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ABSTRACT

This report documents the computer code block VENTURE desigmed to
solve mltigroup neutromics problems with applicatioe of the finite-
differrace diffusion-theo.y approximation to meutrom tramsport (or al-
ternatively simple P;) in uwp to three-dimensional geometry. It uses
and generates interface data files adopted in the cooperative effort
sponsored by the keactor Phvsics Branch of the Division of Raactor Research
and Development of the U.S. Enerzy Research and Development Administratioan.
Several different data handiing procedures have been incorporated to provide
considerable flexibility; it should be possible to solve a wide variety of
problems on a variety of computer configurations relativelv efticiently.
Also, it should be straightforwvard to improve the efficiency for a par-
ticular computer and smsall range of problex type by chamging one of the
programmed data handling procedures. The programming in Fortram {s
straightforvard, although data is tramsferred in blocks between auxiliary
storage devices and main core, and direct access schemes are used. The
size of problems which can be handled is essentiallv limited only by cost
of calculation since the arrays are variably dimensioned.

The more common orthogonal coordinate svitems arising in reactor
analysis applications have been treated in from one through three dimen-
sions. These include the slab, the cylinder, :-R, _-R-Z, and hexagonal
and triagonal coordinate systems in two and three Jimensions. Onlyv the
mesh-centered finite difference formulation has beeu programmed. There
is provision for the more common boundary conditions including the re-
peating boundary, 180° rotational symmetry, and the 90° slab and the
60° and 120° triangle rotational symmetrv conditiomns.

A variety of types of problems may be solved: the usual eigenvalue
problem, a direct criticality search on the buckling, on a reciprocal
velocity absorber (prompt mode), or on nuclide concentrations, or an in-
direct criticalitv search on nuclide concentrations, or on dimensions.
First-order perturbation analysis capability is available at the macroscopic
cross section level.
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COMPUTER CODE ABSTRACT

Program ldentification: VENIURE, A Code Block for Solvimg Maltigrowp
Sewtromics Probleas Applying the Fianite-Differeace Diffusioa or a
Simple Pl. Theory Approximation to Meutrom Tramsport.

Fumction: This code solves usual peutremics ecigenvale, adjoint, fixed
source, and criticality search (direct amd indirect) problems, treating
up to three geometric dimensions, maps power density and does first
order perturbatiion analysis at the macroscupic cross section level.

Method of Solutiom: Apr immer, outer iteratiom procedure is used with
suoveral different data handling schemes prograamad in parallel.
destyriined line overrelaxativn is used, and succeeding iterate flux
set:; may be accelerated by the Crebyshev process and asymptotic extra—
polatioa done when distinct error modes establish. Normally the
eigenvalue of a problem is estimated each outer iteration from an over-
all neutron balance; however, source ratios are used in some situaticns.
The difference equation is mesh centered point. Advanced capability

is incorporated, as to treat direction-dependent diffusion coefficients
and zone-dependent fissicn source distribution fuactions. Macroscopic
nuclear properties are calculated from microscopic cross sections and
zone and sub-zone nuclide comgentracions.

Related material: Standard interface file specifications adopted
in the ERDA Reactor Physics code coordination effort are used for
external files. Input data is supplied by a code-dependent extermal
file generated by a separate processor. Other codes meeting inter-
face specificationes will couple directly with this one.

Restrictions: This code is quite thoroughly variably dimensioned.
Generally the larger the problem, the more Input/Ou’ put required
for iteration. The 1000 spa;:e point one-dimensional problem has
been solved within 50,000 word total fast computer memory.

Coxputei: This code has been run on IBM computers including the
360/91, the 360/75, and 360/195, and on the CDC~-7600 ~omputer
after the required conversion step.


http://neutrcni.es

BLANK PAGE




0
s

10.

iii-2

Running Time: Rumning time is directly related to problem size
and inversely proportional to some measure of ceatral processor and
data trarsfer speeds. The basic rate of solutior 1 eigenvalue
problems is about 200 space energy points per second of central
processor time on an IBM 360/91: this rate falls orf approximately
as (10/%)%-7 uhere X is the average nusber of points in one dimen-
sion, less vhen the amount of data 1/0 is low, and more when it is
high, excepting one-dimensional problems. Thermal reactor latti-e
and cell problems normally require more time by perhaps a factor of
two. Problems involving significant upscatter (multi-thermal-group
treatment) require additional comrater time by a factor of two or
three.

