the highest user's group below the thermal cut off
Buckling in cm-2 read in BLOCK 4 in Sect.II.1

Card input device unit number {(set to 5)

not used

Logical device number for message print (set to 6
Logical device number for edit print (set to 99)

Initial clock in second used to check elapsed time

The lowest group number of the fast fission energy range
in the public fast library (=10  above Q30.14 keV)

The lowest group number of the smooth energy range in the
public fast library (=22 | above AG .87 keV)

The lowest group number of the resonance I energy range
in the public fast library (=45 | above 130.07eV;

The user’s group number corresponding to NEIL1-th group
of the public group structure

The user’'s group number corresponding to NEFLZ2-th group
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of the public group siructure

T2 NEF3 The user s group number corresponding to NEFL3-th group
of the public group structure

T3 1ISTP Indicator of process step

f4 NSOUC Logical device number for reading fixed source

7o NFIN Logical device number for reading flux guess

76 NFOUT [ogical device number for writing flux

77 ITYPE Indicator if inhomogeneous (=1} or eigenvalue problem{=0}

78 IMCEF Indicator whether 1if any effective cross sections are
required

73 IBNSTP Integer to indicate burn-up step used if [OPT(20;.NE.O ;
set O during fresh composition.

80 MFMrST The first . location in the common WORK allowed to use

until the last location MEMORY {(95-th word in MAINC)
81 LCNEGE The starting address of the sub-array NEGEF in the array
AA of length 1880 (= 1 ; always)

82 LCNEGT The starting address of the sub-array NEGT in the array
AA (= LONEGF+NEF )

83 LCNECF The - starting address of the sub-array NiCF in the array
AA (= LCNEGT+NET)

84 1CNECT The starting address of the sub-array NECT in the array
AA = LONFCF+NERE )

85 LCMINM The starting address of the sub-array MINAME in the
array AA (= LONECT+NERT;

86 LCNISO The starting address of the sub-array NISO in the array
AA (= LOMTNM+2+NMAT )

87 LCTEMP The starting address of the sub-array TEMP in the array
AA (= LCNISONMAT ;

88 LCXL The starting address of the sub-array XL in the array
AA (= LCTEMP+NMAT )

89 LCXCDC The starting address of the sub-array DC in the array
AA (= LOXL+NMAT '

20 [LCLISO The starting address of the sub-array LISO in the array
AA (= LCXCDCHNMAT )

91 LCIDNT The starting address of the sub array IDNT in the array
Ad (= LCLISO+NMAT )

92 LCPEN The starting address of the sub-array DN in the array

AA (= LCIDNT+2+NTIS0; where NTISO is total number of
nuclides appearing in the mixture specification Sect.
11.8.

93 LCIRES The starting address of the sub-array IRES in the array
AA (= LCDN+NTISO;

94 LCIXMC The starting address of the sub-array IMCR in the array
AA (= LCDN+NTISO;

9o NTOT Logical device number for macroscopic collision cross
sections used in Pij production (set to 4)

96 MEMORY Maximum length of the common WORK ; normally set to

60.000, which is commonly used as work area in transporti
or diffusion codes. The user has to recompile the MAIN
routine after chainging the common length so as to use
more core storage.

g7 IPLOT Indicator for opening the files relating to plotter to
avoid duplicative opening (0/1:no/yes)

98 TRANG Indicator in which energy range the present step 1s;
=0 in fast

=1 in thermal
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=2 in whole energy range
99 ICF . Indicator 1in which energy structure the present step is;
="000G° processing in condensed energy structure
="0002° processing in fine energy structure
100 INITI. Case counter
=0 1n first case of job step
>0 1n secondary case
101 CASEID Case identification {(8H)
103 TITLE Case description (72H)
121 AA /18807 The array which includes sub-arrays . NEGF, NEGT, NECF,
NECT, MINM, NISO, TEMP, XL, DC, LISCO, IDNT, DN, IRES,
and IMCR _; as described below
NEGE /NEF/ Number of public fast groups in each user’s fine group
NEGT /NET/ Number of public thermal groups in each user’'s fine
group
NECF /NERF/ Number of user’s fine groups in each condensed fast group
NECT /NERT/ Number of user’'s fine groups in each condensed thermal
group
MTNM /NMAT/ Mixture identification (8H) of each mixture
NISO /NMATY Number of nuclides to compose the mixture
TEMP /NMAT/ Physical temperature of the mixture
XL. /NMAT/ Mean chord length of the mixture (input)
DG /NMAT. Dancoff correction factor of the mixture (input;
LISO /NMAT/ Relative location of the first nuclide of the mixture on
the nudlide vector
IDNT /NTISO- Nuclide identification (8H) of the nuclide {(input)
DN  /NTISO/Atomic number density of the nuclide {changed by burn-up)
IRES /NTISO/Resonance indicator of the nuclide (input)
IMCR /NTISO/Edit indicator for effective microscopic cross sections

Rank B PLJ2C /1000/

The common data between inpul step and executing step of collision
probability method routine.

1 IGT Geometry type

2 NZ Total number of sub-regions

3 NR Total number of T-regions

4 NRR Total number of R-regions

5 NXR Total number of X-regions

6 IBOUND Outer boundary condition of lattice cell

7 IDRECT Indicator to compute directional collision probabilities

=] 1sotropic only
=2 anisotropic also

8 LCOUNT Total number of neutron paths stored on path table files
9 IFDPiJ Fdit control for calculated collision probabilities
=0 no
=1 print
10 IFORM Indicator of definition of collision probabilities
finternal use)
11 NITAB Maximun length of path table for a unit cell
12 NUTAB Maximum length of for concatenated path table
13 572 Quter surface area of unit cell
14 ITYPI Problem type (internal use}

=0 eigenvalue
=1 fixed source

15 NGLAST The last group number of collision probabilities which
were calculated in the previocus run and are read from
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the unit of logical device number 20, This item 1s for
restart purpose.

i6-18 Local use

18 IEDFLX Edit control for calculated neutron flux and reaction
rate

20-31 Iteration parameters read in BLOCK 2 of Sect.I1.3 or
defaulted values

32 1C00D Coordinate of lattice cell used in directional diffusion
coefficients
=0 plane
=1 «c¢cylinder {(one or two dimensicnal )
=2 sphere

33 NMP Number of mixtures used in collision probability method

34-39 not used

40 LCMMR The address of the sub-array MMR in the array PAA

{= LCMATD + NMP)
41 LCNREG The address of the sub-array NREG in the array PAA
{= 1 always)

42 LCIRR The address of the sub-array IRR in the array PAA
{=1CNREG + NZ)

43 LCIXR The address of the sub-array IXR in the array PAA
{=ICNREG + NR}

44 1 CMAR The address of the sub-array MAR in the array PAA
{(-1CIXR + NRR)

45 1.CMAT The address of the sub-array MAT in the array PAA
{=LCMAR + NRR}

46 LCVOL The address of the sub-array VOL in the array PAA
(=LCMAT + NR)

A7 1LCVOLR The address of the sub-array VOLR in the array PAA
(=1.CMAT + NR)

48 LCVOLX The address of the sub-array VOLX in the array PAA
{(=LCVOLR + NRR} ‘

49 [ CVOLM The address of the sub-array VOLM in the array PAA
(=LCVOLX + NXR)

50 LCMATD The address of the sub-array MATD in the array PAA
(=L.CVOLM + NMP}

51 PAA /950 The array which includes the sub-arrays ; NREG, IRR, IXR,
MAR, MAT, VOL., VOLR, VOLX, MATD., and MMR . as described
below;

NREG /NZ/ T-region number by sub-region
IRR /NR/ R-region number by T-region

IXR /NRR/ X-region number by R-region

MAR /NRR/ Material code number by R-region
MAT /NR/ M-region number by T-region

VoL /NR/ Volume of T-region

VOLR /NRR/ Volume of R-region

VOLX /NXE/ Volume of X-region

VYOLM /NMP/ Yolume of M-region

MATD /NMP/ Material code number by M-region
MMR /NRR/ M-region number by R-region

Rank B SNIC /1000/

The common data between input and executing step of ANISN

1 D{1) dummy
2 LIMi available data locations
{Array address)
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10
11

13
14
15
16
17
18

NI =
— 0

EEEBYLHRLERE 8B BUBRRNER

BHREBRIEEEABGRER

LFIX
LFLT
LJ5

LDF
LJ3
LJ4
LIGT

LALFT
LONXRA

LEND
LV

LWD
LPNC

D
ITH

ISCT
ISN
IGE
IBL
IBR
IZM
M
IEVT
IGM
IHT
THS

IHM

MCR
MTP

IDEM
IPVT
1M
1P
IFP
1M
ID1
102
1D3
ID4

Revised SRAC Code System JAERI 1302 -

R{IM+1} radii
W (MM Sn weights
PSN MM Sn cosines
MA(IM) zone numbers by interval
MZ{1ZMY material numbers by zone
MB (MS ) mixing number 1n mixing table
MC/MS component. number in mixing table
WMDMS) number density in mixing table
v (36 integer paramelers
{14} floating paramelers
JS5(I7MY order of scatter by zone
RM:IZM} radius modifier by zone
DF{IM-IDIM) density factors
J3{ID3} material numbers for activities
J4{ID3) position for activities
IGT(ICM} Sn/diffusion/homogeneous cell indicators, only
if IDATZ.NE.O
ART (IGM albedo-right boundary, if IBR-=3 only
ALFT(IGM) albedo--left boundary, if IBL-3 only
FGP(IZM: X-region number by zone
dummy
last address
Y {IM> volumes
AAIM+1) areas
WD:MM) weightxcosine
MR (MM reflective direction indices
PNC(MM,IT) Pl coefficients, 1f ISCT.NE.O only
(Integer parameters (see Sect.Il.4))
Problem ID number.
=0 forward solution
=1 adjoint solution
Maximum order of scatter found in any Zone
Order of angular quadrature
Geometry
Left boundary condition .
Right boundary condition
Number of zones or regions
Number of mesh intervals
Eigenvalue type
Number of energy group
Position of total cross section in cross section table
Position of self-scatter cross section in cross section
table
Length of cross section table
Cross section mixing table length
Number of cross section sets to be read from cards
Number of cross section sets to be read from Lape
Total number of cross section sets
Control! for density factors
Ky wvalue
Indicator for distributed source

Interval number which contains shell scurce
Inner iteration maximum
Print control

Number of activity computed by zone
Number of activity by interval
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ICM
IDAT1
IDATZ2
IFG
IFLU
IFN
IPRT
IXTR

EV
EVM
EPS
BF
DY

BEIZZ RBB2BEEY

~J
(@}

DZ
DFMI
XNF
PV
RYF
XLAL
XLAH
EQL
XNPM

~J
—

FIFIAIGR

73 NMPA
80 LCNXRA
NXRA
LCMACA
LCVLMA

@
=

NIN
NOU

& RBL2 IR

100 NT8
101- 1000

Rank B_TWC1
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Quter iteration maxmum

Indicator for data storage

Indicator for diffusion solution

Edit control for Pl cross sections

Indicator for negative flux

Control for initial guess

Print control for cross sections

Indicator for Pl scattering constants

{(Floating point parameters)

Initial guess for eigen value

Eigenvalue modifier

Epsilon ~ accuracy desired

Buckling factor, normally 1.4208%2

Cylinder or plane height for buckling correction (may
include extrapolation length)

Plane depth for buckling cirrection

Transverse dimension for void streaming correction
Normalization factor

=0.0, or = Ky according to IFVI=0, or =1
Relaxation factor {(suggested value = 0.5}

Point flux convergence criterion

Upper limit for I1.0-lambda 11l used in linear search
=0.0 {defaulted}

=0.0 (defaulted)

{Additional parameters;

Number of materials excluding anisotropic blocks
Array address of X-regions by zone

Total number of X-regions

Material number by M-region

Array address of volumes of M regions
(Miscellaneous

Input device number

Print device number

Device number for flux and current

Device number for flux and current of the previous 1tera-
tion

Device number for cross section and source

Scratch unit for normalization of source and cross
section mixing

Initial time

Device number of library {(not used)

Device number for specially group independent cross sec-
tions

Device number for welghted cross sections

Dummy vector which contains the arrays

/2000,

The common data between input step and executing step of TWOTRAN.
We shall introduce only the data exchanged between TWOTRAN and external

routines.

4 IGM
5 IM
6 JM
15 MT
18 IHT

Nunmber of groups

Number of coarse meshes in X-direction
Number of coarse meshes in Y-direction
Total number of materials

Position in table of total cross section
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19 1HS Position in table of self-scatter cross section

20 1HM Length of cross section table

21 TQOPT Source input option

22 10QAN Distributed source anisotropic order

25 IPYT Parametric eigenvalue or Keff indicator

34 I1GEOM Geometry type

53 IMIM Product of IM %= UM

66 IT Total number of radial fine-mesh intervals

67 JT Total number of axial fine-mesh intervals

68 [TJT Product of IT * JT

157 NOUT Print device logical number <99

170 NMPW Number of materials not counting anisotropic block

181 LZRNUM  Address of array for M-region number by coarse mesh
204 LEFGP Address of array for X-region humber by coarse mesh
205 [LZRDUC  Address of array for Material code number by M-region
206 1LDhC Address of array for Material code number by coarse mesh
207 LVOILMA  Address of VOLM :© volumes of M-regions
209 IVMESH  Device number of work file to keep volumes of coarse mesh

IMedM <3>
210 I1ZMESH  Device number of work file to keep material numbers of
coarse mesh IM«JM <2>
211 NXRW Number of X-regions
Rank B TUDIC /BB0/
The common data between input step and executing step of TUD @ one

dimensional diffusion calculation routine.

NR
NMP
NG
NGS
NGK
NNMAX
1G
IBOUND
IGUESS
10 ID

11 ITMAX
12 1ITMOUT
13 ITBG
14 1CMX
15 ITDM
16 IPT

17 EPSI
18 EPSO
18 FPSG
20 RELCA
21 OVERX
22 FACTOR
23 XLAMD
24 BSQ1
25 IPTXEC
6
27
28
29

OO WN —

ITFLUX
IPTS
1DOPT
NXR

Number of regions

Number of materials used in TilD calculation
Number of energy groups

Number of energy groups having fixed source
Number of energy groups having fission source
Total number of mesh-intervals

Geometry type (0/1/2;slab/cylinder/sphere)
Boundary condition

Initial flux indicator

Select of diffusion coefficientis

Maximum thermal iterations per outer iteration
Maximum power iterations

Minimum number of iterations before extrapolation
Number of iterations for testing extrapolations
Minimum delay between extrapolations

Monitor print indicator

Convergence criterion for thermal iterations
Convergence criterion for power iterations
Extrapolation criterion

Initial over-relaxation factor

Maximum over-relaxation factor

Under extrapolation factor

Fxtrapolation length in cm

Transverse buckling in cm™®

Print indicator for cross sections

Print indicator for final fluxes

Print control for fixed source

Selection of diffusion coefficients

Number of X-regions

{Array address
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30 LCIK IK(NR) Material code numbers by region
31 LCNK NK{NR Number of mesh intervals by region
32 LCXR XR{NR} X-region numbers by region
33 LCRX RE(NR Outer radii by region
34 1CNNI NN1 (NNMAX1) Material code numbers by mesh interval
where NNMAX1 is total mesh intervals counting
doubly at region boundaries.
35 LCVOLR VOLRNR: Volumes by regicn
36 LCMTM MTM/NMP) Material code number by M-region
37 ICMTR MIR(NR) M-region numbers by region
38 LCVIMT VIMT (NMP) Volumes by M-region
39-50 Not used
51-550 Dummy array which includes arrays of IK,NK,....,VEIMT
Rank B DEPLET /877
The common data between the main and BURNUP step. cell burn-up
calculation.
1 NEP Number of broad exposure steps { <=15H )
2 NDEPZ (20} Flag to indicate depleting or not by R-region
3 PERIOD{15} Exposure steps
4 IBEND Normally =0, =1 if all exposure steps are finished
5 Dummy Not used
6 TIMESC(16) Expostire time in second corresponding Lo input exposure
steps PERICD
T TIMEMW (16) Exposure steps in MWD
8 TIMEUS(16) Exposure steps in relative U-235 burnt
9 POWERL Power level given in input
Rank B CITiC A4000/
The common data between input step and executing step of CITATION:
the multi-dimensicnal diffusion.
1 NM Number of materials used in the CITATION
2 NXR Number of regions for cross section edit
3 1D Option for diffusicn coefficients
4 IRN Number of regions (NREGI+NREGJ+NREGK )
b LCNM Array address of material position number 1n the mixture
specifications (Sect.I1.8), length NM.
6 LCNXR Array address of X-region numbers by region, length IRN
T LCMAC Array address of material position number by region,
lensth IRN, 1f NXR-0.
8 LLCVOL Array address of volumes by region. length IRN
9 IC(3991) Dummy vector which contains the above four arrays.
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We shall show tree structure how to call subroutines in the SRAC.
In the following figure FACOM built-in functions, frequently appearing
1/0 routines, their associated error print routines, and clock routines

arc omitted.

~--@DTLIST
+~@ERRSE]
+--SRAC - -~

—======= SRAC —==rs==sssss=as-
——-STPCOM -~ @EXCP

a— - INPUT1 - ~%REAM

| +—%REAL

| +—-RFAG - ----IBCD

| | ~~ZUNPACK
| | +—-PACK

| +-20PNPDS

| +~-READ

| +~%SEARCH

++~USFRFL -~ ~UFLCAL——-—— COLLAP
| 4 UFLCON
| +——UFLMPL
<o ~USERTL -~~~ COLLAP

|’ +——ENTAPR

+——PIJIN --—CHECK -----ASCFND
| +-—@PLOT

| +—-@PLOTS

| +-+GFOMTY

| +—-PLJ1

| +—PIJ1D

| +—-PATH ————- PREPA
| | +—-VOLPLJ
| |

| |

[ |

I |

| |

| l

| |

| |

| |

| |

[ |

| |

| |

| +--CLUPTT~—---PREXT -
| | |

| | +——VOLPIJ
| | +—~MAKETX-
| |

| |

| !

| +o-CLUP  ——---CLIN

| | +--VOLPLJ
I 1 +—- MAKETC-
|

|

¢

+—-MAKFPT--- --OPNBUF

~——CLUPH — -CLINI

+ ~SLAB

+—-CYL ~————INSERT
+--8Q  -——-INSERT
+--32 - -INSERT
I +—-DIVIDE
+--HEX ———-INSERT
+--HEX2 ———INSERT
| +--COMPAR
+--ELIM

+=WRTBUF
+-7CLSBUF

+~%RDBUF

-—LOCF

+-- IPRINT

+--GEOM7 —~——— LOCK
! +—-INSET7
+--ELIM

~——GEOM  ——-INSERT
+--ELIM
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| +~-VOLPLJ
[ +~ -MAKETC-—-—-GEOMH —--SECT

| 1 +~~INSERT
| 1 +~-INTRP
| +w~FLIM
+——PATHXY-——-- PREXY —----IPRTXP

| +~—YOLPTJ

| +—MAKETX-— -~ ~GEOMXY -~ INSET7
| ~—-FLIM

|

I

|

|

i

]

1

i

i

{

| +--VOLPLJ
I +-~MAKETH- - —---GEOMHH
+——ANISN]-————— SN1AR
I

I

|

I

|

|

I

|

|

|

i

+-—SNCONA
+—-ADDR
+--5804
+--S814B
+—-WOT8
+——WOT
—TWIRN1 ———-SN1TR -———-ERROR
+——INPT14————- IFTNSN
} +——5NCCN
I +-~ -CLEARW
[ +——PNGEN
‘ +-- INPT 15— -~-MAPPER
i +——AUXTWT
+--TUM
+-xCIT1
+--INPUTZ
+——D20CHK - - - - -DP0OCK1
+——MACROF ———-MAFDAT
I +——MAFSFX ‘
[ +—-MAFCAL - - -MAFSIG-~——-MAFCON
[ | +-=PTJ2
[ +——MAFCON
[ +--SPLINE
[ +—~MAFPRT----—-MAFTTL
I | +--MAFL.TM
] +—-MAFOUT