Programming Languages: The programming is basically in the ASA 1966
FORTRAN language excepting certain extensions, especially those
required for unindexed block data transfers and direct access. Kncwn
limications of manufacturer's current compilers are not exceeded:
for example, arrays are limited to three dimensions, dummy arguments
in subroutines to sixty, and subscripted subscripts are not used.
Certain standard routines developed in the ERDA Reactor Physics code
coordination effort are used, as for input data processing and data
file managing; locally irplemented procedures are needed as to make
available elapsed computer time for executing certain user options.
Local system routines used to allocate memo.y and to set up the di-
rect access file specifications dynamically would require replace-
ment. The source deck consists of about 30,000 statements (VENTUPE

proper).

Operating System: The basic 0S-360 IBM operating system has been
used under HASP with a FORTRAN 1V, H level compiler version 20.1.
Access capability in the modular sense is essential.

Machine Requirements: A 32,000 word core is needed, and preferably
one much larger; auxiliary storage of the disc or drum type is essen-
tial, preferably several on different data channels. The programming
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is included for three-level hierarchy data storage of efficient use of an
extended slov memory for large three-dimensional problems when such a
mewmory is e..°lable. Typically the code uses 27 logical 1/C units.

11. Authors: D. R. Voady
TI. B. Fowler
<. W. Cunningham
Oak Ridge Xational Laboratory
P. U. Box X
Jak Ridge, Tennessee 37830

i2. Referemces: a. D. R. Vondy, et. al., "VENIURE: A Code Block for
5olving Multigroup XNeutronics Problems Applyirg the
Finite-Difference Diffusiva-Theory Approximation
to Neutron Iransport: ERDA Repert, Cak Ridge National
Laboratory, ORNL-5062 (1975).

b. B. M. Carmichael, "Standard Ilnterface Files and Pro-

cedures for Reactor Physics Codes, Version I111,"” AEC
Report LA-5486-MS (February 1974, revised!)

13. Material Available: The package being submitted to the Argonne Code
Center includes Fortran card images for a driver code, tiie VENTURE
neutr-nics code block, a cross section processor code block, a reaction
rate calculation code block, and four special input data processors.
Assembly language de- «8 of locally used routines are includcd and

copies of the docus n:_ng report.
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Section 001: Ceneral Discussion

The code block VENTURE is designed to solve multi-neutron-energy-
groun, multi-dimensional neutronics problems. The finite-difference
diffusion or a simple P; theory approximation to neutron transport is
applied. Usual eigenvalue problems may be solved to determine the
multiplication factor and the neutron flux distribution. The adjoint
problem may be solved. Fixed source problems are treated and a variety
of criticality search problems. Perturbation results based on macroscopic

cross sections are produced by option.

The code treats scattering from one energy group to any other, in-
cluding upscactering, internal black absorber zones, and a variety of
boundary conditions including periodic and the more important rotational
symmetry conditions.

The method of solution implemented is an iteration process.

The loose-leaf form of this report with sections in short blocks was

chosen to facilitate updating to account for revisions.

Background

The procedures implemented in the VENTURE code represent a background
of effort which can be traced back to the late 1950's, to the work of
M. L. Tobias” and others. uver this period of time a large number of
problers have been solved in routine reactor analysis effort at ORNL and
at other installations by the methods which were evolving during this
period. It seems noteworthy that although theoretical considerations
have played a role, this has been primarily an engineering development
directed at economical solution of problems encomtergd-in analysis. The

previous code programmed in this effort was CITATION.®

aSce ORNL-4078 f-or example.

b'r. B. Fowler, D. R. Vondy, and G. W. Cunningham, "Nuclear Reactor Core

Analysis Code: CITATION," ORNL-TM-2496, Revision 2, Oak Ridge National
Laboratory (July 1971).
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Many individuals have wvorked on developing and implementing proce-
dures for solving diffusion theory neutronics problems, especially at the
AEC National l.abontories,a but also in private co-paniesb and in other
countries.© e are sware of much of this work, and acknowledge that
published information and discussions with several individuals have made
direct coatributions to this effort.