+——MACROT-———MACRTR--~--SPLINE ——-@INSPL

+--TRA ————IRACMP

| +—-TRASFX

| +——IRACAL ———- TRASIG-————ALFA

] | -~ ~GUZIL

| I +—-IRACON
1 I ~—+PLJ2

I +--TRACON

| +—-TRARSP

| +——IRASET———- -ALFA

I I +——GUZII

| +——IRAMIX- - - --ALFA

| | +——FUNCMU
I +--SPLINE

| +-—IRASRC-- ——@INSPL
| ———TRAFRT

+--IRAQUT
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] +~~-MCRBRD
[ +——MCRNTL
| +—-MCRSX ———-MCRNER
| +--MCRINT
I +--MCRPLT -~ —@GPLOTZ
+—-FWRLITE ‘
+—-SIGT
+——FSOURC
—PLIZ = SIGRD
| +——PAINT ———--OPNBUF
[ +—%RDBUF
| +—DELT
| +--TWO - -——FNX
| | +—-FKIN
I +——0NE - ENX
| I +~--FKIN
! +——FORM
+—-PIJ3 — INP2F
] +-—INP3I
I +—ITER —----MATINV
I | +—-RELAX
| +—TEDIT
+--PEACO ——--PCOPRE
I +—PCOINT ——~ PCOCON
| +--PCOINZ----- —PCOCON
I +—-PCODAT
N +——PCOSFX
| +—PCOAVG—————- PCOFIN
| | +—-PCOPTIJ—-—-+P1J2
I | +—PCOQTI————- FFX
| I | +--PE
| [ I © +-@TSD1
| { | +-xPTJ2
| | | +—--PCOEXP
] | | +—PCOCHK----FFX
| ] | +-PE
[ | i +@TSIN
[ | | ++PLJ2
[ | | +-PCOEXP
[ | +—-PCOINT
[ [ +—-PCOQIN----@INTRPL
[ +-—--PCOOUT ————- PCOCON
I +——PCOMCR----@GPLOTZ
| +--PCOPLT-————@GPLOTZ
] +—@PLOT
——-MIXK - -MIXX1
+—xANISNZ
+--FSOURW
+—+TWIRNZ
+--TUDE2  ~———- INPT2
[ +——INPT3
[ +-~-INPT4
| +--1ITUD ———- YINT
! | +—-PROD
| i +-—RELAXT
| +——COUTPT2-——---VINT
I +—~FINT
+-—CVMACT
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+—+CITZ2

+--REACIN ——-REACI1

+—REACT ——-FLUXRD-———- RAFXID
| | +—-RFLXZD
| | +—RTFX1D
[ | +--RDFXED
| | +~-RFLX3D
| +—REACT1 ———- [LSIGMA
[ | +—-DREACT
| | +—-REAPRT
| +—REACTS - ~—-PHXRD

. ] +-~-INTEGP
| 1 +——REAC31
| | +---55IGMA
| | +—-FREACT
I +——CNVCAL-————- CNVFPREE
I +——-CNVSIG
| +—-CNVCA1
+-—TSOURC

+- - TSOURW

+—HOMOSP

+—-CONDEN-———— ENTAPR

H +—~CONDEM

+——CONCAT

+---MICREM-——---MICREFF  +~-MOVEVT
+—-BURNIN  +—-BURNO7-——--BURNOS
| | +——BURNCS
| +--BURN10-- ——BURNCQ
+——BURNG3---—-BURNO4
I +--~BURNOD
+--BURNI1
+-—BURNOG

1 +--BURNOZ- - ——BURN11
i +—-BURN1Z
| +——FRRBRN

|
I
|
|
|
<|
| +—-BURNO1 —-~~ FRRBEN
1
|
|
I +——BURNXX
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| +--S851
+—-FINPRI --—ADDR
+~-FINPR ~—-—- WOT

+-—SUMARY-———— WOT *
+——AFACTR-- —WOT

wszzz=zo———-=== CIT1 : Input and check of CITATION =s=========

CcITt  ——— PERTIN-—---PERTINI
+--CIT2 - SETV

+——BNSB

+-—IPTM  ——---SHOX
+--CNTR
+——RSTR  ———— TRAN
+——BNSB
+--GFOMC
+——LVMX
+—MESH
+—CoMP —-—-CMOT
+—-KOMP  —----KMOT

CIT2 - CALR -—-——WSTR ——KRAN
| « WFCC
+-~HOWE
+—-EIGN ————- BIGS ———-XSEI ———- RQED
| +——CNST

+—-FLUX  ———-BEGN

! +~-—1.00P

| +—WFLX  —-FINS
i +—-DNSD —-———-FWRD
I 1 +—-FXRD
I [ +-—HWRD
|

|
|
[
]
|
|
I
|
i
|
[ | +—HXRD

I
!
|
I
I
I
i
I
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i | | [ +—-DPER

1 | | I +——FTRI

[ ! | i +--FINS

[ i i +——ABPR

} | | +——GINS

i [ | +--FXTR

i [ | +—-RDUE

| I | +-—RQED

I [ i ~—-ITED

I 1 | +——CNST

| [ +——KNST

I [ +——KNFX

f | +—KLUX - KEGN

[ | | +--KOOP

[ ] | +——KNSD--- -~ —KWRD

I i | | +—KXRD

[ { | ] +——K/RD

[ i I | +- ~MWRD

I | | | +——-KPER

[ i | | +~~KTRI

[ i | } +—KINS

| | | +--KBPR

| [ I +—-GINS

| I | +—EXTR

| I | +—-KDUE

| I | +--RQED

! I I +--ITED

| | | +—KNST

l I +—DISH —----DIRT

I I +—CRSH ——-———- MASH

I | +--DASH

| | +——KASH

I | +--FASP

I [ +--NMBL.

I I +--DODA

I +--QUTC ————- RQED

I | +—-POUT

I } +——KOUT

I [ +——PDWT  ————- RQED

| [ +—-KDWT ———- RQED

I [ +—NUDN  -——-- POUT

I [ +—KUDN ——---KOUT

I I +—PTAB ——- POUT

I | +—-KTAB ——- KOUT

I [ +--ELBT

| ! +—PERTC ~----PERTM --- - PERTF

I j +—-PERTC1———— PERTC11

| | | +-PERTC12

| 1 +—PERTCZ

| | +—-PERTL —---~PERTLI

i +——RQED

| +---CYCR

+~-CTFLUX

============= TWIRNZ . Main part of TWOTRAN routine =====z=======

TWTRNZ - --INPUTW---- - INPT11-———- CLEARW

| | 4 FSPVEW
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| +——CVMASH
| +~-DUMPRD
+-~INPT12-----CSPREP——— - IFINXS
4~ INPT13--- - READGF

I
-

i

[

+--GRINDZ--- ---GRIDZ21 ——— INITAL——— INITQ ——— MPLY

! | +--FISCAL ‘

| +—MONITR--——- SECOND

| +—-GRIDZ2———— OUTER ————- DUMPER

I | +——INNER —----SETBC

I I I +-——STORAF-----FCWR
| I | +——SAVEAF

I | i +—IN - FIXUP
| | { 4-QUT  —=——— FIXUP
l | | +--REBAL

| I { +-—PCMBAL

I | +--GSUMS

| +—GRIDP3———- TESTS ——-—-PCMBAL

i +--REBAL

| +—-NEWPAR
+—-OUTPT3~-——0QUTT31 ——— FINAL ———-- MONITR -~--—-—SECONDM

| +—PDSFLX
+-—IFOQUT - -—-IFRITE

+--QUTT32-----EDCALL-— - ~GENFLO
+-—EDITOR---——EDMAP

—zooom-z===== GQEOMTY : Plot of cell geometry for PIJ ======z===

GEOMTY ——~@NEWPEN
~-~ORGSET--- -@PLOT
| ~~@FACTOR
| +——GTTILE - @GSCHAR
+-- GEOMO1~-—--CIRCLG —-@CIRCL
| +——INUM -———6GSCHAR
+--GEOMOZ
+—~GFOMO4-~ - - ~CNTPLY-- - @POLY
| +--CIRCLS --~-CIRCLG——@CIRCL
+~~GFOMO5 - -~—CNTPLY - ——@POLY
I +-~CIRCLS - — CIRCLG- —— @CIRCL
+-~GEOMO6 - ——~CNTPLY -~ —@POLY
| +~—CIRCLH-~——-CIRCLG----@CIRCL,
4~ GEOMOT - - ——CNTPLY-~—@POLY
i +--CIRCLH-~- —CIRCLG—--@CIRCL
+--GFOMOB
+-~GEOMOS - -—- -CIRCLG---~@CIRCL
+--CFOMI0 - ---CIRCLG ——@CIRCL
| +~CIRCLP-----CIRCLG——@CIRCL

| +—-NUMPIN

| + - ~NUMCYL—- - CHKPIN

+—~GEOM1 {-—----CIRCLG-—@CIRCL

1 +—~CNTPLY----@POLY
+—-SRICYL.

|

| +——CIRCIH-----CIRCLG ——@CIRCL
| +--CIRCLP-—- --CIRCLG-——@CIRCL
| +—-NUMPIN

| +=-NUMCYL———- CHKPIN
+--GEOM13- - ---CIRCLG ——@CIRCL

| ——@DASHP

- GEOMI 4-—- ~HEXP
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+—-CIRCLG—-—-@CIRCL
+——EXAGP- — - ——HEXP
+—-NUMPIN
+——NUMHEK -~ -——CHKPIN

READ (ZWRITE ZDFLETE ZRENAME %SEARCH %GETLEN ZOPNPDS ZCLSPDG ZOVRWRT )
—————— PFSF%PDSRD  %PDSWRT %PDSRNM ZPDSSRC ZPDSMEM ZPDSOPN
I ZPDSCLS %PDSLEN ZPDSDEL Y written by assembler
+—- FILSRC

+—— PDSERR -

Note. Mark "%’ before a rcoutine name denotes the routine 1s an entiry
of a multi-entry routine, '@ a built--in of FACOM-M330 or a
routine 1in the JAERI Scientific Subroutine Library, and "+  a
root routine of which tree structure is described elsevhere.

st A S e f e e frofu et CORE B[_]P\N e el e ———
MAIN-—- -CEBN- —- -~ ADRSET-——-8ERRTRA

+-%PSCORE

+-—-CRBND - ----@DTLIST

+-HSETV

+ --CRBNIN —---SI7EX

I +——CREBNIZ
e -SI7EX

+--CRBN1

+——CREN12

1---CRBNZ2  ——- -CRBN21

] +--CRBNZ2

I +--CRBNZ3

+- -CRBN3

+—-CRBN4 ————— CRBN4B

I ———INTPOL-——— INTCHK
| I +--EXTFOL
I I +—TRIINT
I I +--SQRINT
I +-~CRBN41

+- $BNSB

+——IPTM ————%SHOX

I +-FCNTR

I ~—%RSTR

I ~-%EBNSB

| +- BGEOMC

I +-—8LVMX

| +—EMESH

| +-3COMP

| + - FKOMP

I +—$OVER

[ +-FCMOT

[ - FKMOT

[ ——FKSIG

[ +——MACR

[ +—BKRST

[ +—BSSET

[ +-FTAPY

|

+-8DISK
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+—FBKLE
+-FFXS0
+-%SRCH
+-EDYPD
+-FWIO3
+—$CNIO
+-ES17E

+-RCALR

+- -CRBNT

+-—CRBNS

+--CRBNG - -—SIZEX

- +—~CRBNG1 - -———CRBN46

+-=INTPOL. -~ ———INTCHK
| +—-EXTPOL.
I +—-TRIINT
i +-—SQRINT
+--CRBM4 1

Note. Routines marked by $ are common with those in CIT1 and CITZ.
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V. Structure of I/0 Files

We shall describe the structure of I/0 files and their physical
contents which will be helpful to prepare the input and utilize the
output .

The most of data libraries and output files are stored in PDS
files . For the user who are not familiar with PDS file we shall
mention about it. The PDS ,we concern, is a Partitioned Data Set (DS
organization PO with undefined record format., and maximum block-size of
the device ) charaterized by storing a data array by a member name in
binary mode. To manage the file by Fortran program we use a subroutine
RWPDSF written by assembler language. The subroutine permits us to
switch the data set under process and also 1indicate the member. The
processes available are to inform the array length, read, write,
delete, and rename a member. This routine is used not only in the SRAC
but also in the auxiliary programs which allows us to manage the file
by our macroscopic TSS commands PDSEDT, and PDSEDGRP  together with
built-in TSS commands such as LISTD, DELETE, RENAME like to manage a PO
file of EBCDIC mode.

Another advantage of using the PDS file arises from the control of
member name of eight characters. We will see in the following descrip-
tion that the member name Is composed of some characters to denote case
ID.mixture 1D, or nuclide ID, and other characters to denote physical
contents such’ as reaction, temperature., spatial index, burn-up
step, ... etc..

In the following description for the member name, for example,
"CzzmO000 ", capital letters and digits denote fixed characters for the
member name and lowercase letters denote variable characters.

V.1 Fast Neutron Microscopic Cross Section File (PDS)

The microscopic group cross sections. the tables for self-shielding
factors., and resonance level paramelers are stored in a PDS file which
will be used by DD name of FASTP for the public (basic} or FASIU for
the user library. Both of them have the same organization as described
below. The public library keeps the information for all available
nuclides in the 74 group structure, and the user library does that for
the selected nuclides in the user’'s group structure.

The following eight kinds of members are stored in the library.

MEMBER NAME Contents

skl s e o s s sl ook s shog oo ek s ofeok s st o st kst otk sk f sk sk gk skt st ook dolok ook ok o

FASTLIB Control information for the library

FISSYILD® Pseudo fission neutron yield

"CzzmQ000" Control information for the nuclide zzm

" MzzmQ000" Principal data for the nuclide zzm

"FzzmCO00" Self-shielding factor table for the nuclide zzm

"RzzmQ000° Control information for resonance parameters of the
nuclide zzm

"PzzmQ001" Resonance parameters for [-state of the nuclide

"BzzmO00r Background cross sections for the reaction r of the

nuclide zzm.
r = F for fission
r = C for capture



42 Revised SRAC Code System JAERI 1302

r = E for elastic

"Yzzm0000 " Delayed neutron parameters

"Qzzm0000° P> component of the elastic scattering
" Szzm000G” Py component of the elastic scattering
" Tzzm0000" P, component of the elastic scattering
"UzzmQ000" Ps component of the elastic scattiering

sfeof e e o e o st st she b s o oo et s ofof ok sk o e e o sk e e s e s sk e ke e sode st koot af b st el sk sk ek s ko stokok ok ko ok
Member FASTLIB ' /24NGF 1 B/
sheofsk sk ko sk steoksheok ok ok

The member keeps the information about the energy group structure
in a vector.

NGF ,NGF1 ,NGF2,NGF3, (Wg,g=1,NGF ), (Fz.g-1,NGF+1)

NGF Total number of energy groups.
= 74 (Ec = 0.414 V) in the public library

NCF1,NCGF2,NCF3 The lowest group number in each energy range of the

fast (1 MeV) , smooth (B0 keV: , resonance 1 ({130.07
eV , respectively. The NGF-th group must be the lowest
in the resonance II range.
Wg Weighted lethargy widths which will be used in collapsing
the energy group structure.
Eg Boundary enrgies in eV,
Member FISSYILD SNGE/

Feorkok Ak kA Ko ,

The mermber keeps Lhe fission neutron yield of U-235 to provide the
fixed source in calculating the fast neutron spectrum for non fissile
material.

¥g.g=1,NGF Fission neutron yields in the g-th group normalized
as sum of Xg = 1

Member Czzm0Q00 /42/
sttt sk koo ok ook ok

zzm (3H) Nuclide identification composed of chemical symbol of
the nuclide and the last digit of the mass number. The
available combination of =zzm 1is listed in Dictionary
VIl 3.

The member kecps the control information of the nuclide in a vector.

ICAP = 0 no capture
= 1 capture cross sections stored

IFISS = 0 no fission
1 fission cross sections stored

IRP = 0 no resonance parameter
1 resonance parameters stored

LTOT Vector length of the member MzzmOC00 described
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below.

LTHi,i-1,4 Partial vector length which contains the i-th scattering
matrix, where i=1 for inelastic. 1=2 for NZN, 1=3 for
elastic Py, and i=4 for elastic P.

LAi,i=1,4 The lowest group number of the energy range where the
i-th scattering occurs.

LDi,i=1,4 Number of energy groups to which the slowing-down occurs
in the i-th scattering.

IFS Index for shielding factor tables
= 0 no shielding factor
| shielding factors for any reaction are tabulated

IFTR,IFC,IFF,IFE, and TFER
Indices for self-shielding factor tables for partial
reaction of transport, capture, fission, elastic, and
elastic glowing-down, respectively.

NGMIN and NGMAX
The highest and lowest group number for self-shielding
factor tabulation.

NSIG Number of admixture cross sections which are used
as one of the arguments for interpoclation of
self shielding factor,

NTEMP Number of temperatures which are used as the other
argunent for interpolation of self-shielding factor.

AMASS,SIGP, and SIGCO
Properties of the nuclide; atomic mass in amu, potential
scattering cross section, and the 2200 m value of capture
cross section.

TEMP1,1=1,NTEMP
Temperatures for tabulation.

SIGi,1=1,N3IG
Admixture cross sections for tabulation.

IFL. Order of elastic scattering. Normally =1, =5 for
hydrogen.
Member Mzzm0000 JLTAY S

s Ao R kR ok ook
The member keeps the principal neutron cross sections.

CAPTi,i=1,NGF
Capture cross sections if ICAP=1.

FISSi.i=1 ,NGF
Fission cross sections if IFISS=1.

FNUi,1=1,NGF
v fission neutron yield per fission 1f IFISS=1.
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FSPC1,1=1, NG
Fission neutron spectrum if IFISS=1.

TRi,i=1,NGF
Transport cross sections

WETGHT1 ,i-1,NGEF
Lethargy widths weighted by fission neutron spectrum

FLAS1,i=1,NGF
Total elastic cross seclions

N-Ni,i=1.LTH{1}
Inelastic scattering matrix of the length
LTHy = (LDh{1 1 »=LA{1 ), ordered as.

11012200 oo H T LD)
O2.2,0235 « 0 - 02-2400(1) »
Ogﬂg _vogég-}—] L 50949-41'_{)(1) b

NeNi,i=1.LTH{EZ)
NeN scattering matrix of the length
LTHZ) = {IDE3+1 =LA,

FIPOi,i=1,LTH{3)
Flastic Py scattering matrix of the length
LTH By = (AD{33+1 LA,

FLP1i,i=1,LTH{1)
Elastic P; scattering matrix of the length
[TH4 = (LD{4)+1 =LA4}.

Member FzzmO00O if IFS=1 ‘
skt Aok d st NSIGHNTEMP= (NGMAX-NGMIN+1 3= (IFTR-IFC+ TFF+IFE+IFER+1 ;/
The member keeps the self-shielding factor table.

Member Rzzm0000  if IRES=1 B/
ook sk e eofe o okt f o
The member keeps the control information for resonance
level parameters,

NLS Number of neutron orbital angular momenta

SP1 Nuclear spin

AP Scattering radius in unit of 16 Zem

AWR Ratio of the mass of the nuclide to that of a neutron

EL Lower limit for a energy range
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EH Upper limit for a energy range
Member PzzmQ00! 1f IRES=1 A15=NRS+1/

oo Ao skokokof s A ok

The member

keeps the control information for a given 1l -value,

repeated for [ =0,NLS-1.

L

NRS

Value of 1
Number of resolved resonances for a given 1 --value,

15 resoclved. resonance parameters per a level so as to
express the multi-level formula, repeated NRS times

resonance energy (eV)

statistical factor (2J+13/2/(1+1)
total width feV)

neuatron width {(eV)

gamma width (eV)

fission width (e¥)

peak value of total cross section
Yo-2.6-10%AT Dy / (TER; )

peak value of scattering cross section
Loy (OpG,Ad Ty, T 3172
B.={1.0~ {ool v/0p0))
Tea=00 ,.fj/G P

L=mogl, /2ER;

U -value for total
V-value for total
U-value for fission
V-value for fission
for j=1,NRS, and op is potential scattering.

1/2

Member BzzmG00r if TRES=1
sk sk otk ook o s kg ok

The member keeps Lhe background cross sections for a given reaction

NR

NP

Number of energy ranges that have been given. A different
interpolation scheme may be given for each range.

Total number of energy points used to specify the data.

NBTi,INTi.i=1.NR

Interpolation schemes

Ei,g; ,1=1,NP

Background cross sections

Member YzzmGOO00 if IFISS=1 S3+2+B+NGE+T/
stk sk o ook ok ok o b Shsf ok
The member keeps the information related delayed fission,

ER

Incident neutron energy for the following delayed fission
data in eV. {always = 0.0253;
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NUT Total v value for thermal fission.

LAMDAL ,i=1,6
Decay constants for delayed neutron family 1.

BETA1L,1=1.6 :
Fraction of delayed neutron family 1. Sum of BETA1I=1,

NUD k,k=1,NGt
v value of delayed neutron for group k in fast energy

NUDT .
v value of delayed neutron for thermal fission

KATDk,1 k=1,NGF 1=1,6
Delayed fission neutron spectrum by family 1

Member 'Qzzm0C0Q" P> component of the elastic scattering /LTH/
e e sbofe oot sheskof gk ook
ElLP2i,1=1,LTH
Elastic scattering matrix of the length
LTH = {dD{4+1 +LA4).

Member 'Szzm0000" P component of the elastic scattering /LTH/
sfe s ofe oot sk ook st e o ok '
F1P3i,i=1,LTH
Elastic scattering matrix of the length
LTH = (LD{4)+1)xLA{4).

Member ‘Tzzm0000 ™ Py component of the elastic scattering /LTH/
s e ot ok ok oo ot o
ELPAi,i=1.LTH
Flastic scattering matrix of the length
LTH = (D4 +1 A4,

Member ‘"Uzzm0Q00  P; component of the elastic scattering JLTH/
N S = T S R RIEA
ElLP5i,i=1.LTH
Elastic scattering matrix of the length
[TH = (ILD{A4)+1)+LA4).

V.2 Thermal Neutron Microscopic Cross section File (PDS)

The microscopic group cross sections, the tables for self-shielding
factors in the thermal neutron range are stored in a PDS with DD name
of THERMALP for those of public (basic) and THERMALU for those of user
libraries. Both have the same organization as described below. The
public library keeps the information for all available nuclides in the
48 group structure, and the user library does that for selected
nuclides in the user’'s group structure. A file stores in a PDS file
nine kinds of members as listed below.

MEMBER NAME — CONTENTS

sk o e s s e s of s o sk e e he e st b etk sl s o oo sk e st s sttt ok ok sk e ki ek sfor ok
"THERMALLL® Control information of the library

"Czzmc0O0' A control member for the nuclide zzm

"Kzzmc00t'  Upscattering, capture, total and fission vectors
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"PzzncOOt”
"QzzmcO0L”
' SzzmcO0t’
"TzzmcO0L’
"Uzzmc00t.”
"FzzmcOOL”
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with or without Py matrix

P, matrix (given for moderating nuclides only)

P> matrix (given only for H in H20)

P; matrix {(given only for H in HZ20)

Py matrix {(given only for H in HZ0)

P; matrix (given only for H in HZ0} .
Shielding factor tabulation (for nuclide which has
any sharp resonance in thermal range)

o s b ks e st s s st b e etk sk ok kol ook e et s st st Rt s e e st o f st s Rt R R o oF

vhere ‘zz’ denotes element chemical symbol as described 1in Sect . I1.2,
and 'm’ for last digit qf mass number to discriminate isotopes, "t" for
the temperature index as shown in Dictionary VII.6, and ‘¢’ for chemi-
cal compound state as shown in Dictionary VII.4. Matrices K, through U
are organized to have the same length.

We shall describe the physical contents of a member.

Member THERMALt , /2% (NGT+1 )/
stk ok ok ok ok

NGT Number of energy groups
Wig, Integrated asymptotic neutron spectrum in the group which
will be used as weights for collapsing the energy group
structure. The spectrum is prepared to form the Maxwel-
lian of neuiron temperature Tn=Tw+H0; and 1/F above the
cut off of 5+kTm, given for g=1.NGT.
| = Boundary energies, for g=1,NGT+1
Member Czzmc00QO - /30
fesfee sk ko gt ok ok ok ok
INT (1) = Q non fissile
= 1 fissile
INT 23 = sum of IM{I)

IM{1)= 0 K-matrix which keeps four vectors of up-scattering,

capture, total and fission.

IM{2)= 2 K-matrix keeps Py matrix plus the above vectors
IM{33= 4 plus P-matrix for P
IM(4)= 8 plus Qmatrix for P
IM(4)=16 plus S-matrix for Ps
IM{4)=32 plus T-matrix for Py
IM{4)-684 plus U-matrix for P5

INT (3

INT{4)
INT (5
INT &)

INT {7

= 0 no self-shielding factor tabulation
= 1 self-shielding factor tabulation

The highest group which has self shielding factor
The lowest group which has self-shielding factor
Number of admixture for self-shielding factor tabulation

Number of temperatures for which the cross sections given
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INT(8),INT (9, INT(10} not used
DMi,i=1,10 not used

SIC0:.1=1.8 Admixture cross sections for the tabulation

XNU 1 value in thermal range
DM20 not used
Member KzzmcQOt NGT+ (NGT+4)/or /4+NGT/

stestesfest s et o Aok of ok

O .gq° Scatterihg cross sections from group g tog', for
g =1,NGT, and g=1,NGT

Oup g Up scattering cross sections for g=1.NGT
Oc g Capture cross sections for g-1.NGT

0t g Total cross sections for g=1,NGT

0f g Fission cross sections for g-1.NGT

Members Pzzmc00t, Szzme00t, TzzmeQOt. and UzzmeOOt have the same
structure as the member Kzozme0OOt, except that they keep zero values of
capture and fission cross sections.

Member FzzmcOOt /3s {INGMAX-NGMIN1 3/
sk st e sk ok etk e ook

FTCP1, 1=NGMIN,NGMAX
Self-shielding factors for capture cross sections

FTEFSi, 1 =NGMIN,NGMAX _
Self-shielding factors for fission cross sesctions

FTTRi, 1=NGMIN,NGMAX
Self-shielding factors for total cross sections

V.3 Effective Microscopic Cross Section File (PDS)

The effective microscopic group cross sections in fast and thermal
energy range are stored 1in a PDS file which will be used by DD name
MICREF. The content is self-shielded group cross sections as a result
of the Table-lLook-Up, the IRA or the PEACO calculation. They can be
used as if they are infinitely diluted cross sections.

The following four kinds of members are written into the file under
the condition that the IXMICR in BLOCK 4 of Sect 11.8 is specified to 1
to a nuclide and F-table is prepared in the corresponding energy range.

MEMBER NAME Contents

s e e s o s oo sheode o sk o sk bk s sk ok ok e oo sk sk oot oo ok sk sk okt R b ok ko A e R ok

'Czzmbbhft’ Control information for the nuclide zzm for fast energy
range

"MzzmbFbf L’ Principal data for the nuclide zzm for fast energy range



JAERI 1302 V. Structure of IO Files 149

"Czzmlbft’ Control member for the nuclide zzm for thermal energy
. range
"KzzmTbhft’ Upscattering. capture, total and fission vectors with or

without Py matrix for thermal energy range
stesbe sk e o e b ofe o sk ok i e e ootk feof s ok shsie sk e of kb s o sk st e ek e e s st s e e s s ot s sk e sk s ok ok ok

Member CzzmEFbft Control for fast range J42/
sk ok s g fof ok sk e

zzm (3H} Nuclide identification composed of chemical symbol of the
nuclide and the last digit of the mass number.

b {1H} Burn-up indicator 1if ICZ0=1 is specified. Otherwise the
sixth character of the mixture name MINAME in BILOCK 2 of
Sect,11.8 is transferred to this tag.

f (IH; Mixture 1indicator:. the seventh character of the mixture
name is transferred.

t (1H; Temperature tag taken from that of the nuclide identifica-
tion IDENT in BLOCK 4 of Sect.Il.8,

The member keeps the control information of the nuclide in a vector

ICAP = 0 no capture
= 1 capture cross sections stored
IFISS = 0 no fission
= 1 fission cross sections stored
IRES = 0 no resonance parameter (fixed)
LTOT Vector length of the member Mzzml00C described below.

LTH:.,i=1,4 Partial vector length which contains the i-th scattering
matrix,

LA1,1=1,4 The lowest group number of the energy range where the
1-th scattering occurs.

LDi,1=1,4 Number of energy groups to which the slowing-down occurs
in the 1-th scattering.

IFS Index for shielding factor tables
= 0 no shielding factor (fixed:

IFTR,IFC, IFF, IFE. and IFER
Not used

NGMIN and NGMAX

Not used
" NSIG Not used
NTEMP Not used

AMASS, SIGP, and SIGCO
Not used.

TEMPi,1=1 ,NTEMP
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Not used

SIGi,1=1.NSIG

Not used
IPL Order of elastic scattering. Normally =1
Member Mzzmbblt Fast neutron scattering matrices JLTOT,/

e sk sk stofeotodoop s

CAPT1,1=1,NGF
Capture cross sections if JCAP-1.

F158S1,1=1,NGF
Fission cross sections if IFISS-1.

FNU1,1=1,NGI
v fission neutron yield per fission if IFISS=1.

FSPCi,i=1,NGF
Fission neutron spectrum if IFTSS-1.

TRi,1i=1,NGF
Transport cross sections

WEIGHT1.1=1,NGI
Lethargy widths weighted by fisston neutron spectrum

Fl1AS1,1=1,NGF
Total elastic cross sections

N-Ni,1=I,LTH:1}
Inelastic scattering matrix of the length
LTH{1Y = (D1 +1)+LA(1 ).

NeNi.i=1,LTHZ;
NPN scattering matrix of the length
LTH{2; = (AD@E)+1)«LAZ].

HP0i,i=1,LTH{3}
Flastic Py scattering matrix of the length
LTH{3) = (AD{3)+1 )xLA(3).

FPli,i=1,LTH{1 )
Flastic scattering P; matrix of the length
LTH 4 = (D4 )+1 +LA4 ).

Member Czzmibft Control for thermal range
sk kg ok ook ok bk +

INT {1 = 0 non fissile
= 1 fissile
INT (2 -~ 0 K-mairix which keeps four vector of up-scattering.
capture, total, fission (fixed)
INT {33 = 0 no self-shielding factor tabulation (fixed)
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INT{4) through INT{10} Not used

DM1,1=1.10

Not used

SIG01,1-1,8 Not used

XNU

DM20

Member KzzmTbft

v-value in thermal range

not used

seopestesbofesk g ook deok ook -

Oup g
Uc,g
Ot!g

Of g

Up-scattering cross sections for g=1,NGT
Capture cross sections for g=1,NGT
Total cross sections for g=1,NGT

Fission cross sections for g-=1.NGT

V.4 Resonance Neutron Microscopic Cross Section File (PDS)

151

S 4+NGT/

The microscopic ultra-fine group cross sections are stored in PDS

file which is
calculations.

The followl
MEMRER NAME
s sk ok s sk ok b o kefok

*CzzmQ00L "

"Fzzmr00t~

s sk fe sk e s oo of ko o
Member Czzm0OO0t
st st ke skt ofof
The member
temperature
IA
NOMESH
NOIG
NF'1
NFII

JFISS

used by the DD name of MCROSS for the resonance integral

ng two kinds of members are prepared in the library.

CONTENTS

sk ks o e o ok sk sk kb ok s st b ko o sk ol s skt kb kR Rk o
Control information for the nuclide zzm of temperature
tagzed L

Fine resonance cross sections for the nuclide zzm of
reaction r of temperature tagged t

r = F for fission

r = C for capture

r - E for elastic

e ke s o o s o o e sk s sk s o e ke ook o e st s sk s sk sk sk ko ok ok ok ek kg R K

/147

keeps the control information for the nuclide zzm of
tagged by U.

Not used

Number of broad group

Number of fine group

Number of ultra-fine group in a fine group

Maximum number of ultra-fine group

= 0 non-fissile
=1 fissile
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MVOGO S-S interference effect option

NMS Number of S-wave resonances

NMP Number of P-wave resonances

TEMP Nuclide temperature in Kelvin

AM Ratio of atomic mass of the nuclide to that of a neutron

EEUP Upper limit of the energy range where Cross secticons are
given

EELW quer limit of the energy range where cross sections are
given

UIGP Lethargy width of a fine group

Member FzzmrCOt
etk ok shestoor o s ook

The member keeps the cross sections for the nuclide zzm of the
reaction r of temperature on the ultra-flne energy group.

0,; for 1=1,NOIG+MIT, r=F,C, and E.

V.5 Macroscopic Cross Section Files (PDS)

The macroscopic cross sections are stored in PDS files with DD name
of MACROWRK for those of fine group and with DD name MACRO for those of
few group energy structure. Both may be assigned to a same Data Set.
The separation is effective if the user needs to keep only the few
group cross sections on the catalogued file. The hoth have the same
organization as described below.

MEMBER NAME — CONTENTS
****#****#*%**%*****$****#**$*************#********k*x$**************

"CONTe00p Energy group structure

"nameebnp’ Cross section set

"nameebn¥’ Delayed neutron data in fine group structure
"nameebn?’ Delayed neutron data in coarse group structure
"nameebnM’ NoN cross section set in fine group structure
"nameebnN’ N2N cross section set 1n coarse group structure
"caseNDEN' Summary information of a cell burnup calculation

***#****#***#*k#+k$$******%*******************%******$*M*********?$**

Member CONTeOOp /2 (Number of groups+1}/
R L (e
e {1H> Index for energy range where the cross sechtions are
defined

=F Fast energy range
=T Thermal energy range
=A Whole energy range
p {1H> Index for energy group structure
=0 Coarse group
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=2 Fine group

This member keeps the informaltion about the energy group
structure in a vector of length 2« (NG:1 ), as follows.

NG Number of energy groups )

Weg.g=1.NG Weighted lethargy widths which may be utilized in col-
lapsing the group structure further.

Fg.g=1,NG+1 Energy boundaries starting al the highest energy

Member nameebnp
st o s st o i o sk o

name {4H3 Mixture identification or case identification

e {1H)} Index for energy range , =F, =T, or -A,.
b {1H} Index for the burn-up step
=0 for 1nitial composition
=N for N-th burn-up step; as 1,2,3..... , 9.AB,. ... 1,
Note: The tag 'b" for a mixture in non depletion case keeps the

sixth chapacters entered in the input II1.8.

n {1H} X-region index coupled with case identification to 1iden-
tify the homogenized cross sections.
=1 for the c¢ell averaged cross sections {(total number of
X-region = 1) with the case identification "name’
=N for N-th X-region with the case identification "name’

Note: The tag 'n’ for a mixture specified by the input keeps the
sixth characters entered in the input 11.8,

p {IH: Index for Legendre component and energy group structure
=0 P, component and coarse group
=2 Py component (after transport correction) and fine group
=3 P; component and fine group
=4 P, component (consistent} and fine group

The member keeps a complete set of group cross sections in a one
dimensional array. We shall show below a partial vector corresponding
to a energy group.

1 1Ssg Position of the self-scatter on the scattering vector
2 LGTg Length of the scattering vector
3 ract.g Activation cross section
4 Ef.g Fission cross sectlon
b vif.g v+fission cross section
6 Yrt,g Tétal cross section
T Xg Fission neutron yield
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8 Dlg Diffusion coafficient 1
9 DZg Diffusion coefficient 2

10 Ya,g Absorption cross section followed by the scattering vector

1 Lyq!
r f§~maf

- where gl = g - [.55g + 1

- : g2 = g + LGVg - LSS5g
LSS, Yy-g

LSSy+1 Lo

LGVQ Lgg2

The above organization is repeated NG times in a vector. The vector
length amounts to 104NG + sum of 1LGVg.

Member nameebnY
stk feofe e ok ok ok o o Aok Aok

The delayed neutron data for the mixture or the homogenized cell
tagged by ‘nameebn?’ of the energy range ‘e’ in fine group structure.

Member nameebnZ,
ookttt sk sohog dofook o

The delayed neutron data for the mixture or the homogenized cell
tagged by nameebn0O’ of the energy range ‘e’ 1n coase group structure.

Member nameebnM
sk oo ook oo ook

The N2N matrix data for the mixture or the homogenized cell tagged
by “nameebn2’ of the energy range ‘e’ in fine group structure. The data
organization is the same as for the standard member "nameebn?’ |

Member nameebnN
etk oot ook o A kK

The NN matrix data for the mixture or the homogenized cell tagged
by "nameebn0’ of the energy range ‘e’ 1n coarse group structure. The
data organization is the same as for the standard member ‘nameebn(’ .

Member caseNDEN
stk ok ootk AR ok

. The member keeps 15 items of information packed 1n 1in an array
which will be required in the core burn-up calculation.

case (4H) Case identification

1 NSTEP Number of burn-up steps including the initial step.
2 NTNUC Total number of depleting nuclides

3 NZONE Number of material in a cell

4 IDEPT /NZONE,/
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Flag if depleting {=1jor nol (=0} by material

5 CASE  {A8) Case identification

6 TITLE ‘A72; Title of the case

T DAYS /NSTEPS  Accumulated operation days by step

8 FMWD /NSTEP, Accumulated MW days by step

9 U23bF /NSTEP. Remaining U-235 fraction by step

10 NUCLID {A8) /NINUC+NDEPL/
Nuclide ID(A8) for depleting nuclide, repeated by
depleting materials

11 DENSTY /NSTEP+NTNUC+NDEPL,/
Change of nuclide concentration by step for depleting
nuclides, repeated by depleting materials

12 TFLX /NSTEP+NDEPL/
Change of absolute valus of thermal flux in cm”
repeated by depleting materials

13 S¥bb  /NSTEP+=NDEPL/
Change of Xe-135 microscopic cross section of the
lowest group as the thermal group, repeated by
depleting materials

14 AFISS  /NGR-NSTEP+NDEPL,/
Change of few group macroscopic absorption cross
sections accumulated on fissile nuclides. repeated by
depleting materials

15 CFERT /NGR+NSTEP-RDEPL/
Change of few group macroscopic capture cross sec-—
tions accumulated on fertile nuclides, repeated by
depleting materials

2.1

s,

V.6 Neutron Flux File (FDS)

The neutreon fluxes integrated spatially in ‘R-region’ <(collislon
probability method), in “zone' (ANISN), in “coarse wmesh zone' (TWOTRAN
in ‘region’ {TUD), or in 'zone' (CITATION} and those integrated in X-
region by X region are stored 1n a PDS file of DDNAME "FLUX . For
plotting and homogenization purpose, the volumes of each spatial region
are written.

The following six kinds of members are used in this file.

MEMBER NAME — CONTENTS
sk e st oo sk e ok s sl s e et s oo ook ot stk sk o sk ot sk ks skl sk ot o ok

"CONTAOOpR’ Energy group struclure

"caseeb0p’ Neutron fluxes by R-regione by group

"caseehnp’ Neutron fluxes of n-th X-region by group

“caseeVOL Yolumes of R-regions

‘caseAbS2’ Fixed boundary source (fed by user)

"mmmmAbx2’ Neutron spectrum given for collapsing (fed by user)

S s ke o sk s ot o sk sk s o sk sk o sk s o ks o o ks e s o sk s oot s ekl sk ook i

Member CONTAQOp /2 (Number of groups + 1)/
sk okt stk o sk kb ok

Number of energy groups, weighls, and energy boundaries
for the whole energy range.

This member is not read in SRAC. The information may be
be used in some auxiliary program.
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p (1H: Tag for energy group structure
i =0 coarse group
=2 fine group

Member caseehbOp ANumber of R-regions + number of groups,/
stk sofokeokokob ook sk )

case(4H) Case identification

e (1H)y Tag for neutron energy range
zF Fast energy range
=T Thermal energy range
=A Whole energy range

b (1H) Burn up step indicator
-0 no burn-up problem or initial step
=N burn-up step as 0.1.2,..... 9.A,B.C.....elc.

p (1H: Tag for energy group structure
=} coarse group
=2 fine group

PHIi.g Neutron fluxes multiplied by volume 1 and lethargy width
g for i=1,NRR,g=1,NG

Member casecbnp /Number of groups/
:{c**:k#;{x*iz;}s::{«',\':#\:;if:{t:)-.:_«.:k:v\x:

case(4H; Case identification

e {tH; Tag for neutron energy range
=F Fast energy range
=T Thermal energy range
=A Whole energy range
b {tHy Burn-up step indicator
-0 no burn-up problem or initial step
=N burn-up step as 0,1.2,.....9,A,B.C, ... ,etc.

n {1H} X-region index
=1 for the cell averaged cross sections (total number of
X-region = 1)
=N for N-th X-region

p (1H; Tag for energy group structure
=0 coarse group
=2 fine group

PHIg Neutron fluxes of n-th X-region multiplied by volume of
the X-region and lethargy width g.