The Procedure of Calculation

A flow chart for the code is presented in Fig. 001-1. This shows
the general flow through the procedures of calculation.

a2 inner, outer iteration schene is used to solve problems. New
flux values are calculated from finite-difference, neutron balance equa-
tions for a row of points simultaneously, and each new value is driven
in the direction of the change from the old value. This procedure is
continued over the space problem at one energy; it is repeated for a
number of inner iterations, and the calculation proceeds to the next
energy. At each energy the inscattering source and the fission source
are determined. After a coamplete sweep of the problem, the eigenvalue
is estimated either from an overall neutron balance, summed neutron
balance equations, or from the sourc2 ratio, and the calculation is con-
tinued to satisfy specified convergence criteria. For an indirect cri-
ticality search, an additional outer iterative loop is required to adjust
the desired parameters, nuclide concentrations or dimeunsions, to effect
a desired solution.

If there is one main feature which stands out in the VENTURE code, it
is the direct search procedure. As carried over from the CITATION code,

an iteration procedure is implemented to move the iterate flux estimate

9See WAPD-TM-678, BNWL-1264, ANL-7716, and LASL-4396.

bScc GA-6540.

“See AEEW-R682, TRG-229(R).
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.- Equation Constants Calculation

:-— Initialization Procedures

r . Required Scratch Data File Processing
: ., == Outer Iteration Loop

! -~ Fission Scurce Calculation

— Loop Uver Energy Groups
! —- lascatter Source Calculation (Po, 1’1)a
i
I
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-
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-- Inner Iteration Loop
: -- Line Overrelaxation
-- Eigenvalue Calculation

== Outer lteration Acceleration

;= Edit Iterative Results

p—r— = [Direct Search Return to Upgrade Cross Sections)
- Convergence Test on Ogter iteration

j ——— . == [Indirect Search Return]

-

-= == Return for Residues Calculation {one sweep of equations)

~— Write Interface Files (flux, power density)
== Edit Results (neutron balance, flux, power density
neutron density)

. == [Update Interface File for Direct Nuclide Concentration
Search]

y == Succeeding Adjoint Problem Return

1}

== Perturbation Integrals, I Importance Maps
IRE‘I’URNI

Fig. 001-1, User flow chart, VENTURE finite-difference diffusion
theory neutronics code block.

3The inscatter source calculation is normally done outside the inner
iteration loop, however in nne data handling mode this source is cal-
culated inside the inner iteration loop to minimize 1/0 operations.
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directly toward a solution by determining the eigenvalue of the problem
vhen certain parameters are adjusted. Perhaps only the analyst who has
experienced the frustrations of and relatively high cost of obtainirg
solutions by indirect methods can fully appreciate the utility of this
direct search capability.

For a direct criticality s=arch problem, the relative buckling,
reciprocal welocity loss term, or relative change in the search nuclide
concentrations is treated as the eigenvalue of the problem. No outer

iteration loop is required.

The calculation of macroscopic cross sections, using the nuclide
densities and microscopic cross sections and of equation constants is
done in the head end of the code. As shown in the flow chart of Fig.
001-1, retumns are wade to this part of the program for recaiculaticn of
this macroscopic data to account for the effects from adjustments to the
parameters in a criticality search problem. To initiate a succeeding
adjoint problem which involves no changes in the parameters for a regular
problem which has been solved, the data for the regular problem is simply

reprocessed, and the procedure for the regular problem is used.

Alternative Procedures and Large Problems

The code contains parallel procedures involving different ways of
handling data involving varying degrees of data transfer between memory
and auxiliary storage within a flexible, basic iterative procedure. Auto-
matic selection between these aliows effective application on different
computer hardware configurations to solve a variety of problem sizes.
Still, modifications may well be required to mvst effectively use a par-
ticular facility, especially if ‘t has a hierarchy of auxiliary storage
devices which have quite different data transfer rates. The necessary
changes should not be extremely hard to make if a preferred struc*uring
can be identified.



A 4

001-5

The VENTURE code represents a ~omriderable extension over the CITATION
codc in the size of problems which may be treated. One thousand point
ocne-dimensional problems have been solved, and the extent in the other
two dimensions is not limited. However, selection of a practical problem
requires consideration of the cost of the calculation and justification
of the expenditure in computer time. Or many computers, especially so
the IBM 360/91, che extra cost associated vith the increased amount of

dat Input/Output required to solve the larger problems is indeed sig-
nificant. Also, adequate on-line auxiliary storage is required for a
problem to be solved, which increases directly wita the nush:r of space-
energy points considered.

Standard Interfacing

This code block was programmed specifically to operate (interface)
vith other programs developed under rules established in a cooperative
effort between several installations, an effort sponsored by the Reactor
Physics Branch of the Division of Reactor Research and Development of
the U.S. Energy Research and Development Administration. For example, all
user input data is processed by a separate block of coding; this neutronics
code block only interfaces data files. It uses microscopic cross sections
supplied in a2 standard interface format from any source; other code blocks
are i’eing programmed elsewhere to generate this data, and vet others to use
the results from the neutronics calculation. This coupling between major
code blocks is effected by satisfying hard interface data file specifi-

cations.

We believe this code block satisfies the primary objective cf this
effort: development of a neutronics code vhich uses standard interface
duca files; one which can be converted from one computer to run on another
relatively easily and permit effective and efficient utilization of com-

puters having a variety of hardware configurations,.
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The programming is all done in the Fortran language. Basically, ASA
1966 standard Fortran generally implemented was used with a fev extensicns;

data are transferred ia blocks of mixed data type and direct access is used,

for example. Known limits on the major computers using current manufac-
turer’'s compilers have quite generally nct been exceeded. For example, the
maximum numbe- of dimensions of anv variable is three, the mumber of argu-
ments in subroutine statements is limited to sixty, and subscripts are not
subscripted. Both short and long word storage oi data are used for effect-
ive execution on IBM 360, 370 series computers (very low accuracy is assoc-
iated with use of short words, single precision, carrying less than the
equivalence of seven significant decimal digits), but this was done in such
a way that conversion to such a2 machine as a2 CDC-7600 should not be too
difticult if the comment instructions for this conversion included in this
program are followed. However, special local system routines have been
used to allocate memory and to set up direct access file specifications

dynamically.

Status

This documentation covers the first releasc< version of a new code.
Our experience in documenting major codes under active development,
development which must appreciably lead publication, has been that (1)
inictial documentation tends to be inaccurate, (2) the effort required to
provide some ant cipated capabilities must be deferred to satisfy other
requiresents fouxd to be more important (and projections of satisfying
programming goals tend to be over-optimistic), and (3) feed-back from
production use by other than the originators is essentiai to the process
of development of accurate documentation readily understood by the casual
user. Nevertheless, a reasonably amount of effort has been expended in
the attempt to produce good documentation. At the time of formsl release,

this code and auxiliary ones to it will represent a direct effort at ORNL
of about eight man years.
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A major code block is gemerally mot frve of bugs, especialiy when
complicated options temd to have overlapping control. Still we have used
an unusually large number of test problems for which reliable solutiocus
are available. This testing gives us confidence that most probler; will be
properly solved. Part of this confidence comes from the nature of the
effort, a straightforward extension of capability which has had wide appli-

cation on a production basis.