Member caseeVOL ANumber of R-region/ or /Number of T-regions/
ook g b el

case (4} Case identification
e {1H; Tag for neutron energy range

-F Fast energy range (R-region;
-T Thermal energy range {R-region)
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-S Thermal energy range (T-region;
~A Whole energy range (R-reglonj}

Vi Volumes of region 1

Member caseAbSZ2 /Number of fine groups/
ook sk e oktok Rk ek b

case (413 Case identification

This member has to be prepared beforehand the execu-
tion. The spectrum will be used as the incurrent flux at
the outer -boundary of the cell. It is used in the fixed
source problem specified by -2 entered to ICl12 in BLOCK 3
of 11.1.

Member mmmmAbx2 /Number of fine groups/
fofe e st Ao ket

mmmis (AH)  Mixture tag of MINAME appearing in BLOCK 2 of 11.8
bx (ZH) b- and x- tag of MINAME appearing in BLOCK 2 of I1.8.

This member has to be prepared beforehand the execu-
tion. The spectrum will be used as the weight to collapse
the fine group cross sections of igolated mixture like
reflector material identified by "mmmm” and “bx’ into few
group constants.

V.7 1/0 Files in Sequential Organization

Here we shall describe the usage of sequential files. Some of them
are used in the special routlne and some are commonly used. It is
organized that if the DD name is identical between in a routipe and in
common use, any conflict use will not occur.

The following table shows the assignment of numerical DD name to
the variable name defined by Fortran statements. Their physical con-
tents are explained by routine.

********4$**#*W%*k**+*$**$*********#**$#$$#**#*$$w*#*$*$$%***%$*****

DD Name © MAIN : ANISN - TWOTRAN :CITATION @ RECFM LRECL
*****************m*$***$***************#*******#****k$%******$$*****
FTO1 : : NTI . NEDIT : IO T VBS :
FT02 : : NIZ2 : 102 D VBS

FTO3 © (MACRCE): NI3 o IVMESH @ 103 ;. VBS

FTO4 © (SRAC »: NT4 © NEXTRA : :VBS

FTOb : . NIN : NINP : :VBS

FT06 - NOUT1 : NOUTY : NOUL : T FBA 137

FTO7Y . (BURNUP }: : : : FB 80

FTO8 : . NI8 © NAFLUX . VBS

FTOS : : © LAFLUX : IOFLX @ VBS

FT10 : - NT&,NT7 ©  IS0TXS @ IX7Y . VBS

FT11 . : - ISNCON @ 1IX/8 T VBS

FTi2 : : : NDUMPL D VBS

FT13 : : . NDUMPZ @ IX80 VRS

FT14 : : o IZMESH @ IX81 : VBS

FT15% : : : D IXe? T VBS
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FT16
FT17 -
FT18
FT19
FT20
FT21
Frez
FT26
FT28
F131
FT32
FT33
F150
FTo1
FI%2
FT8t
FTae
T83
FTot
FIg2
FTSO

(PLJ )

(DR.DZ ) :

EVMACT 3 : :
: T NSOUC - IFIXSR @ IX139
T ITFLUX - ; :
© {(BURNUP): -

{MACROE )

{BURNUP }:
(MICREE):

(PIJ)
(PIJ3}
(PLJ )

: NOUTZ
ok ook ek o ek ssfe s sl ol s ot ok e ok ko sk

Revised SRAC Code System

1X83
IX84
IX85
1X86
X871

IX137
1X89
IXQ0
X138

D ¥VBS
. VBS

T VBS

L VBS

: IOIN
C{CIT1 .2

. FB
: FB
: : . FBA
sk ook ofe ok o ok s sk oot i sk o e e b ok s ek sk kst ko kACk ok ok

80

136

4080
4080
4080
80
80
137

JAERI 1302

Notesx Name enclosed by ( ) is the subroutine name to use the unit.

i

vV.7.1 PS files for Collision Probability method

DD Name

s ke sk ko ko b e ke s o e ohe o e e o shob ot ot

FT04F00]
FT21F001
FIezroot

FT32°001
FT33F001
FT81F001
FT82F001
FT83F001

V.7.2 PS files for ANISN

DD Name

Heoke st oot ook ok ok s

FTO1FO01
FTO2ECO1

FTO3F001
FTO41001
FT10F0O0!
FTG8F001

FT32F001
FTaRr001

ks o s e b stk pska o ook K s st bk ot stk oo

Variable Name Remarks

NFTOY

NSOUC
NFIN

Variable Name
s sk o s e et ook sk e s s sk s s s s o st o sk e st ookt ot st Rtk ok e

NT1
NT2

NT3
NT4
NTS
NT&

NSOUC
NOUT2

Collision probabilities storage
Directional collision probabilities

storage unit (required if IC17=2)

Interface file for fixed source

Interface file for FLUXES

Scratch unit for path table
Scratch unit for path table
Scratch unit for path table

Remarks

Flux and current storage unit
Flux and current storage unit in the previous

iteration

e s s s oo o s o e o e e o e e ek ook ol sk okok sokok Aok
Total cross section storage unit

Seratceh unit for cross section and fixed
source storage (not used for IDATI is set to

Zero)

Seratch unit for normalization of source
Interface file for macroscoplc Cross

sections
Weighted cross section unit

Interface file for fixed source

Print unit

V.7.3 PS files for TWOTRAN

sk b ook ook s b ok st ook ok
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DD Name Variable Name Remarks

******%#$*****$******************$*********$$**$$******x*******$**k***

FTO1FO01 NEDIT Fdit inpul storage

FTOZF001 TXMESH X-region output storage to SRAC

FTO4F001 NEXTRA Seratch unit

FTO8F00! NAFLUX Angular flux by group

FTOSE001 LAFLUX Qutput form of angular flux

FT10FQO0! 1S0TKS Input for X-sections fed by SRAC main

FT11FO01 TSNCON Qutput for SN constants

FT12F001 NDUMP1 First restart dump unit

FT13F001 NDUMP2 Second restrart dump unit

FT14FC0O1 TVMESH -~ Zone output storage to SRAC

FT32F001 TFIXSR ~ Input of inhomogeneous source fed by SRAC
main

FT33F001 ITFLUX Qutput form of total flux

************ﬁ**x*************************$*#**$$*3**k$***$*****k*****

V.7.4 PS files for TUD (1D diffusion)

DD Name Variable Name Remarks
*********#*******#***#*****#************************k*****************
FT32F001 TSOURC Input of inhomogeneous source fed by SRAC

. maln
FT33F001 IFGUT Qutput unit of fine flux

******************x********#**x************x%**w*x**+******$*******$*
V.7.5 PS files for CITATION
The current version CITATION compiled in SRAC does not work for

cross section mixing, nor density search, nor fuel management.. The
device list following is for the current version.

D Define Variable Remarks
Name Name

*******************$************************$$**ﬁ*#*$%***********$****

FTO1F001 101 Seratch unit, always required.

FTOZI001 102 Scratch unit, always required.

FTQ3FCO1 103 Seratch unit, always required.

FTO4FQ01 104 Storage for microscopic gscattering Cross
sections, not required in SRAC.

FTO7EF001

FTO8F001 10S1G Microscopic cross section library., not used.

FIOOF001 IOFLX Used to store forward neutron flux map by
option. See NGC6 section 001 . Also used to
store forward and adjoint fluxes for use in
per turbation calculation. Required if NGCG>0,
or if the adjoint problem 1s specified.

FT10FO01 Seratch unit, always required.

FT11F001 Seratch unit, always required.

FT12F001 Storage for zone densities. not used in SRAC.

FT13F001 Output unit for restart, required if NGCZ2
and,/or NGC3 >0.

FT14F001 Scratch unit to store macroscoplc Ccross

sections, always reqguired.
FT15F001 Seratch unit to store equation constants if
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1/0 during the iterative calculation 1s
necessary. This is the unit to which the high
speed I,/0 is effective.

FT16FOO01 Scratch unit, always required.

FT17F001 Scratch unit used to store fluxes if a double
iteration type search is being done, used to
to store space-energy fixed source, and used
to save point neutron source.

FT18F001 Scratch unit used in perturbation calculation

FT19F001 Scratch unit, always required.

FT22F001 Scratch unit used in perturbation calculation

FT26F001 N Scratch unit used in perturbation calculation

FT28F001 ~ Scratch unit used in perturbation calculation

FT32F001 Power density and heat to coolant, if
required.

FT91F001 Scratch unit to transfer inpubt data in EBCDIC
mode from CIT1 step to CITZ step

FT92F001 Scratch unit to transfer reaction rate
information in EBCDIC mode from CIT1 step to
CITZ step

st e e s oo sk o o skt ke s sk speskeofe ks obeofesi kst o A ok sk ok ok o sk sk o s R kst ok ootk o ok ot Ak fok

V.7.6 Common PS files

I

DD Name Variable Name Remarks

B ek R S L e SR Ea b R R b R bbb Lt

FTO3F001 Scratch unit for macroscopic X-section
formation

FTOSEF001 NIN System input unit

FTOBF001 NOUT § System print only for message.

FT32F001 Scratch file to feed the fixed source

distribution @ formed in FSOURC or TSOURC
routine to any of transport routine

FT33F001 Secratch file used to transfer the neutron
fluxes sclved by any of the transport
routine to MIXX routine

FTH0F001 Input file to keep the chain scheme for
burn-up calculation
FTS1F001 Scratch file to transfer the information from

the preparation step of burn-up calculation
to the execution step

FT52FG01 Scratch file to transfer the effective
microscopic cross sections from MICREF step
to BURNUP step and to the reaction rate
calculation.

FTSAF001 NOUTZ Print unit
bt o st sk ok oo ol o o e s ek ke o e ot e sfeode ook b s s sk sR s shok sk ot s st skl sk ok R s R ok R o

V.8 Burn-up Library File (PO)

The current burn-up library file stores several optional chain

schemes in separate member of a PO file ; their physical contents are
explained in Dictionary VII.b.

The user who wants to use his own burn-up chain scheme has to

prepare the information in a file which will be read from FTSOF0O0! by
the SRAC as the burn-up library.
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We shall describe the organization of a burn-up scheme.

File attribute: Blocksize 33800 Bytes, Record length 130 Bytes,
Record format FB, Datasel organization PO

Record 1 format (414

NCH Number of chains

NTNUC Total number of nuclides contained in a scheme.

NABSB ID number of the first burnable absorber appearing in the
nuclide table.

NEFIRST ID number.of the first F.P. nuclide appearing in the

nuclide table
Record 2 format (3214)

NSTP (I Number of sub-steps in I-th burn-up step; in each sub-
step the flux normalization is executed to keep the given
power - level. The value 3 is filled for all steps. The
number of burn-up step is an input item entered in II.11.
As we adopt an analytic form for the soluticn of burn-up
chain equations, the results very weakly depend on the the
period through which we assume the fixed flux level. By
this reason we pul this item in the library.

After the ahove two records the file contains the following three

tables;
{1 Nuclide table {N-table)
(2 Chain description table {(C-table;
(3) Fission yield table {F-table

(1) N-table 7/ items in NINUC lines in format (I14.44.214.2E13.5)

ITBL{I. 1 = Numerical ID of not more three digits for the nuclide
ITBL{I.2; Alphabetic ID commonly used in the SRAC system
ITBL{I.3; Fissile indicator (0/1:no/fissile)
IRES{I) Rescnance indicator {(0/2;no/resconant )
DCAY (1) The decay constants
TBL (1,4 % The power emitted per a fission in watt. This item is to
supplied for possible fissile nuclides.
Note = The nuclides have to be ordered in NTNUC lines, first
the nuclides appearing in heavy nuclide chains, second
the burnable nuclides, third F.P. nuclides,
Note =+ EQUIVALENCE (ITBL.TBL

2y C-table /any, signhed integers in NCH lines in format (3214)

FEach burn-up chain 1is expressed by a series of signed integers of
three digits {numerical nuclide ID defined in N-table. In a line. 32
integers may be entered. The first and second integers are used for
control purpose, then the actual nuclide ID appears at the third
integer.

Note: This table is read by Fortran statements as
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DO 10 I=1,NCH

10 READ(B0,20) (ICHAIN{J,1),J=1.32)

20 FORMAT (3214
, therefore first 128 columns in each record does not
allow any string such as comment,

ICHAIN{1,I): the position of the nuclide in the vector TCHAIN+,I1)
to which the calculation of concentration started, norm-
ally this item is filled by '3" i.e. start at the first
nuclide.

ICHAIN(2,I3: the physical length of vector -2 (= the number of
nuclides . in the vector when none of interpreter accompa-
nied ) .

ICHAIN(J,I) for J»2: a signed three digit integer to denote a nuclide
or an interpreter to the previous nuclide.

Meaning of sign
+ © capture reaction yield the next nuclide
—~ . decay yield the next nuclide

Meaning of absolute value

1 through NTNUC . normal chain

20i through 200-NTNUC : interlocked chain

50t through BO0O+NTNUC @ partial capture, partial decay. or N-ZN

' for N-2N case the ID fellowed by 0017, for

partial reactions the ID followed by four
digit integer which is a ratio to 10000 of
the partial reaction,

Ex. 1
002+001+042 o Accumulation of Kr-83 in fission fragment
Fx. 2 '
003+003-061-084+053: 1-135 decay yields Xe-13b, Xe-13% decay yields
Cs-13H
Fx. 3

003+003-063+066+067. Xe-133 decay vields Cs-133, Cs-133 capture
yields Cs-134,

{3) F-table 1/ alphabetic string and /13/floating numbers
in format (A3,13F9.3}; repeated for possible F.P. nuclides
in the order as appear in N-table.

We restrict that the possible fissile nuclides to 13 nuclides of
Th_280 y Th_832 > Pa233 ) U72:33 ] U'\' 284 » U_285 s U286 ] U7238 3 Pu7238 ¥
Pu-238, Pu-240, Pu-241, and Pu-242.

AID (3H) Alphabetic ID of the F.P. given in N-table

FYIEI D1 Fission vyield of the nuclides from the i-th fissile
{order as appears in the above paragraph; for 1=1,13.
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VI Mathematical Formulations
VI.1 Formulations of Ceollision Probabilities

We present in this section the formulations to evaluate the colli-
sion probabilities for a multi-region cell expressed by either of three
one-dimensional coordinate systems (plane, sphere and cylinder) or
two-dimensional cylindrical coordinates. They are expressed in a form
suitable to apply a numerical scheme "Ray-Trace” method developed by
Tsuchihashi "

Description of this chapter will be started by the derivation of
the linear equation to solve the Boltzmann equation by the method of
collision probability, then followed by the formulations of collision
probabilities in various coordinate systems. in which care is paid to
evaluate the surface problem and also the directional probabilities to
yield the anisotropic diffusion coefficients.

For the slab- geometry. the formulation of the ordinary colllslon
probabilities expressed by the E;3 function has been given by Honeck”
starting from the plane transport kernel by F;; function. Here, we
shall start from the basic point kernel. operate first., the double
integration along a neutron line, finally, achieve the angular integra-
tion to yield the general form of the directional collision probabili-
ties expressed by the E,, function.

For phe one-dimensional e¢ylinder, the formulation derived by
Takahashi® needs that the angular integration to scan the collision
regions be repeated for each source region. The similar formulation by
Honeck used in the THERMOS code®  approximates the attenuation of
neutron emitted from a source region by that from the mid-point of the
source region. This approximation could be covered by sub-dividing the
system into so many concentric regions. The formulation given in this
chapter is a special case of the general two-dimensional cylinder. For
an annular geometry, no integration over the azimuthal angle is needed.
The main difference between the present formulation and the formers' 1s
in the sequence and the coordinates for the integration. Owing to the
variable transformation, the angular integration appearing 1in the
formers' 1is replaced by the integration over the volume element dp
where p is the distance from the center to one of the parallel lines
drawn across the system. The number of lines drawn for the integration
is quite small compared with that of the THERMOS code to have the same
measure of accuracy., partly because no repeated integration by source
region is required, partly because the analytic integration along the
line in the source region does not need so many sub-division of the
system.

The formulation for collision probabilities in the spherical system
which can be sub-divided into an arbitrary number of spherical shells
has been given by Tsuchihashi & GotohY in the course of studying the
‘resonance absorption of coated particles in the HIGR, while the escape
probability for an isolated sphere by Case el al 5 and for a special
case of the pebble bed type HIGR by Teuchert® have been derived. It
will be seen that the final form of the present formulation 1s quite
similar to that of the cylindrical case.

Two-dimensional geometry has been studied, first, by Fukai”’ in his
exact expression for collision probabilities in a regular lattice of
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unit pin rod cell. His expression has been applied to the cluster
system with regular array of pin rods by Amyot & Benoist in the PROCOPE
code® . Fukai's expression is characterized by the numerical process to
organize the ranges of double integration for each pair of pin rods
between which the interaction is computed. This method requires so much
sophisticated programming technique that any sub-division ‘of coolant
region has not yet been realized.

An  alternate formulation has been presented by Takahashi &
Nakayama% for the collision probabilities in square and hexagonal
lattice cells which was 1ncorporated in a thermalization code GRAFA!?,
and also independently by Carlvik!"’ for an annularly arrayed pin rod
cluster within a cyllndrlcal channel which was realized in a code
CLUCOP and an English code PIJ'Z"  (both codes have not been released).
In their integral formulation to compute the collision probabilities,
sets of parallel lines are drawn across the system, and all intersec-
tions with region boundaries are determined and the segments of the
lines in each region are measured.

Their formulation has been generalized in the treatment of outer
boundary conditions, and a numerical scheme for the multi-group calcu-
lation, named "Ray-Trace” method has been establlshod by the present
author during his works to develop the PATH-C code!®  for square and
hexagonal array of pin rod cells with a two-dimensional sub division.
This method has been successively applied to the CLUP code!t  for an
annularly arrayed pir rod cluster such as used in the ATR. the CLUPTY
code'™  for the cluster of BWR geometry, and the CLUPH code!'®™  for the
fuel block of the VHIR.

VI.1.1 General theory

We start at the general expression to describe the behavior of
neutrons in a steady state. The neutron angular flux p(r, Q,F) at
position r, along direction Q with energy E satisfies the integral form
of the Boltzmann transport equation,

oir,Q.E) :‘f dRexp (IR
0

[f:dE’f KT (r Q= QE By (r QU LE )+ Sir Q.E)) (VI 1-1)
0 L

vector given by Q = {(r- r'}/R ) Li{s,Exds 1is the optical distance
between point r and r°, Lir, Q YF" -F) 1s the scattering kernel at
point r from direction Q' at energy E° to dlrectlon Q0 at energy E. and
S(r’.Q,E) 1is the neutron source at point r’ of direction Q with energy
E. In the above equation, while the fission neutron source 1s not
expressed explicitly, it may be included in the scattering term or in
the source term.

where R is the distance betwggn Zjint r and r’, Q is the directional

Here, we assume that the scaltering and the source are isotropic;

L (r, 0 —Q.E E) = ﬁ L. (rE —E), VI 1-2a)
i

Sr.Q.F ~E) = 21; Sir B —E) . (VI 1-2h)
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Integrating Fa. (VI.1-1) over the whole angle of , we obtain,

@(r;E) = j‘cﬁi-i—‘[mdﬁexp(—fﬁj
1= 4T Jy

[j:ﬂdE'Es(r‘,E?*aE)@(r',E’)4— Sir E}] ‘ (VI.1-3)
where ¢(r.E) is the neutron flux at point r with F, and i1s defined by
p(r.E) -Ldﬁ plr.Q.E) . VI.1-4)
Equation {VI;]—S) can be rewritten by the relation dr' =R°dRdQ .