The VENTURE and related codes are in roucine production use locally
and via remote terminal from other installatjoms. Production use has con-
tributed directly by feedback to the developed capability and reliability.
Some of the individuals involved are E. J. Allen in the Reactor Divisiom,
S. C. Crick at General Electric (Sumnyvale}, and D. Lancaster at Westing-
hous_ (Madison). Testing of an early verszion of the code at LASL by G. E.
Bosler and R. D. Odell oa a {DC-7600 camputer also made contribution. The
code has yet to be used directly in conjunction with other code blocks
for repeated solution of problems in depletion and fuel mansgement analysis.
Therefore, the provisions for control and repeat calculations may be incom-
plete.

The operation of the interfaced code blocks in a modular system
locally is yet in a stage of development. Testing has been done with
relatively crude programming to process the required input daza instruc-
tions and to comvert available cross secticns into a standard nuclide-
ordered interface file and then into an energy-group ordered file.

END OF SECTION
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COMPUTER REQUIREMENTS

In the following discession, imformatiom is presemted vhich may be
needed by a user for effective aspplication of the code. The required
files sust be made available, sad there must be adequate space allocated
on each logical mit for the data carried om it. It is expected that
much of the wser burdea regarding allocatiom of space cam be relieved
by use of a referemce job comtrol procedure available to the operating
system; hovever, sspecially for solviug large probless, it will be
necessary to chamge the allocatioms by owerriding those provided in
the job comtrol procedure. This procedure will also gemerally relieve
the user of supplying a subroutine overlay structure; sa overlay
structure is not needed vhen the code is used as a losd module.

VENTURE as a Moduie

The VENTURE code ! lock is a module for solving meutrom transport
problems by application of diffusion theory. It is structured for use
in a modular code system; other modules whic', serve the same role may
parallel it in a system. The code does not read user input cards. Data
supplied to it must he in well-defined interface data files. Results
from the code are placed on other interface data files on demsnd for
subsequent use. The code contains routines to produce elaborate edits
of results on demand and alvays edits Ley results.

Locally the ccfe is used under a resideat driver as discussed in
detail in Appendix C. The code is placed in executsble load module form
with an incorporated overlay structure, sssembled. It is available on
disc vhich msy or may not be on-line. A catalogued procedure stored om
disc contains basic j.b comtrol imstructioms wvith provisiom for chamging
the space allocations and dsta blockiag factors. Changes to the program,

to the Fortran languags compiler imstructions, ces mot be dowe simply be-
cause reloading is necessary; such changss are therefore mot alloved gemer-
ally by the local user commmity. The cods is used on a production basis
locally sand remotely from other imstallastions vis remote termimal. There-
fore, modifications mumt be carefully assessed and proofed prior to
ganeral use.

o Mo
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Other modules are in use in this system. These include a standard
inpct data processor to generate interface data files, a cross section
data file processor, and a code to produce reaction rates and related
results. Special input data processors are also in use which generate
data files. New modules will be phased into the system as they become
available and are made compatible; for example, depletion capability
should soocn be available.

Machine Time Requirements and Chargiag

Of primary concern here are central processor (cp) time, clock time,
and costing. Clock time is quite dependent on what tasks are being per-
formd; it increases vith the number of Input/OCutput operations performed
during any task, execution of a job, or computation. If a large fraction
of the memory available for computation is used by a job, then the multi-
tasking systeam cannot achieve overlap of calculation and data transfer.

A reference rate of fast reactor problem solution is 200 space-energy
poiuts per second IBM-360/91 cp time. This rate falls off approximately
as (10/N)%-7 where N is the average number of points in one dimension,
less when the amount of data transfer is low and more wvhen it is high,
excepting one-dimensional problems. Certain types of problems require
more time, especially when upscattering is treated or the problem is for
a2 large thermal reactor or & ~ell with reflecting boundaries. Relative
cp time for the IBM-360/195 is about half that for the /91, and il
IBM-360/75 cp time is about four times that of the /91. Curreat local
charge rates are given in Appendix D.

Mewory Requirements

Memory requirements for the code block are discussed here. Separate
storage is required to satisfy four requirements:

1. Program (mschine imstructions and varisbles not variably dimen-
sioned) — The storage is minimized by an effective overlay scheme.