Lir.Exo(r.Ey = fdr'P{r’%r,E)

[fo dEY, (r B —Eyo(r B 3+ Sir 3, VI 1-5)
where
. B ¢ o TP b . 8
Pr' —r.E) = = Hexp{— Lis)ds] . Vi.1-6;
AxR- 1)

By the form of Eq,{VlflfG), the reciprocity relation holds,
Yir EPr —-r k) sE(r B3P (r--v B . (VI 1-7)

We divide the whole system under consideration into several
regions. Each region is assumed homogeneous with respect to its nuclear
properties, but different region are not necessarily of different
materials. The region is the spatial variable in the collision probabi-
lity method. We denote space dependent cross sections with subscript 1t
which are associaled Lo Lhe region 1. Integrating Eq. (VI.1-H) over Vj,
we obtain

¥ (E}f@(r,ﬁ,‘)dr :Zf dr| dr
v, i vV, V.
[[N;:S<i«:v»1£);af:r',E')dE'¢ Sr EY) P (r —r.E) (VI.1-8)
i

We make the flat flux approximation so that the neutron flux ¢{r,E; is
assumed constant in each region. for example, it is expressed by ¢ (E)
in the region 1. This assumption leads the equation,

5 EW; o EY = )P )V, f Lot (B Edpi (E )+ Sy (E)) . (VI.1-9)
i 0

wvhere the collision probability Pij{EJ 15 defined by

Lk . (— TR . .
._({\:: jK,f_f exp\“J 2 /,._ )
P (F: 4z V’(Ir v{dr e e (V1.1-10)

It is explained as the probability that a neutron emitted uniformly and
isotropically 1in the region t has its next collision in the region j.
We divide the neutron energy range into multi-groups. The average flux
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in the energy interval AEg is denoted by ¢y. Then from Eq. (VI.1-9), we
obtain the simultaneous equatiomn, i

NigEioYi6ss =D PisgVi (g Doty ~gbig +MSig) VI 1-11)
1 o :

where AEq and Aﬁg’ are the energy width of the group ¢ and ¢ and
Loi g {s the scattering cross section in the region 1t from the group
g’ %0 g, and is defined by

Zsig'%g = f dEf dE}:si (E‘#E“)@L (E‘ } / f " Qi (E ) (VIl*lZ)
AE,- A, ALy

As seen in the above derivation, once we obtain the collision
probabilities, the neutron flux can be easily obtained by solving the
simul taneous equation Eq. (VI.1-11) by means of a malrix inversion or an
iterative process.

Now we focus our considerations on the collision probability. The
definition of the collision probability Eq. (VI 1-10) can be expressed
equivalently by

1 _ R R
Py = oo dﬁﬁ df dRE,exp{:[ Lisids}t . (VI.1-13)
AnVidy  Jie JR,. 0
where the subscript to indicate the energy group is. hereafter, dropped
for simplicity, and Rj_ and R;. denote the distances from point r to

the inner and outer boundaries of the region j along the line through
the points r and r°.

From the form of Eq.(VI.1-10;, it can be seen easily that the
reciprocity relation holds,

Pji}:jvj = Pijiivi . (VI.1*14)

This relation is. as shown later, utilized to reduce the angular range
of numerical integration.

The integration by R between Rj_ and Rj- in Fq.(VI.1-13) can be
performed analytically in the homogencous region j,

R, . _
.[i<ﬂ§;exp(ﬁZR} =exp (—LR;_ k{1 —exp(—L; (R, - R
R,

=exp (-LR Jg-r,. — €Xp-FRIRR,,

The summation over j along the direction 0 leaves only the first term
of exp{-LRg¢ = 1 , then the conservation law is easily shown as,

] LY JY, %

Similarly. the directional probabilities Pjjj defined by Benoist'”
which is used to provide the Behrens term of the anisotropic diffusion
coefficients is expressed by
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_ R R
Pijk = ﬁfv drffdQ SQﬁL dRE,—exp{j;E(s)dS} . (VI.1-16)

where k stands for direction. for example the parallel or perpendicular
to the boundary plane in the case of plane lattice, and { denotes the
directional cosine of @ in the direction k. The folleowing relation
holds:

gﬂﬁ -1 (VI -17)

The extension to include surfaces given by Beardwood!® is as
follows: If S is any surface (not necessarily closed) such that no line
drawn outwards from a surface point S crosses S more once,

- 3 7_\1 Rs .
Py = 4’1[1‘,1[Viclrfcls L%exmfo Eisids) VI.1-18)

is the probability that a neutron emitted from the region i crosses the
outer boundary S, or an alternative expression,

_ A,
P, - _l]v[“ czrf 2 exp(-| E(s)ds) (VI.1-19)
TVidy,  Jiz

is given, where Rg is a distance from the emitting point r to the
surface point S.

The isotropic boundary condition 1s frequently used for the lattice
cell calculation not only in the collision probability method but also
in the 5n calculation. We shall describe its physical meaning and the
application in the collision probability method using the explanation
given by Bonalumi'®

We assume the system with neither source nor absorption where the
neutron flux distribution is uniform and 1sotropic everywhere, Then we
suppose a cell in the entire space surrounded by a surface S is divided
into N regions. We consider the balance of the collision rate 1n the
region 1

N

TigV, = iﬁsc.,-+ZPﬁ§:,-@vj , (VI.1-20)
i=1

where the subscript 1 denotes that the quantity is assigned to the
region 1, and

L, ; total macroscopic cross secltion,

@ 5 uniform scalar flux,
V,  volume,
S ; area of the surface,
G; ; probability that a neutron impinging on the surface has
its first ecollision in the region 1,
P;; : probability that a neutron emitted in the region i has

its first collision in the region 1.
The term on the left hand side (L.H.S.) denotes the ccllision rate in
the region i. The first term on the right hand side (R.H.S.;
denotes the contribution from the outside of the surface and the second
term the contribution of the emission in each region inside of the
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surface. Using the reciprocity theorem Fq.(Vi.1-143 and the conserva-

tion thecrem;
N ,
Z Pij—"_PiS =1 (VI.1-21)
i=1
where P is the probability that a neutron emitted 1in the region 1
escapes from the outer surface S without suffering any collision, we
have

g = ég;&pig ' (VI.1-22)

Then we define G. as the probability that a neutron impinging from the
outer surface into the inside of the surface escapes from the surface

without suffering any collision:
f\l

G = 1-2.G; . (VI.1-23)
i1

When the cells are set in an array, we get the collision probabili-
ties for the lattice cell by using the quantities for the isolated cell

as follows: N
p;;(lattice) = Pij(isolﬂt@d}+I%SGJ+[%SGng+}%SCEGj+..‘-:

which can be rewritten as
G

isTiég (Vi.1-24)

Py; (lallicey = P;j (isolated)+P

VI.1.2 Collision probabilities for slab lattice

In a one--dimensional slab gecmetry shown in Fig . VI.1-1, we have

o I'*I‘
cosl)
dr=dx,
K-Prsinhdo.
i L
: 1
=
dz’ ds
x x
X1 X Ij 1 Ij

Fig.V1.1-1 Coordinates in slab geometry
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We assume that the system is divided into an array of slabs. The slab 1
has its left edge at xj_y and its total cross seclion denoted by L.
Then we have

------- f dlj d.tf £ )Sind
{x;- 111 Wey Ve, co S0

HeXp 1| - jm L{tydt /cosh i jdd VI.1-25)

Pij =

for the case v; < v;_y, and the optical distance which appears in the
exponential term in Eq. {VI.1-25) is reduced to

f SOt :Eﬂryx%EﬂwafQ+§:&k,
x k=1+1

where A = L {ae-Xne .

Then we can carry out the integration over x and 1, and we get

)
T/,

1 f‘”-’-" . ) . i X
P = — sinfcosedi{1-exp (- i
T OsBEE P Cos0
A S
#{1-expl{— "2 lxexp| -
(] —exp i cosl) i P e cosh

Now we intreduce the exponential integral function, E;, defined by
Schloemich'®

1
Em(\’g-\) :fdfilf exp(——)

We have the final form of P;; for the case x; < xj as follows:

Piy = E‘J" iy (Rip -Eis Rk ) - Eig (Rgy+hg B A+ k&0, (VIL1-26)
e
where
=1
;\i,' = Z .t.\;\-. for Ii<l‘j, kVIleT;
k=1+1

Equation (VI.1-26: 1is 1identical with the formulation derived by
Honeck?) started by the plane transport kernel expressed by the Fi
function.

Next we shall consider the case where RS the optical distance
is reduced to

jy vitydt = Ei(r—xr4}+zj(xj—x’)+-§: Ak

by using the same procedure as x; < x; we get the same expression as
Eq. (VI.1-28} except for the definition of Rij- In this case we have
i

Rip o= 2. Ak, for x> . (VI.1-28}
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In the last case where xi = xj. the optical distance in Fq. (V1.1-25) 1s
reduced to
T ety e
|f E\/t )di_ 1 :{ El \.I 1/‘ fOI" X >.l,
x L

clx-x ) for x <X,

Integrating over x and x’ gives the final form of P;; by

1

P = I_Ri

B30k (A0 . (VI.1-29;

If the &;’s are so small that the differences in Eq. {(VI.1-26} and
in Eq. (VI.1-29) can not be obtained accurately in the numerical calcu-
latjon, we should use the following differential forms instead of
Egs. (V1.1-26) and (VI.1-29), respectively,

P{j = 'I‘J\Z—J Ei] (F\”+f\i/2-‘.~-ﬁj/2‘) , <V1—1_SO>
P = LEG G2 (VI.1-31)

We, however, should take care of the property of the F;; function which
has the logarithmic singularity.

We consider now the lattice cell system where a unit cell is
divided into N regions and the collision region j lies periodically. A
sum of such terms as Fgq. V1.1-26) gives

_ 1 E:; il ratl sl Sl ] )
Pij = 5 i (A4 0Bz AU+ )-Eus (Rij+a, s (A +&+45 )
M0
Eis (W25 Fi3 (35342, 0-Eis (A3 B (WS+a+ 25y VI.1-32
3 ALY S AT e R 1y T I+ 13\\:J+1\e+f‘q/‘}: S - )
where
il N
FEI D S PR S Y T
k=1+1 k=1
i1 N i-1 N
R R P S B S R E S (VI.1-33)
k=l k=il k=l k=1

The summation over I is achieved separately by Rﬁ} or Rﬁ? series until
R%} or RE? exceeds the fixed optical length, say, 8, respectively. For

the case where j<i, i and j in Egq.(VI.1-33) must be replaced by j and
i, respeclively.

For the case i=j we have

Pio = 1= E ©-Es(A)
1
—% IZO (Eia (AL - (A4 +2 -Eas (b2, +E 3 (A 1444, ), (VI.1-34)
N
where &%j 1[l+1}*§j&k—rﬁi . (VI.1-3b)
ko=

When the lattice cell is arranged symmetrically, we may reduce the
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computing time into half using the reciprocity relation, while it is
not utilized in the SRAC code.

Now we consider the explicit form of the directional probabilitles.
For the perpendicular direction to the boundary plane, we have 3cos20
as SQE . ¢.f. Fig.VI.1-1. by which the integrand in Eq.tVI.1-25) has
to be multiplied. The similar procedure gives us the expression of Py
corresponding to Egq. (VI.1-26) as follows:

Pijl = o 5 (Asy -Fus (Riyrdi y—Eas itk 3o (Rijrdi+dyr, (VIL1-36)

and corresponding to Eq. (VI.1-29;

Pist = 1-52 (Eis 0 Eis Qi) - VI 1-37)

For the parallel direction we can easily obtain the explicit form, but
it is not necessary because the following relation holds:

: E P (VI.1-38)

The relation is deriﬁed from

Pij = 5 Pijr

1 =) OF = + 20
k

So we can obtain P;;; by subtractiomn.

At the end of this section we show the expression for the escape
probability ;¢!

1 - ; . 2 e s N
Pis = —?“{Eda(ik}“5ﬁ30u5+ﬁf)”ﬂs(l%sfiiS(&R*ﬂi)i7 (VI.1-39)
\
where
=
i
s =2 A
k=1
N
b
?s = Z l]\k
k=i+1

VI.1.3 Collision probabilities for one-dimensional cylindrical
lattice

We consider the infinitely long cylinder which is divided into
several annular shells. The outer radius of the shell 1 1is 71j. Ye
suppose that a neutron emitted at the point P in the shell 1 has it
first collision at the point Q in the shell j. The position of P 1is
defined by only the distance from the cylindrical axis; r. The line PQ
makes an angle { with the vertical line. We define the point Q" as the
projection of the point Q on the horizontal cross section so that the
line PQ' makes an angle § with the line PO. The distance between P and
Q" is R. In the cylindrical coordinale system as shown in Fig.V1.1-2a,
we have the collision probability Pj; as,
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P, ~ vf m';f urf smadof sexp (- E@\"ds} . (VI.1-40}
[
where
Viem (r5—1%.0 ). © (VI.1-41)
Then we transform the ?ariables r,  and R into new ones p, ¥ and x° as

illustrated in Fig.VI.1-2b. We define the perpendicular distance OM
from O to the line PQ' by p, the distance between P and M by x, and the

distance between Q .and M by x'. There are three relations among
varlables -
2= p® + 2l
r sinf = p, (Vi.1-42)
R =1x -x.

Using these relations we have the Jaccbian

OwB.R; 1 i
adp.x.x’y r’ (VI.1-43)

a b

Fig.VI.1-2 Cylindrical coordinates

Then we can rewrite Eq.(VI.1-40; using new variables by

r, /2 T x, T
P = Vﬁf dpf def de| dvr;iexp (- |f S0t dt | /sind)
1 J) ] Ty Tyl X

.
+exp J—-\jﬁ ritydt ! /sinf} |, (VI 1-44)
-z
where
xXr; = 'rl—p‘ for T‘i>p ¥

x; =0 for ri<p ,



TAERI 1302 V1. Mathematical Formulations 173

and I; denotes the total macroscopic cross section of the shell 1.

For the case r;>r;, the optical distances vhich appear in the
exponential terms 1n Eq. (VI.1-44) are reduced to

i-1

-
f T (Edt=T; (o - )L, (x' -1, >+kZ O
T :j+]

i-1 i1

f Litxlt = L (x-ai- 4Ly (-7 HZF\L’*ZM-
e k=1 k=1

where A, = L. {x-Tuq ).

Then we can carry out the integration over x and 1", and we get

2 T wie .R. .

o= = - inddnil— (AT N

Pi; V. Js dqﬁ sinddoil—exp( sinQ’}
=1 -]

-1
i - b - 3 kS T
* {exp{— 2; Ak/sin0 )+ exp{—Z}j&k+Ai+ 51;%/81n0};}.

k=il k=1 k=i+]

Now we introduce the Bickley-Naylor function”™

Py
R

Kin(x) = dosin™'g exp(—
0

x ; \
sin6>' (VI.1-45)

We have the final'form of Pij for the case ri<rj, as follows:

¥

2 {0 ) , e
Pij = ')i"“v U d[) {It\/iS (f\}j >—Kv13 ([(]”'H?\; }*KVL:S ("?\EL'[JF(?\.)' .}4-K13 <-'(~]Lj_:"?\i"'";‘~j>
1 i
- 12 ’,..2 n - - ~2 n i o~y I3 ~
R (AT K (A4 0K (F\%jﬁ‘\j G AT A0 VI.1-46
where
8
f
/{;j = L "7\1:.
Pl
1-1 i1
CIDI éjiak For  r<ry. (VI 1-47)

Next we consider Pjj for the case ri>r; where the optical distances
differ from the case rj<r; because Q 1s located inside of P so that
x’< 1. In this sense the symbol of the absolute value is required. We
revrite locally the optical distance as follows:

i1

T’ X
|[ Litwft' = f}:@(tk“' = L1 )+ (x-xp ) Z Ak
T X k=j+1

Integration over v and x° gives the final form of P;; for the case
ri<ri, which 1s exactly same expression as in Eq. (VI.1-486) but R{j in
Eq. (Vi.1--47) must be replaced by

i-1
A, = Y a0 for rivry. (VI.1-48)
fe= -1

We have not yet considered the case where the shell 1 coincides
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vwith the shell j. In this case the optical distances are reduced to

AR (0 M E S o for x>,
|j; Litdti= Cilxx ) for x <,

" i—1
f YOtdt =E, (-2 )+ (D (i )4 2 Ak
-z k=1

In the integration over x° for the first term on R.H.S. of
Fg. (VI.1-44}, we must d1v1dc the range into (x; ¢.x; and {(x.,xj) and
then we have

/O [.{1‘
p. - z:%ﬁ dp a0 2sin0-2sin'e (1-exp( L))
A ‘lh»
_ [t - ZEy
+ (1—exp(— =501 " Zsin”Oexp 2}(7181“(3? :

a

S} dp ; d®i2i;5inf-—-sin"0 {1 -—-exp{ ESino);;

Using the K., function we get the final form of P;; as follows:

P = Z“V‘ f dﬁ [28;—2Ki3 (0)+2K3 (R )

K (R 3=2Kig (Rt Ay K (Rii+245 )]

+E~%—f dp {24 K3 (0)+Kis (@)} ‘ (VI.1-49)
[ IR g |
wvhere
i}
Rii = 2Y Ak (VI.1-50)
Py

If the &;'s are so small that the differences in the brackets of
Eq. (VI.1-46) and {VI.1-49} can not be obtained accurately in numerical
calculation. we should use instead of Eqs.VI.1-46 and VI.1-49 the
following differential forms:

Ti
P = if dpiid; {Kip Ri;)+Ka (01 (VI.1-51)
LV Jo
1 Tl SR SRR g
P = 5 [ (@K G 8K @)

2
Z V1 ) Idp:\J\Ll (i), (VI.1-52)

If we assume the cylindricalized cell with the perfect reflective
outer boundary. more terms like those in Eq. (VI .1-46; are required as
follows,

3 .
[\LB\" “ij ) 1\13 /\13” S I\!S(RIJ+AJ S Ki?)(&ijir'?\i*;{j.\f
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Kop W4 Kas v -Kig (425 )0+ Ks (R e i iy )

+Rk3(&?j)”K}3(R?j+ﬁi)kag(ﬂ?j+ﬂj}+K}3(&?j+ii+ﬁj>

...-...............-...-.........,...y

N
RO Ly P DI
k=i+1

N .
R =23 a2 ) A
k=1+]

N
R =E A2 Y, Ak
k=1+1
These terms to be used in the integrand of Eq.(VI.1-4G) are the genera-
lized form of those appearing 1in the expression of Pj.2 given by
Takahashi® . while the integratron variable has not vet been trans-
formed to p.

As regards the directional probabilities in the cylindrical coordi-
nates, we know for the axial direction 3P-3cos’@ and for the radial
direction EKE:(S/Z}Sinze. For the latter. Pij; is obtained by mul-
tiplying the integrand in Eq. (VI.1-40) by (3/2)sin°f. It is not worth
while to repeat here the whole expressions for each condition. It is
enough for us to know only the fact that all the terms expressed by
K., (x) must be replaced by (3/2)K;m2) X}, Similarly to the slab
system, the following relation holds:

Pij = % Pij + % Pijr . ' (VI.1-53)

We know that the isotropic boundary condition brings more accurate
result and is less time-consuming than the perfect reflective boundary
condition to evaluate the flux distribution in the real cell by the
cylindricalized model. In this case the probability. Pig that a neutron
emitted in the shell 1 escapes from the outer boundary without suffer-
ing any collision is required. It is easily obtained as

Pic = £5- L dp (K Rls =Kis (Rler Ao 1#Kes (G )-Kig R+t (VL1584

where
N
;{-Eg - Z f.{ka
k=1i+1
i-l N
FCA S VRN O (VI.1-55)
k=1- k=1

VI.1.4 Collision probabilities for spherical system

A spherical system 1s divided into N spherical shells. We define
the shell i that is bounded by two spherical surfaces of radii r;-; and
r;. The shells are numbered by increasing order of ry. In general, a
probability Pii that a neutron emitted in the region i has 1its first
collision in the region j is defined as

175
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_ R
Py = —— [ av| d@f dRijexpi-| Lisids} . (VI.1-56)
/ 3
47V, V. i Rcy, 0

The integrand on R.H.S. of BEq.{VI.1-56) is interpreted as follows by
referring Fig VI .1-3a. A neutron emitted at a point P in the region 1
moves toward a point Q which is in distance f& from the point P, has the
exponential decay by the optical length igﬂ(s}ds and suffers 1ts
collision at the layer of thickness dR i1n réfion j of the cross section
L;. In the spherically symmetric system the position of the point P 1is
defined only by the distance r from the center of the system, C. The
position of the point Q is defined by the distance R from the point P,
and the angle 0 made by the lines PQ and PC (see Fi1g.¥I.1-3a). In this
coordinate system,

dV=47 rdr O<r<Ry,
dQ=2rsinfdd  0=8=x ,
and Eq.{VI.1-56) 1s rewritten by a triple integral form:

Ary (f o 7 R ‘
Pi; = Jjn rﬂjn[ 51n8dQJ‘ dRexp{—:[‘Z(s)ds; . (VI 1-57)
Vi Jq 9 ROV, 0

T Q ".\

ph!

R

! 5

Fig ¥I.1-3 Spherical coordinates

To perform analytically the integration as far as possible, the
coordinates shown 1in Fig.VI.1-3a are transformed into the new coordi-
nates shown in Fig.V1.1-3b where the perpendicular length CM is p. The

~positions of points P and Q are defined by the distances t and t'.
respectively, from the point M. The following relations among varilables
are found:

IS RN
r sinf = p, (2-58)
R=1 —t.

The Jacobian is then cbtained as follows:
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VI.1-58)

The probability is rewritten using the new variables by
2 [ i ‘
= ’jﬂ pdg]1 d{[ dt’exp{—lf Lisydst . (¥I.1-60;
Vi Jo oy, Jeey, 0

As the nuclear cross section in each shell is uniform, we can
integrate Eq. (VI.1-607; over t and t°. Finally the shell-to-shell
collision probabilities are given in the form of single integral (see
Fig VI.1-4);

P{_j

r [T . \
Pu = gy pdp [l-exp(io)} (1-expl-,)]

1
*lexp |- E ALl +exp { 222\;\" S Z Al

k=i=1 k=i+1

25 [ pdo{ {1+ exp(-2ii)) [1-exp(4;)] exp | S
A k=i+1]

for 1143, (vi.1-861)

Ti-t T: 7'_,‘-1 T

Fig.VI.1-4 HNeutron lines in case i<j

i-1

P, - 2“ oo [Ri—1rexp(a)) {1-exp{A;) 2lexp (—2) &) )
k=1
er [ ‘ , e . .
*7E-V- pddp [P —1+exp(-24; )} for i=j, (VI .1-62)
tVadr
where

t; = 4 -p? for ri=p,
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t; =0 for ri<p, (VI.1-63)
Ai = Ei(ti—tig. (VI.1-64)

For i»j, the similar expression to Eq.(VI.1-61) can easily be
obtained, but the reciprocity theorem gives Pji directly from Pij-

Now we have the escape probabiliiy P;g as

273 f"i*l : I3 A
Pis = 5 Ip 1-exp (~2; )]
s L Vids pap Pl )
N . i1
slexp [~ . Al [1+exp(—2). 24 —Ai)) !
k=i+l k=i
2z [T pap 1t -y ( iﬂ ) VI.1-65)
AT pdp {1— exp(-24; )} exp.\—k 'l\k/' (VI.1 65)
L | oL

In the SRAC code, the integrands in Egs. (VI.1-61) and (VI.1-62) to
possible pairs of (i.j) are, firsl calculated for a fixed p. Then, the
integration over p is accomplished by changing the value of p .

VI.1.5 Collision probabilities for two-dimensional cylindrical
lattice

In the cylindrical system with general shape of its cross section
and of infinite height. the collision probability from a region 1 to
another region J, Pijv is expressed by the following Eq. (VI.1-66) in
the coordinate system of Fig.VI.1-b, assuming flat flux in each region
and isotropic emission in the laboratory system;

re

Fig.VI.1-5 Cylindrical coordinate system
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D [ H AF
EV:AC~i| j' L;
L r 1 Sl l ] * - 7
j% quf .[ 51ﬂ8d0 dtexp <inh ! ﬂ’di 100

1t -AD| AD
*exp{—~——i§ﬁﬁy——— b exp [ M;Efs,d5|/31n0;;
4f‘ pdﬂ]' dﬁj‘ SlanQ di ] (VI.1-65)

In Fig.¥I1.1-b, the line PQ’ deflned by p and ¢ is the projection of
the neutron line PQ on the horizontal plane. The points P and Q are,
respectively, the source and collision positions. The point A is the
origin of measures of i, 1" and s. The points B, C, D and E are the
points of intersection of the line PQ" with the region boundaries. A
restriction on the moving direction of a neutron is imposed so that a
neutron moves only to the positive direction of t along the line PQ™.
If the line PQ' enters the region j more than once, a sum of Eq.(VI.l—

b is required.

The self collision probability., Py 1is expressed by the following
Eq. (VI.1-67}, where the point Q is in the region 1.

e 2z /2 AL AC .
_ I A IV RS
Py jm;pdgj; dﬁ£ 31n8dQLB<j{£ sin@eXp{ RS T
2 z/2 AC
/ jkopdqﬁ ciﬁﬂ sin@dﬁ]; dt . (VI . 1-67)
—c 1 A

If the line PQ reenters the region i, a sum of such a term as
Fg. (VI.1-66) is also required for obtaining Pj.

[

The six fold integrals of Eags.(VI.1-66) and (VI.1-687) are reduced
to the double integrals as follows:

Py = oL ‘,f d,D - 0 Kig (Ro 2 4Gs (Ap+d )
—Kgg (Rp+d; K (Rorditd; 00, (VI.1-68)
Pi = | o[l K 00K (o)) (VI.1-69)

where A; and Aj denote the optical path lengths (the physical path
multiplied by the macroscopic total ecross section}, A;=BC+L;, and
RJ =DExL; and iy stands for the sum of optical path lengths between C
and D. and K;x is the third order Bickley-Naylor function.

The escape probability P;. defined as a neutron emitted in the
region i escapes from the surface without suffering collision, 1s
expressed as

27
P - f dpf dip Keg (Ree —Kia Rt i)} » (VI 1-70)

2::.2 V

where A;¢ 1is the optical path length along the line from the edge of
the region i to the surface of the system.
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As for the directional probabilities, similarly to the case of the
one—dimensional cylinder, it is not necessary to write the whole
components and hence a few samples are shown here’

o 2
3 = cyr en
Pijr = mfg dp 5 dpiKis (Ao )-Kis (Aotdi)
-Ki5 (Aot & )+Kis (Ro+Ai+& )}, (VI.1-71)
1 2?{
Pir = gy dof. dp(2Ai-8Ki3 0013 (1)) VT .1-72)
4.':.):-["i oo ]

Thus we have the double integration of the linear combination of
K,, function as a final form of the collision probabilities for the

two—dimensional cylindrical system.
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VI.1.6 Ray-Trace method for integration of collision probabilities

The integrations by p and ¢ in Egs.{V1.1-68) and (VI.1-67) are
carried out by the trapezoidal integration formula with egual width and
welght 1in a general two-dimensional geometry. As seen, a pailr of p and
¢ determines a neutron line across the cell. '

In one-dimensional geometries such as c¢ylinder and sphere, no
integration over the azimuthal angle ¢ is needed as the geometry is
invariant about the azimuthal angle ¢. In this case, the range of the
integration over p; {(0,ry) 1is sub-divided into N regions by r; where ry
1s the outer boundary of the i1-th annular region., in order to perform
an efficient Gaussian quadrature in each sub-division, so that we can
avold the singularity in the integrand. That 1s, the argunent 4;
vanishes as p approaches r; and this causes the integrand to have an
undefined derivative at this point. The efficiency of the Gaussian
quadrature 1s shown by an example that the 10-point Gaussian integra-

tion for {r‘?"-pz}‘l"f2 gives the area of a circle by an accuracy of 0.1%.

For the two dimensional cell of complex geometry which includes a
number of pin rods where the same situation occurs as in a one-
dimensional cell, we, however, have no means than to apply the trape-
zoidal rule. We know that the finer interval of Ap and Ay gives the
more accurate results.

Implementation of this integration scheme requires the development
of a tracing routine to calculate the intersections traversed by the
line of integration. To maximize the computing efficiency, specialized
routines are prepared for a variety of geometries which has been shown
in IT.3.

The calculation of collision probabilities is performed in two
steps. First, the tracing routine 1is used to get the geomatrical
information called "trace table” by each line and accumulate on a large
scale storage, say. disc. In the second step. these data, together with
the cross sections, are used to perform the integration of collision
probabilities. The second step is repeated for every energy group.,

V1.1.6.1 How to compose trace table

We shall describe how to compose the "trace table” using a sample
geometry which is a hexagonal cell including six fuel rods equally
spaced on a circular ring, as shown in Fig.Vl.1-6a in which the purely
geometrical region {S-region) mumbers are indicated and the correspond-
ing physical region {T-region} numbers in Fig.VI.1.6b. The latters are
treated as the spatial wvariables after considering any symmetric
condition. The rods consist of two concentric layers and they. together
with the coolant, are divided further by the circle through the centers
of the rods into inner and outer regions. Hence a pin rod are divided
into four regions. Since each rod 1s discriminated in the primary
stage, the number of regions for rods amounts to 24.

The inner and outer coolant regions are assignhed by the succeeding
numbers; 2o and 26.

A neutron line defined by a pair of (p.¢} is drawn across the cell
where p 1s the signed distance OM from the center of the cell. O to the
line, and ¢ is the angle made by this line and the horizontal line. The
line intersects with the region boundaries at A,B,C,...... L. The point
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M (OM | AL} is the origin of the measure on the line AL.

The preliminary trace table consists of an array T of which element
is the signed distance from the point M to each intersecting point, an
integer array IR for the region number of the right hand side of the
point, and another array IL for the region number of the‘left hand side
of the point.

43 4
3
@K' 6
43 5
2 | 2

) Bm'; 0 4 ! | 34
=Y )

a. S-regilon map. b. T-region map

Fig.VI.1-6 A hexagonal cell with six pin rods on
a circle crossed by a line defined by
a pair of parameters (p. ¢)

The computing process 1S organized to find, first, the intersections
A and L on the hexagonal boundary. then D and I on the circle through
the rods centers. At this step, the preliminary trace table is made up
as shown in Table VI 1-1.

Table VI.1-1 Preliminary trace table after
scanning annular regions

Position 1 2 3 4
T oy s o Iw
IR 6 5 P 's] -
L - »

The next step 1is to scan whether the line intersects or not with
any rod. This scanning is done, first, on the outermost radius of a
rod. If judged to intersect, the information for the two crossing
points with the circle is inserted into the table by a routine " INSERT”
vhich finds the positions in the table for the new two points and
rearranges the arrays T, IR and IL so that the elements may be 1in the
geometrical order.
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After the insertion, then, the scanning on the inner radius of the
same pin rod is continued until the innermost radius if judged to
intersect, otherwise the scanning is transferred Lo the next pin rod.
After scanning all pin rods. the preliminary trace table 1is organized
for the neutron line illustrated in Fig.V1.1.6a as follows:

Table VI.1-2 Preliminary trace table after scanning all pin rods

1 2 3 4 5 6 7 8 g 10 11 12

T L dpv lew I Iew Iew e b b by e Iw
IR 26 16 15 14 13 25 5 6 7 8 26 -

1L - 26 16 1b. 14 13 25 5 6 7 8 256

The final table is further rearranged as.

1) Compose a nev array 11 which keeps the T-region numbers reduced from
the array IR which keeps S-region numbers using the correspondence
specified 1in the input. Because of the 80° rotational symmetry, the
common T-region numbers are assigned to each pin rod region.

23 Replace the element of T for the distance between the intersecting
point and the point M by the distance between the two adjacent
intersecting points.

Table VI.1-3 Final trace table at return step of geometry routine

1 2 3 4 5 6 ! 8 9 10 11

T L tge o oo Ipe ler e lew Iw Ly L g
II 67 4 3 pad 1 5 1 P 3 4 G

The information obtained by the geometry routine 1is the common
length of arrays, LO, the arrays T and II and the modified p value: p’
measured from the center of the adjacent cell which will be traced next
if the perfect reflective boundary {mirror) condition is selected.

For the case of the mirror conditicn, the root routine calls
repeatedly the same geometry routine with the arguments (p' and o)
until the fixed number of cells are traced, and concatenates the arrays
T and I1, respectively.

Finally, a record per line keeps the following information:

W, LO, LIL, (Tk).k=1.2,,....lLL), {(II¢k;.k=1.2,...,l1L)

where W is the weight of a line given by
V=1 ¢ slab, (Vi.1-73a)
W e wlri—ri-1) for ri | <p<r ! cylindrier, (VI.1-73b)
W = prag (ri—ri- ) for ri-t < p<r; . sphere, (VI 1-73c)
W = ép+dr = constant : two-dimensional cell, (VI 1-T3d

wy 1s the weight for the Gaussian quadrature at the point r; in the

range between r;_; and r;, and

1O * number of 1intersects of the source cell,

LII. : total number of intersects on a line {Unless the mirror or
periodic boundary condition is taken, LLL = LO},

Tk : distance between intersects which produces the optical thickness
i by multiplying the macroscopic cross section of the region
IT¢ks,
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11k} region numbers of k-th intersect.

The total number of lines LCOUNT (records) required to achieve the
integration varies widely depending on the complexity of the geomeiry,
for example, LCOUNT = 2 for slab, = several tens for one-dimensional
cylinder and sphere, and = a few thousands for the most‘ complicated
two-dimensional case.

After storing the trace tables for all lines. a numerical integra-
tion of region volumes and an array of integrated to exact volume
ratios 1is printed as an indicator of the adequacy of the integration
mesh. The numerical integration is performed by

VI = VAT k) + W Ty for k=1,2,...,L0
and accumulated by line. { VI.1-74)
The resultant array V gives the numerically integrated region volumes.

VI.1.6.2 Process for numerical integration

Being given the cross sections of an energy group, the integration
of collision probabilities 1is performed line by line. Actually, the
symmetric element A;; (ZViPy;/L; ) and A,,=V;P;s are integrated instead
of Pi; and Py , respectively.

We shall show the computer process repeated by each line in the
computational flow diagram shown in Fig.VI.1-7. The function {1}
appearing in the integrands in Fig.VI.1.7 is given by

F{i) = E;3{(k)y for slab, (VI.1-Toa)
FAY = exp{-A) for sphere, ‘ (VI 1-T9h;
F(i) = Kiz{&) for one- and two-dimensional cylinder. (VI.1-Toc)

Note that among four terms appearing in the expression of A;;{p.¢), the
first two terms have been calculated as the last two terms of the
previous k'. The calculation of Ai;{p,¢> 1in the geometrical order
reduces the number of transcendental functions to be evaluated into
half.

Care 1is taken when &; 1s 8o small compared with unity so that
differential approximations are used, for example,

Kiz(Rij)yKiz i) = AorKa (i) (VI.1-76)

On integrating A;; , the symmetric relation, A;;=h;, validates to
eliminate the loop of the source region in the reverse direction or to
reduce the range of angular integration into half. The simple process
to replace the off-diagonal element A;j by {(A;;+A;i)/2 covers the above
saving.
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Information contained in a record:
W, LO, LI, (T¢ky,k=1,2,...,LLLy, (11 . k=1.2...., 3

The optical length i is calculated by,
Ay = Ty * Cross section of I1I{k)
for k=1.,2,..,LLL

~——--- Loop of source region repeated for k=1.2,...,L0

: 1= 1k ; source region number
A o= AL ; optical thickness of source region
Set &;; =0 ; optical distance belween source

- region and collision region
Contribution to the diagonal element
Ay (pypi= {FQO»T~-FOF (T )} /AL,

M = [Wib o dods

--—— Loop of cecllision region repeated for k'=k+1....,LLL

: 3 = I1I¢k™> ; collision region number
R = A : optical thickness of collision region
Contributicn to the off-diagonal element
Aijlp,p)= (F (T —Flrgrr ) —F 1 )+ F{r+tiet) ) /4L

Aij = fW*Au(p,@o}dDd-p

Prepare optical distance for the next k’
. &{jﬂLF\j — Ri-j
~-——-  End loop for collision region k'
unless the mirror condition {LLL > 10O}, then
Contribution to the escape element
Aisip,pi= (Flzy)-Flry+t) /A

Ais = fh»’f‘-Ais(D,@}dpd@
P End lcop for source region k

Fig.VI.1.7 Computational flow-diagram
for numerical integration
by "Ray-Trace” method

A normalization so that the sum of P;; over j be unity is effective
to reduce the error caused by coarse integration mesh, and also by
truncated optical distance which is terminated by the fixed number of
cells to be traced by neutron line for the perfect reflective boundary
condition.

The numerical calculation of K;, functions has yet to be explained.
Although some rational approximations are developed for the Bickley-
Naylor functions™, they would be very time consuming because they
have to be used so frequently as 10°+107 times. In the SRAC, a quadra-
tic interpolation is performed numerically by using tables of a, b, ¢ ;
the coefficients of three terms for the quadratic expression of the
Bickley Naylor function. These tables list a, b and ¢ as a function of
% and n, where

Yot = PUp-1/2 + Yn (VI A-TTa>

= 5
2h”
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- Un — ym-_l _ o + v N |
bm AT Chy | X ) 5 (VI . 1 WD J
Cp= Unt — DpXyt — {1,,,.1"%. I ’ (VI.1-7ic)
Un = }{in (I;'u } » * (VI A —78:\
Ar = (Im - Xu-l :’ . {VI . ]“79)

The pitch and range of the tabulation of a, b and ¢ is as follows:

Ax/x ¢ 0.01/7(0.0,-0.48%, 48 points,
0.04/(0.48, 2.4, 48 points,
0.1/7(2.4, 9.6, (2 points,
o /{9.6, == ), 1 poinis,

in the range x>9.8, K,, (x} is set to be zero, while the practical usage
assumes K;, (x) vanishes if x6.0.

Thus the Bickley Naylor function is computed by performing twice
the multiplication and twice the summation after table-look-up :

Kin<x> = (T + Dpy )X 4 Con s (v1.1-80;

where Tp-| = X = Ty
The table-look-up ‘and the interpolation is performed in the routine

itself to avoid the additional process of calling any external subrou-
tine,
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VI.2 Optional Processes for Microscopic Total and Macroscopic
Transport Cross Sections

This section is concerned with the options for the specification
of the input data IC15 and ICIG in Sect I1.1. As these are related with
transport property., care should be taken in processing moderating
material. Discussions will be made on the optional treatment for
microscopic total cross section and for macroscopic transport cross
sections used in isotropic transport calculation and in evaluating
diffusion coefficient,

Microscopic total cross section

There are two ways to define the effective microscopic total cross
section in the SRAC system. In either way, the total cross sections
depend on all the compositions concerned.

sk ICID = 1 st

1)

One way is based on the concept of the Bondarenko® type cross

section set, 1.e.,
Ot g = Oz g ff.g (OD ) (VIZ_I }

where the subscript g stands for the group number, and fy(og) 1s the
self -shielding factor for the total cross section. The total cross

section thus defined is efficient to maintain the diffusion coefficient
evaluated in ultra-fine group structure in the multi-group constants.

bk ICIH = 2 sk

On another way. the total cross ccction is defined as the
summation of all partial reaction cross sections, 1.e.,

Otg = Z Ozea g~ fz,g<0¢)>v (VI.2-2)
z
where f- ,{(0p) 1s the gelf-shielding factor for reaction lype z.

Macroscopic transport cross section

We start with the P, equations 1n multigroup representatioﬁﬂj.
The P, multigroup equations can be written as

Vodo(r) & Tighy (1) = 2, Laggog @ (X3t Qyir) (VI.2-3)
2

Vo, (ri= 3% ody(r) = 30, Lal g gdy (1) VI.2-4)
=

If a group dependent form of Fick's law is postulated, 1.e.,

Jg(r) = =Dy (r)Va,(r), (VI .2-5)
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then from FKq. (VI.2-4) the diffusion coefficient can be formally
expressed by

P __1 4 —|
Dy(ry = Eﬁiﬁg(r) (Vvl.2-6)
with

Lirglr) = Leg — 2, Loligogly (F)/dg(r), (VI.2-7)
g
If the group width is wider compared with the maximum energy

degradation of neutron by elastic collision and the quantity FJ{(r, E)
can be assumed to be energy-independent in the width, we can show™?

Y. Fatig gl (PG ~ Y Lo gy = i)y Ty (VI.2-8)

e g
in this case, we have

Lirg(r) = Leg = ), Dotgeg: (VI.2-9)

aq

Four methods are prepared to define the transport cross section to
be used as total cross sections in the isotropic transport calculation
or diffusicn calculation.

ok IC16 = O

The first one treats simply the anisotropic scattering effect in
the isotropic transport calculation by the extended transport

approximation.? Here, the macroscopic transport cross section is
defined by
Ttrg = Ltg — 2 Ll gimg: V1.2-10)

g

It should be noted that the total cross section, instead of the
transport cross section, is used to calculate the collision probability
in the second resonance range, where the ultra fine spectrum is
calculated by assuming isotropic neutron scattering.

sk IC1I6 = 1 or 2 sk«

The second and third method is based on the P and By
approximation, respectively, for fast neutron spectrum calculation in
homogenecus media® By choice of the option IC16 = 1 or 2, the system
under study is, first, homogenized by simple smearing of the atomic
number densities in the cell, if 1C2>0 is specified, and the Py or B
equations are solved by assuming an appropriate buckling. Then, using
the homogeneous spectrum obtained and assuming the flat flux, the
effective cross section of each material is calculated by

Dirgd = Yol gt =2 Tt g'ugt O1.g A1 (VI.2-11)
g

where
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vg = 1 ¢ for P, approximation (VI .2-12a)
Yg =aﬁaﬁ%@/[3{l—ﬁwfhiv%}]:

for B, approx. with 2=BEAR g, if BP0 (Vl.2-12b)
Yg dgtunhflag/'[ 3 {{tanhflag}/ug - 177

for B approx. with 2=-B2/1} 4. if B<O. (VI.2-12¢)

Here, ®&;, and g is. respectively. the Py and Py component. of the
angular flux, and B- is the geometrical buckling entered 1in BLOCK 4 of
11.1. This approach is recommended for the calculation of the lattice
cell or homogeneous medium including hydrogeneous materials.

For an isolated material not used in the cell calculation or & nev
material used with an "old’ material which has already transport Cross
sections, the above equation 1is solved in a system composed purely by
the material.

¥k ICIB = 3 *k
The last method 1is based on the Sy transport caleulation used for

cell or core calculation. Here, the transport cross section is defined,
following to Eq. (VI.2-7), by

Etf.g{r} - Et.g'f Z Eskg'ﬂg (I)l g’ (r)/@l‘g(r} (‘/12*13)
g

This quantity 1is averaged over each volume or region in the system
under consideration to give the representative value

189
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VI.3 Optional Processes for Resonance Absorption

Concerning thermal and intermediate reactor analysis, a more
accurate treatment., compared with fast reactor, is needed for the
calculations of the effective resonance cross seclions in the lower
energy regions. The upper energy boundary of the energy range requiring
the special attention is fixed to 130.07 eV in the SRAC system, as
previcusly mentioned. In this resonance encrgy range {(called the second
resonance range), three optional methods are available; the first one
is based on a table look-up method of resonance shielding factors,
assuming the NRA (narrow resonance approximation} to the slowing down
due to moderators, while the IRA (intermediate resonance approximation)
is assumed for the slowing down in the second one. Tn the third method,
the effective cross sections are exactly calculated by solving neutron
slowving-down equation in heterogeneous system. The choice of the
methods depends on the input data specification of the user.

On the first step of these calculations. the whole energy range 1s
dealt with the table-lock-up method assuming the NRA for moderator
slowing-down. On the next step, the effective cross gsections 1in the
second resonance energy range are replaced by the more accurate cnes
based on the IRA or direct numerical method. Hence, in the higher
energy range above 130.07eV, available is only the first method.

In the followings. descriptions will be given to the methods which
are incorporated in the SRAC system for calculating the effective
resonance cross sections.

VI.3.1 Table-look-up method of f-tables based on NR approximation
in homogeneocus systems

At first, consider an infinite homogeneous mixture consisting of
one kind of resonance nuclide and of nonabsorbing moderator. When the
NRA 1z applied for the slowing down due to the moderator nuclide. the
slowing down equation can be written as

(or{uy) + opdelu) = Kloge) + op (VI.3.1-1
with o) = 0g(u) + os{u) = a,u) + o V1.3.1-2)

where ¢(u) is flux per unit lethargy, K. the slowing down operator.
Og{(u},0,(u). microscopic absorption and scattering cross sections of
the resonance absorber, respectively. o, (u) and ¢,, the resonance
part of +total cross section o¢{u) and the potential scattering cross
section, respectively, and ¢, is the scaltering cross section of the
moderator .

Equation (VI.3.1-1) is just the basic one that is used in the
construction of the SRAC library for heavy resonance nuclides That is,
Fq.{V1.3.1-1) with the Doppler broadened cross secticns by temperature
T is rigorously solved with ultra-fine meshes for a given O, by a
revised version of the TIMS-1 code®™ . The caleulated effective cross
sections are arranged by the infinite dilute cross sections and the
self-shielding factors fi{g,.T} tabulated by two parameters o, and T.
Let us describe the way to use the shielding factors 1in practical
situations.

For a special case where the NRA is applicable to the slowing down
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of absorber, the first-order solution caen be written in the counven-
tional form

v O 7 O v _an
plu)y ~ o (S T ou (V1.3.1-3)

This first-order solution is usually adopted to construct a Cross
section set of the Bondarenko typeﬂ) wvith the resonance shielding
factors for use in fast reactor analysis. For the higher energy region,
say E > 130 eV, the NRA is considered to be a reasonable approximation
for heavy nuclides. That 1is, the flux of Eq.(VI.3.1-3) does not so much
deviate from the exact one of Eg.(I.3.1-1) 1n the meaning of the
wveighting function for cross section averaging. On the other hand, for
the light and intermediate mass nuclides with resonance structure, the
SRAC library has heen generated assuming the spectrum of Faq. (V1.3.1-3).
In fact, no simple and convenient spectrum has been proposed to treat
these nuclides. Since the resonance structure of light and intermediate
mass nuclide is of minor importance 1in thermal and intermediate reac-
tors, the present treatment will in practice be aufficient. Hence. we
can think of Eq.(¥I.3.1-3) as representing a standard form of weighting
spectrum for the higher energy reglons.

For a homogeneous system including many moderator nuclides. the
slowing down equation can be writlen as

{mw>woﬁﬂm74G@@+-%Znﬂﬁﬂ@ VI.3.1-4)

3

vhere g, = ;%—E: n,o; (¥1.3.1-5)
Fog

and K, is the slowing down kernel for moderator j: ny and n; are the
atomic number density of absorber and moderator puclides, respeclively.

When the NRA is applicable to the slowing down of moderators
(referred to as NRA moderator ), we have

(0, () + appu) = Kosp) + Ou (V1.3.1-6)

Consequenlly. & homogeneous system with the NRA moderators has the
same effective cross section as the homogeneous system described by
Fq. (VI.3.1-1). That ig, the effective cross sections can be calculated
by calculating ¢, as to he used for the table-look-up of the resonance
shielding tables. Here, it should be noted that the slowing down of
absorber is still accurately estimated in the present treatment.

V1.3.2 Table-look-up method of f tables based on IR approximation

We start with the IRA of resonance absorption in homogencous
systems, to give an ingight into the relationship with the table—look-
up method.

From the two extreme cases representing the limits of NR and wide
resonance (WR) for the slowing down kernel, \tb@ first-order solution
for p(u) of Eq. (VI.3.1-1) can be written as™ 27

A + Ob
0, +AO; + 0y

plu) ~ (Vr.3.2-1;

where . is the IRA parameter for the ahsorber. Thervalue of A can be
528 o

determined by solving a transcendental equation for .
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For a homogeneous system including many moderator nuclides des-
cribed by (VI.3.1-4), the corresponding first-order solution can be
given by

Lo, + O
e e -2
e {u) P P (VI .3.2-2)
with 0, = 711? S'a o), (VI.3.2-3)
j

where &; is the IR parameter for moderator j and can be again deter-
mined by solving a coupled set of transcendental equationsz”.

Here, it should be noted that both the fluxes obtained from a
numerical integration of Eq.(VI.3.1-1) and given by Eq.{(¥1.3.2-1}) or
(VI.3.2-2 are the weighting functions for cross section averaging.
Hence, they can be assumed to give the same value for the effective
cross section in the extent of the accuracy of the IRA. Consequently, a
homogeneous system with g’ has the same effeclive cross section as the
homogeneous system with the same o, of Eq. (V1.3.1-1), That is, the
effective cross sections can be calculated by determining the IR
parameters and o," as Lo be used for the table-look up of the resonance
shielding tables. The case of letting all the &;s equal to unity
corresponds  just to the NRA applied to the slowing down of moderators
(op =0, ), as discussed in the previous subsection.

The TRA method described above can be applied only to a zero tempe-
rature system. For nonzero temperature, the IR parameter A& for absorber
depends on temperature when the interference between potential and
resonance scattering 1is taken into consideration®™ | A simple way to
take accounit of this dependence is to multiply the interference scat-
tering term by a factor with temperature dependencezﬁ.

Next consider the IR treatment of resonance absorption in hetero-
geneous systems. Assuming a flat flux 1n each spatial region, the

slowing down equation 1in the two-region system. consisting of an
absorbing lump () and a nonabsorbing moderator {(m;, can be written as

O5¢; = Pt i0alan (97 ) + Kplosppi) + (1-pyy :’OfZ‘{RkKA o)t (VI.3.2-4)
k

g + On®n = OaKam (@7 )+ Kp{Osps i+ omz Rk (g 0} (V1.3.2-5
k
where

pf.¢e = [lux per unit lethargy in the lump and moderator region,
respectively

05 (u)=0, (W)= 0s(U)+0m, = microscopic total cross section of the
Jump

Oan=Len /Ny = SCattering cross section of admixed moderator per
absorber atom

Ot/ (Nyp ) Re = Ti/Ts Ta=p g Tk

v .U, = volumes of the lump and the moderator regions, respec-
tively
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n; = number density of the resonance absorber in the lump
K = slowing down operator
pps = collision probability in the fuel lump.

The other notation is conventional.

We make use of the simple interpolation formuila for the collision
probability as proposed by Wigner:

- X _ _ 9 ; P

Pif = N T gyl -~ € op + s (VI .3.2-6
with X = Injop = Ll (V1.3.2-T)
s =g — Cy/{lmy) and g{C) = T_?TA%E?TTE (VI.3.2-8)

where 1; the lump mean chord length, C, the Dancoff factor and a 18 a
purely geometrical quantity.
Generalized collision probability theory shows

py ~ 1 - 155 for X —oo, (VI.3.2-9)

where the Dancoff factor, C, is zero for igolated lumps. Being based on
Eq. (VI.3.2-9), the Dancoff factor C is calculated by using the value of
ps; for a sufficiently large value of Ly, as Ly = 300cm’!

1= C= {1 — ppp@Xig e (VI.3.2-10)

A rational interpolation of py; leads to gi(C) =1 in Eq. (VI.3.2-6)
when use is made only of the behavior of pjy at Iy = e given by
Eq. (V1.3.2-9). Since the bulk of resonance absorption occurs at finite
values of L;, we need some corrections for the rational approximation.
It is this quantity a that has been introduced for  the
correctionsﬂD'E”-M). Since the quantity. a, usually referred to as the
Bell or Levine factor ., somewhat fluctuates among rescnances, there
might be some minor problems with the choice. The exact choice of this
quantity is not thought to be important, considering from the results
of many studies done in this field’? . The values adopted in the SRAC
system for the geometric quantities are shown in the folloving table:

Table VI.3.2-1 Levine or Bell Factors

Geometry : ly © a - Remarks
Sphere of Radius r D 4r/3 1.4 Ref. (5.32)
Slab of  Thickness r T2r : 1.2 1 Ref. (.33}
Infinite Cylinder of Radius r: 2r 1 1.2 0 Ref. (29,30}
1.2 . Ref. (32,34

Infinite Hollow Cylinder 1 2rcost0
of Inner Radius a and Outer :
Radius b, sinfl=a/b
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The Dancoff factor and associated quantities will be in more
general form discussed for multiregion problems in the next subsection.

Substituting Eq. (VI.3.2-6) into Eq.(VI.3.2-4) and subtracting Eq.
(VI.3.2-5) from the resulting equation, we obtain the following set of
equations for neulron balance:

O + S)¢5 = Oaakn (070 + Kp(0eps) + 9 [ReKk () (VI.3.2-11)
k

S@p = Oyt + (S -0, )Z 1Rk (g 0} (Vi. 3.2-12)
k

Then, from the two extreme cases representing the limits of NR and
WR, respectively, for the slowing down kernels, the first-order solu-
tion for g; and ¢, can be written as™

b Ed
@f“} <u> _ ADp +ROqy -+ 'S — {VI.S.Z--13)
Oy + A0; + KOy + M's
e uy = 1 s g )i/ ipoy (s (VI .3.2-14)
with
ptspou/fpo, (0 = st and po- Y Ry (VI.3.2-15)

k

where . is the IR parameter for the outside moderator k. Here, a set
of the IR parameters caq“be determined by the same procedure as those
in a homogeneous system™

Fquation{Vl.3.2-13} can be written 1in the standard form of
Eq. (VI.3.2-1):

]
e 1)y Vo AJp Y Vl.3.2- )
vf ) Oz + AOs+ Gy W3, 1)
where
Op = KOgy -+ H*S
o Khaw | pglCH(1-C) (VI.3.2-17)
ny gly) R

Particularly for the NRA (k=1.x"=1), the above equation can gen-
erally be written as

1 E g(C,1-C) .
Op = Uup - S = (nyo; ) + il (VI.3.2-18
b nyg (nply) !

The simple result of Eas. (VI.3.2-17} and (VI.3.2-18) again reveals
the following equivalence relation with practical usefulness : A
heterogencous system with 0p has the same effective resonance cross
section as a homogeneous system of Eq. (VI.3.1-1) with the same o¢,. In
other words, the effective cross sections in a heterogeneous system can
be estimated by using a cross section set of the Bondarenko typezU
which is calculated based on Eq. (VI.3.1-1),
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Several groups of the SRAC multigroup structure around 100 eV
include more than one rescnance levels of 2383, Since the background
cross section o, scmevhat fluctuates among the resonance levels, the
arithmetic average value of oy's in each group is in practice taken as
the background cross section for the table-look—up. In the SRAC system,
the IR method is applied only to 23873, 22T, and®™Pu .

V1.3.3 Generalized Dancoff factor

The effective resonance cross sections 1in hetercgeneous systens
have been calculated by combined use of an equivalence theorem™® and a
cross section set of the Bondarenko typem). The equivalence theorem
between homogeneous and hetercgeneous systems is usually established
through a Dancoff factor. This factor has been derived under the
assumption that the system under study consists of an infinite array of
two-reglon cells. MeneghettiS” derived a generalized Dancoff factor
for a more general situation of infinite array of multi-region plate
cell. In a complex situation as encountered in the latitice of the
PROTEUS-LWHCR (Lighl Water High Converter Reactor) cores’™®  where MOX
pin and depleted U pin are alternatively placed in a hexagonal array.
hovever, it is generally difficult to see how one can construct a unit
cell for which the Dancoff factor can be calculated. A generalized
Dancoff factor was derived for infinite array of multi-regicn cells
including  several  absorber  lumps with different absorber
concentration™ . The equivalernce theorem based on this Dancoff factor
is incorporated in the SRAC system.

The neutron slowing-down equation in a cell may be written by using
the collision probabilities

o) = Z Py ol (oXe; /X (u) (VI.3.3-1)
J

Wituy = S;(uk/by;. ‘VI.3.3-2)

X (u) = L Xy X; = LE; ). (VI.3.3-3)

where the subscript j denotes a spatial region j.
S, (u) the slowing-down source, [;, the mean chord length, 1I,; . the
non-resonance part of IL;{u) and the other notation is conventional.

Now, let us consider the limit at which the resonance cross seclion
of one resonant isotope, say ;. tends to be infinite. This black limit
corresponds Lo a physical situation encountered near a resonance
energy. Then. all the macroscopic cross sections of the region with the
resonance isotope under consideration will also tend to be infinite. We
denote these regions by the symbol K.

General arguments on asymptgﬁiq\behaviors of the collision probabi-
lity, P;; . at the black limit? 3940 ghow

Pijlo:) = Pojuy => by — yi/Xo (LeR) for No = e (V1.3.3-4)
with vy = 1im ;- Py log 2iXo . (V7.3.3-b)
==

From the conservation law
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D Py =1, (VI.3.3-6)
i

we have
ZhjE()OF hiZ—Zhu. (VI.3.3-7)
i ixi

Therefore, we have for the flux e (u)y{iel)
i) = U Noe - LW Xojvis/X /X + 00G2) for X; =>ee  (VI.3.3-8)
jsR

W, = 1lim W; . (VI.3.3-9)
O;—oo
Here, since we try to treat the higher energy region, say E =
several hundred eV, the NRA is a reasonable approximation, 1i.e.,

W, (u)= const. = 1, (V1.3.3-10)

Moreover, we assume that accidental overlapping between different
resonance sequences 1s negligible, 1i.e.,

Xoi/X; =1 (jeR). (VI.3.3-11)
Under these assumptions, Eq. (VI.3.3-8) can be rewritten as

Bl N N
Pi) =>Xor ~ 2y /X for X, = oo (VI.3.3-12)
JER
On the other hand, an equivalent theorem between homogeneous and
heterogeneous systems means that the flux in the absorber lump should
be expressed by the spectrum in homogeneous medium
\ Xoi + b, o~ . . .
[N {U;‘ = -:\P:—JFT i>(XOi +b1’ }/X{ fOT" \.t =2 oo, (VISB*LB)

where the flux is normalized to be unity at off-resonance energy.

For Egs. (VI.3.3-12) and (VI.3.3-13) to be held, the following
identity must be satisfied:

b; - "EIVGj ] (VI.3.3-14>
jER
For a special case where the unit cell under study consists of fuel
region ({j and moderator region (m), we can prove the conventional
relation®

bi = wyfm = 1~—C, (VI.3.3_15>

where C is the Dancoff factor and “Yn corresponds to the first-flight
blackness for neutrons leaving the fuel region’® Figure VI.3.3-1
shows the expression of h; for other simple geomelries.

Consequently, from the above examples, Fq.(V].3.3-14) is considered
to be a generalization of the previous works introduced in the previous
section. Equation (VI.3.3-14) shows that the Dancoff factor for complex
geometry can be obtained by calculating the generalized blackness Yij -
Here, the blackness ¥i; 18 calculated by using the collision probhabi-
lity package in the SRAC system, that 1s, by using the value of P;; for
a sufficiently large value of E;(j<R), as L;=300 cwm', based on
Eg. (VI.3.3-5).
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Geometry b;

d—————— -

| m '

Ili by =~ {Tge + % 1) 0
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I
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i | i=2
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1

E 1| X =%dn Zn
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[ i

Meneghetti’s two - sided
formula

Fig.VI.3.3-1 Dancoff factors for simple geometries

The symbol (m) means moderator region and the shaded portions show
the R-region: The quantites d, stands for the width of moderator
plate m.
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The equation (VI.3.3-13) can be rewritten in a standard form of
weighting spectrum

- - Op = Gp VI 3 3- 5
@i u) ar{u) + On; (V1.3.5-16)
o - L Ylinayy 1 2 (VI.3.3-17)

' iy ]] (Tlili) '

where n; and n; are the atomic number densities of the absorber under
consideration and of admixed moderators, respectively,

The standard spectrum of Eq.(VI.3.3-16) was obtained again from
the behavior of the collision probability at g,=»<= . So we need some
corrections for the present approach, as done in the previous section.
For this purpose we at first define the generalized Dancoff factor of
an absorber in the region 1 by

. -1-b, (V1.3.318)

Then the two-region problem in the previous subsection suggests the
replacement of (1 - C;) by (1-C;)g(C;) with

(T I S vV -1
9= T T VI.3.53-19)
Accordingly we can generally define the background cross section,

on; » including the heterogeneity by

RS I N M DI S D) / _on)

Obi = gg'dgoj} ; oy (VI.3.3-20;

Here, the value of the Bell factor, a, of Fq.{VI.3.3-19) is assumed to

take the respective value of Table VI.3.2-1 corresponding to the
geometry under consideration.

We again obhtain the equivalence relation: The effective cross
sections of absorber nuclides in each region can be calculated by using
a cross section set of the Bondarenko type.

In the first resonance energy range of the SRAC system (£ >= 130.07
eV), the effective cross sections are obtained by the table-look-up
method of a Bondarenko type cross section set. where the heterogenelty
is treated by the established equivalence relation of Eq.(VI.3.3-20;
between heterogeneous and homogeneous mixtures. The cross sections in
the second region {130.07 eV E = 0.414 eV} are generally calculated
by the IRA or a direct numerical method using collisiecn probability and
ultra-fine groups{Au- 0.00125). as described in the next subsection.
Hence, the energy range concerning the present improvement is mainly
the first resconance region.

As known through the present derivation, each resonant nuclide 1in
one absorber lump may take a different value for the generalized
Dancoff factor. One example of this type of problems will be seen 1in
the reference™  Moreover., there might be a problem whether or not we
should treat a region with small amount of resonance absorbers as the
R-region; this problem would not be essential, since the effective
cross sections in such a region should be nearly 1infinite dilution
cross sections. Anyway, a complex heterogeneity can be treated con-
sistently without introducing any simplification of geometry.
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¥1.3.4 Direct method for calculating neutron flux distribution
(the method adopted in routine "PEACO")

We assume that heterogeneous systems are built up of an infinite
number of “unit cells’ and the neutron balance in a heterogeneous
system can be described by using the first-flight collision probabil-
ities. To reduce the numerical errors caused by the flat-flux assump-
tion. each region of the system may be divided into subregions as many
as necessary or possible. Then, assuming the isotropic elastic scatter-
ing, the neutron balance in a cell may be written by the neutron
slowing down equation

V.E, (un, (uy = 52 P uiv; §: S (u} (VI.3.4-1
. z
Sy - 171_(“ fuikexp{(ult.')}zsj;; (a0 (u e’ (VI 8.4.-2)
with
a=Ci 1P and e =Ina (VI.3.4-3)
Here,the subscript 4 or j stands for the subregion number and the &
corresponds to nuclear species. The quantity P;; 1s the effective

probability in a unit cell that a neutron scattered isotropically in
region j, into lethargy u, will have its first collision in region t,
and other notation has the customary meanings.

By letting V,¥; (ujexp{u) = ¥; {u}y , we have

i (o () s Zk Py (uy 85 (u) (V].3.4-4)
with }

S uy = 1—1;\: fuuF‘Fﬂ; (u” Hcu’ (¥I.3.4-5H}

Filu)= Z%;k(”)ﬁjfgl. (VI.3.4-6)

Here, note that the equations (VI.3.4-4) and (VI.3.4-b; for ; (u) 1s
more simple than Egs. (VI.3.4-1) and (V1.3.4-2).

For the computation of the neutron spectrum +; (u) on discrete
lethargy meshes, we use the RABBLE Methcd developed by Kier® 43
Hence. the lethargy meshes used are assumed to be extremely narrow
compared to the maximum lethargy gain per collision with the heaviest
miclides in the system under consideration. Furthermore, we assume that
the rescnance cross sections are given at the mid-point of this fine
group and the collision probabilities P;;{(u} is constant over a fine
group. Now define

V= f v (uodu (VI.3.4-7
Uy
U+
i :f Fi fudche = Dol (VI.3.4-8)
Uy

wvhere w  and wu; are upper and lower lethargy bounds, respectively.
corresponding to the fine group m. Then, the integration of Eq. (VI.3.4-
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4} over the lethargy range from uy to u, gives

Dl = D (VI.3.4-9)
where .
@ = 1} ,KL?du u;F;k (u’ Jdu’ (VI.3.4-10)
~ Aum f1 Fi (u)du
—
=@l o+ ;K}b F e (F o W) (VI.3.4-11)
with
Fpm = f P e, (VI.3.4-12)
——

Here, u 1s the Jlower bound of the (m-1)th fine group and L™ 1is an
integral number of groups which corresponds of the maximum lethargy
gain by elastic collision. Note that the self-scatter was neglected in
deriving the above equations because the effect of the self-scatter was
shown to be quite insignificant*

It 1s moreover assumed that the scattering rate given by Eq. (VI.3,
4-12) can be approximated by using the intermediate group scattering
rate*? The accuracy of this approximation was also investigated and
shown to be quite satisfactory when an adequate group structure 1is
adopted for representing the fine and intermediate groups* . Assuming
the asymptotic flux distribution below the lethargy range under consid-
eration, the neutron flux distribution can be recurrsively calculated,
until the entire energy range of interest is covered.

The lattice cell under study may consist of several materials and
each may be subdivided into several spatial regions. The rescnance-
absorbing isotopes are contained in scme materials (fuel -materials ) and
other materials are assumed to have constant cross sections. Now, for
such a system we select a resonance absorber, say U, and define the
microgcopic resonance cross section per the absorber under considera-—
tion in the fuel materials by

o E) = ZNW,\\ (N; =0) (VI.3.4-13)

where ] corresponds to the fuel material, the summation on k is
extended over all the resonance absorbers Ox (EY 18 the microscopic
total cross section of the kth absorber, and V and Ny are the atomic
number densities of the absorber under consideration and of the k
resonance absorber in the I-th material, respectively.

Some fuel materials may have the same relative densities N /Ny,
hence the same value for o7 (E). In such materials, the value of o7 (E}
can be considered as a common variable to express the macroscopic total
cross seclions. There may be another possibility to find such an
independent. variable in other fuel materials. In the present treatment,
it is assumed that the macroscopic total cross sections can be
expressed or be approximated by using at most two such independent,
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variables.

Now, let us denote by Iy the smallest macroscopic total cross
section made by the nonresonance isotopes in the fuel material J
belonging to the independent variable o;(E). Let us introduce nev
variables defined by

X; = Njoy + Yol (J=1,JMAX, > (¥1.3.4-14)

wvhere JMAX is the number of the independent variables (JMAX =2 ) and
{; is a parameter with dimension of length introduced to define the
nondimensional variable X; and assumes the averaged value of double
widths of the regions which belong to the variable oy {£). Then, the
collision probability, Pj; (u), in Egs.(VI.3.4-1) or (VI.3.4-5) can

be considered to be a function of X; (J=1, JMAX).

In the routine ‘PEACO’, two kinds of computational methods are
adopted for the calculation of the X;(J=1,IMAX} © In the first method
which is used for the values of X;.Xo £ 9. P;;(X;,X2) needed for the
interpolation are calculated by calling the routine 'PIJ2". The second
one uges  the asymptotic expansion of P (X1,X2) when
eitherof X, or Xs = 9.

(D) One resonance-absorbing composition problem (JMAX=1)

It is easy to show 0.4
P X) — i + viz/X for X — e (VI.3.4-15)
with
ni; = P (X = ee) (VI .3.4-16)
and
DYy Xy o
j={ Pu®mmule . F1 S (VI.8.4-17)

wvhere R stands for the resonance-absorbing material.

The above equation (VI.3.4-15) is used for X > 9 and the genera-
lized Dancoff factor v;;» given by Eq.(VI.3.4-17) is calculated at X =
9, vhile u;; is obtained as the value of P;; (X} at X = 10t

On the other hand, for the range of X < 9 , we introduce a new
variable

— 1‘( - Z _

Z = Y or X = 1-7 - (VI.3.4-18)
The interpolation of the collision probability is made by using the
values of P;;(X) calculated on ten points of the variable Z with the
1ncrement &7=0.1 and the Lagrangian three poilnts interpolation
formula*®

fZy + 04) = %u(u~1)f_|-+(1ﬂu2)ﬁ3—k%u{u+—1}f1 (V1.3.4-19)

with
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A

vhere the quantity AZ is the mesh width of the variable Z at Z = Zp
corresponding to the direction of the increment &7 .

u and lul=1, (VI.3.4-20)

The values of Z and X used for the interpolation are shown in the
following table:

Table VI.3.4-1

0
0.111111
0.25
0.423351
0.666667
1
1
2
4
9

(II Two resonance absorbing composition problem (JMAX=2)
We can prove also for the two resonance-absorbing mixtures, R;.R»
Pijleo X)o7l o)X X8 X2 59
(¥ (Xe) = 0 if it Ry)
Py (X1, X2) ~ ' (VI.3.4-21)

Py, (X1 o) 75 00 )/Xz X< 9, X2 >9

(V% X1y = 0 if i€ Ro)

Pi;( oo, ==)—75/X1 (Af 1€ Ry X1, Xo>9)
P Xi.X2) ~ (VI.3.4-22)

Pij(oo,00)—7 =j/Xe (Af 1Rz X1, X2> 9)

P;j( oo, == ) (otherwise).

Here, P;; and y;; 1in Eq. (VI.3.4-21) is calculated by the exactly same
way as the case of the interpolation of P;;(X) for X < 9 1in the one
resonance-absorbing composition problem.

For the range of Xy, Xo = 9 , we again introduce two variables
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X1
1+X]

Zy = or X; = 5 o (I=1.2) (VI.3.4-23)

and P;;(X,\>)) 1is interpolated on the these variables by using one of
the following formulae'® _

P+ 8, To b 8720 (1- S @-uv) W)l fio

+ (2-u—u) (ufiotufor )t uvf

R T B N BT o (V] .3.4-24)

> >
. o7 7 - a4 o
vith w= 94 - 22wl s1iulEL (VT.3.4-25)

@it 70 2o 72 )= Sulu-Dfero + Suu-1foey

2 .
A+ (1—uv—u v ) foo- %u (u—2v-1 3 w0

+ %1K1F2u+l}foy+uvf11, (Vi.3.4-268)

FZwot 821, Z20+06L2)

=(1-u(l-vifotul-vifigtvd-uxfor-uufn . (V1.3.4-27;

The choice of Egs.(VI.3.4-24), (VI.3.4-26; or (VI.3.4-27; depends on
the values of 7, 7> on which the P;; (X, X2} 1is to be interpolated.

(I1T) Conservation and reciprocity of collision probabilities

The first-flight collision probability must satisfy the two impor-
tant relations, that is, the conservaticn lav

Yop; =1 for all i (V].3.4-28)
J

and the reciprocity relation®®

VI-EZ-PU = VJ;ZJ‘PN for all i,j. (V134*29)

In the routine 'PEACO’, at first, the values of P,; are calculated
only for i = j by Egs.(VI.3.4-15) and (VI.3.4-27). Then, the collision
probabilities satisfying [Egs.(V1.3.4-28) and (V1.3.4-29; are
successively obtained by the following equations starting from i=1:

P,;j* = ‘}-Ei% P”' s P}'i* = %B—L P” {(g=1. 4 (VI.3.4-30}

where



204 Revised SRAC Code System JAERI 1302

J i~ 1
By =2, P and B = E Pij* (V1.3.4-31)
i=i i=1

with
Pi; = ViEP, /(i for j > 1. (VI.3.4-32)

The collision probabilities P;;* given by Eq.(VI.3.4-30) will be
readily known to satisfy Egs. (V1.3.4-28) and (VI.3.4-29).

Using the interpolation and the asymptotic expansion. combined with
the methods mentioned above, we can guarantee the accuracy of 0.1% for
the calculation of the collision probability. including the one
resonance- absorbing mixture problem. Furthermore it should be empha-
sized that most of practical problems can be executed in a computing
time of the same order as the convenient method based on the IRA.

VI.3.5 Resonance absorption in doubly heterogeneous system

An HTGR, currently under development at the JAERI, uses fuel in the
form of small spherical coated particles. A coated particle consists of
a fuel kernel of U0> with an ~ 600 pm diameter and several layers of
pyrolytic carbon and SiC of ~ 8300 pm thickness. Such coated particles,
together with graphite diluent, are formed into hollow annular fuel
pellets that are packed in a graphite sleeve, and then inserted into a
graphite block (see Fig.VI.3.5-1).

One of the physical problems associated with this type of fuel 1s a
double heterogeneity through the self-shielding of the grain and also
of the lattice configuration of fue! rods on the resonance absorption.

Here, the T“Accretion” method by Leslie & Jonsson'” to calculate
collision probabilities in a cluster—type fuel element is applied to
evaluate the resonance absorption in the doubly heterogeneous system in
the fuel block of the VHTR. The details will be found in the
referencet™ together with some typical numerical examples.

We assume that the fuel grains in a fuel pellet are uniformly
distributed so that each coated particle, together with graphite
diluent, forms a two-region spherical cell {microscopic cell) contain-
ing only a fuel grair {region f) and the associated amount of graphite
diluent (region m},

The neutron sloving down equations can be written by using the
collision probabilities under the assumption that the neutron flux is
flat in each spatial region and the neutron scattering is isotropic and
elastic:

Vi Ly g (us = 20 P (u) Vo S (u) (VI.3.5-1)
1

(5]
&Qﬂ'ﬁ&hﬂm)%mﬂdw s (V1.3.5-2)

wvhere V; , L, , ¢ . L {u ~u), and S; are the volume, the total Cross
section. the neutron flux, the differential scalttering cross section,
and the slowing down source of the ith region, respectively, The
quantity P;; 1is the collision probability that a neutron emitted in the
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region i has the next collision in the region j. evaluated by assuming
the flat flux in each region.

BURNABLE
POISON ROD
{BPR)

FUEL PELLET
COATED
PARTICLE

GRAPHITE
BINDER

DETAILED
FUEL PELLET

GRAPHITE
SLEEVE

GRAPHITE
BLOCK

SPARE HOLE FOR BPR

Fig.¥1.3.5-1 Horizontal! cross section of the
slandard fuel block of the VHTRC

When we consider the doubly heterogeneous case as seen in a VHIR
block, each region must be specified as (I in I[) to denote the
microscopic region | (= f or m} in the macroscopic region I. Hence, the
collision probability P;; above defined takes the form. Py (1,kY, where
the index 1| indicates fuel grain f or diluent m in the macroscopic
region T and the index k does fuel grain [ or diluent m 1in the
macroscopic region J. According to the derivation by Leslie &

Jonsson’™ . the off-diagonal element of the collision probability is
given by
Py Lk = app ol %%% Py (VI.3.5-3}

and the diagonal element by
Wi

Pilky =@ itk —
I‘r'[[

= P ooy owgs (VI.3.5-4)

where
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Wip =X Vo, W =LV, and Ejdzz =1,
I

o Y. and Vy;,  are the fraction of collision, the total cross
section and the volume of the region (I in I3, respectively, L, and V;
are the corresponding quantities for the macroscopic region I. The
quantity @ (I.k) is the probability defined to an imaginary infinite
lattice consisting of the microscopic cell of the region I, which can
be evaluated numerically by the formalism presented in Appendix B of
the reference® assuming a spherical cell with the vhite boundary
conditien. The quantity P;; denotes the collision probability between
macroscopic regions 7 and J., which is assumed to be obtained using a
homogenized cross section which substitutes for the heterogeneous fuel
region.

If we can determine, independently of the macroscopic configuration
of I, both of the quantity «;; and the homogeneocus-equivalent cross
section ¥; of the medium I, we can obtain Pryil,k) by the following
procedure:

Now, we define the self-shielding factor [ for the fuel grain so as
to give an equivalent collision cross section to the macroscopic fuel
region under the assumption of a uniform flux distribution through the
microscopic cell. That is to say, the fraction of collision rate o; in
the region ! is assumed to be given by the effective collision cross
section Iy and the self-shielding factor f. i.e.,

y o= Vi S Y §
ap = : (VI.3.5-5)
G - Wk (VI.3.5-6)
ur bp
a ooy =1, (VI.3.5-7)
and U = v+

where L,, 1s the macroscopic cross section of the graphite diluent, and
Yy and v, are the volumes of the grain and the assoclated diluent,
respectively. Since we treat only one kind of medium with grain struc-
ture, we drop the subscript I for simplicity.

Insertion of Eqs.(VI.3.55) and (VI.3.5-6) into Eq.(VI.3.5-7)
gives the equivalent cross sections of the fuel pelliet, ¥ as

5 - bir Cvop £ = by ) (VI.3.5-8)

When one of four variables; f, Yy, O, or q, 1s given, then the
rest is determined by the relations expressed by Egs.(VI.3.5-5),
(VI.3.56), and (VI.3.5-7.

Using the newly defined variables, Egs. (VI.3.5-3) and (VI.3.5-4)
can be rewritten, respectively, as

Pi{tky = fir oy Pryo (VI.3.5-9)
Pplbk) =@ ilky - fiy s (1 — Py, WVI.3.5-10)

where f); = f for the grain, and fir =1 for the diluent.
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When the collision probability 1s gilven, Eqs. (VI.3.5-1) and
(V1.3.5-2) can be solved recurrently on ultra-fine groups in the
dominant resonance energy range, £ < 130 eV, as described in the last
subsection. That 1is, for computation of neutron flux on a uniform
lethargy mesh, we use the RIFF-RAFF method developed by Kiert? 43
Hence, the lethargy mesh Au used 1s sufficiently narrow, say
Au=0.00195, compared with the maximum lethargy gain per colligion with
the heaviest nucleus in the system under consideration. This mesh 1s
also narrow compared with the Doppler width at room temperature. The
resonance cross sections are prepared at the mid-point of each ultra-
fine group using a code MCROSSY | The time-consuming computation of
collision probabilities for each ultra-fine group is economized using
an interpolation scheme, where the values of P;; are interpolated from
the tabulated values on a dozen points of the absorber cross sections.

We present the following four models for the calculation of the
self-shielding factor f:

(1) Smearing method

We assume that the grain medium is made up of an infinite number of
microscopic cells and the neutron balance can be described by using the

two-region collision probability
Py = @Qift.1). (VI.3.5-11)

Equations (VI.3.5-1) and (VI.3.5-2) are solved by following the same
procedure as above described. Resonance Cross sections of each resonant
nuclide are spatially smeared without collapsing the ultra-fine groups
to give their representative values for the medium. That is, the

homogenized cross section o, 1is obtained by the flux-volume weighted
average of the resonance cross section o;, 1.€.,

oy (wivpps (U
L'f;",‘f {l[} + Up O (U)

If we define the self-shielding factor f by

Op{u) =

{up + ) @sfu) |
— WUf DI ALPE v )
! vipr ()t e (u) (V1.3.5-12)

we can obtain o, by a simple volume-weighted average of the effective
cross section, for as

opu) =

fop(u) vy
U 4 Uy

Thus, the effective microscopic cross section fo: can be treated as 1if
it is the resonance cross section of one constituent in a homogeneous
medium. The resulted variation of the cross-section with neutron energy
is much smooth., compared with the original cross section, due to the
spatial shielding. The shielded cross sections are prepared for all the
reactions of the resonant nuclides under consideration.

(2) Collision rate method

As noted before, the fraction of collision rate a; was introduced
as to be independent of the origin of neutron. We can  suppose several
origins of neutron, for example, a neutron just having escaped from the
absorber grain, a neutron emitted from the diluent. a neutron impinging
on the outer surface of the imaginary cell, or a neulron beam 1njected
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into the medium of grain structure etc.

Now we introduce a quasi-analytic expressicn of the collision
probability for the imaginary cell to give a physical explanation. The
following approximation was derived by Nordheim "/

1 — ¢
{fomy=1 . Vi 3.5-13)

Q\f nl} Pe[ -1 . ( 1 . lefPe} C:l (I /
where P, (=1 - P.) is the escape probability”’ from an individual
grain, ¢, the Dancoff correction, and ¥y is the macroscopic cross
section of the absorber grain and its mean chord length {; is given by

_ Ay

b =5 (VI.3.5-14)
where §; is the surface area of the absorber grain. The conservation
and reciprocity relations give other elements of Q{1,k).

We shall discuss the following two models of neutron origin for
calculating the collision rates.

(2.1) Neutron emitted from absorber grain

Segev’!) proposed an expression for the self-shielding factor
which was obtained by equating the term in the brackets of Fq. (VI.3.5-
13 to (1/{1+fuk; /L, 0] which is the probability that a neutron
escaping from a lump will collide in the diluent of the homogenized
medium. The resulted expression is

_ e L E.nlf _
Foge P (VI.3.5-15)

Inserting this expression into FEqs. (VI.3.55), (VI.3.586) and
(VI .3.5-8}. we obtain

Iyi: P, C

L ¢ B o v e (VI.3.5-16)

’ 3 1 - ¢

0 (f) =70 = 5Pe (VI.3.5-17)
where the index f of o (f) denotes that the origin of neutron is fuel
grain. It can be explained that the fraction of collision rate is
measured for a neutron  just having escaped from the absorber grain.
That is, the probability that the neutron has the next collision with
other grains is given from the expression of Eq. (VI.3.5-13} by

it

QUf.fi1-Pe =1 —Qifimy — (0 - Pg)

B LiLy Pez C e
ST P e (VI.3.5-18)
On the other hand., the collision with the diluent is given by
Q{f.m}, which can be calculated by the reciprocity relation. Dividing
these quantities by the escape probability P.,, we have the fractions of
collision rates; «y and «, just defined by Egqs. (VI.3.5-16) and (VI.3.5
17y, Inserting Bgs.({V1.3.5-16} and VI.3.5-17 into Eqs. (VI.3.5-5) and
(VI .3.5-6;, we obtain the same expression of f as Fgq.(VI.3.5-15).

(2.2) Neutron emitted from the diluent
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We can define the collision rate for a neutron emitted from the
diluent. It is given directly by either Q(m.f) or QGu.m). A little
algebra using the reciprocity relation gives

-~ ‘Uj‘Ef- P, (1 — ¢) ; N
wm = g (VI.