2. Library Routines — These are provided by the system and range
from arithmetic functions to the data Input/Output package.
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3. Buffer Ar.a — This storage is required to allow dsta to be trans-
ferred in blocks, and is wost important vheres large amounts of data are
accessed repeatedly, as at the heart of an it2rative procedure. Careful
allocation of the buffer storage is important for effective machine
utilization. The vest allocation depends on the probiem and the available
facility, so user experience must be a guide to reasonable allocation.
Generally, the larger the problem, the more data which sust be transmitted
and the larger the buffers required. However, if a large allocation of
buffers causes degrading of the mode of data handling during iteratiom,
the performance can be expected to be degraded. A special situation
exists when extended slowv memory is used for buffer storage of data being
transferred.

4. Variably Dimensioned Data — Most data arrays in the code are

variably dimensioned. The amount of storage required depends on an
involved combination of the primary variables of a problem, the options
exercised, and the mode of data handling selected.

There are six data handling modes progr-eda and the one selected
by the code depends w:on the available core storage. A user-supplied input

number is the dimension of the container array in which all problems depen-
dent variables are stored. The modes of data handling are:

1. Data stored for all groups, all planes ("all-stored” mode).

2. Data stored for one grouwp, all planes ("mesh-stored” mode).

3. Data stored for one group, several plaaes (3-D problems omly)
("plane-stored” mode)®

4. Data stored for one group, several rows (2-D problems only) ("row-
stored” mode) .

aS.ce Section 225 for details.

b“ter deternining the number of immer iterationms to be dome for a given
problea, the code normally will store as many planes of dsta there sre
inner iterations (to minimize 1/0) providing enough core storage is avail-
able. This built-in procedure may be overriden by optiom.
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5. Data stored for or: group, one row (“one-row-stored” mode).

6. Data stored for one group, several planes (or one plane for 2-D
problems) in extended siow core and moved by smailer blocks into
fast core ("multi-level data transfer™ mode).

The code edits 2 table of data storage requirements for all the .ppli-
cable data handling modes when a job is executed, 2nd automatically selects
that mode involving the least awount of data input/output unless overridden
by user control.

Basic Requirements (I8 short worl, &4&-byte)

Program 28,400
Library Routines . 8,200
Buffer Area 5,000-30,000
Minimum Data 5,000

When operated under a2 resident driver, about 11,000 additional words
of memory are required, the amount depending primarily on the system
library routines used by it.

Continued effort on this code will probably introduce additionmal
alternatives further complicating data storage requirements. Still,
automated selection between alternatives minimizes the burden on the
user. It is hoped that added coding can be incorporated within a simple
overlay scheme such that the storage required for program will not
increase much.

Auxiliary Storage

In solving a large problem, this code may well tax available capa-
bility for fast access storage. A 2.5 x 10° space-energy point problems
requires 5 x 10° short-word (2.5 x 10° long-word) storage for one set of
the flux values. Mot only must three sets of these be stored, but one or
two copies of the equation constants, each requiring about four times as
such space as one set of flux values. Not only sust this storage be avail-
able, jeiuwraliy on disc units, but also separated between control cheonels
for efficient data transfer. When one disc wmit is inadequate to hold
a file, the dats must span two or more units. Details of the files are
discussed in Section 204.
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To exercise control over the interface data files, a user must have
information about these; refer to Section 204.

END OF SECTION
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Programming Iaforsatior

In the following secrions, the information needed for a comprehensive
mnderstanding of the prugram is presented. This information is directed
at the programeer making modification te the code or converting it from
one coamputer to another, and is intended only to supplemant the source
deck FORTRAN listing which contains informative comments. Primary data

arrays are defined on comment lines and conversion notes are included.

The source language is FORTRAN, primarily the standard ASA 1966
FORTRAN. However, block transter of datz of mixed type is done without
indexing in the guise of the REAL type, and the direct access mode of
data transfer is used. Local system voutines ar2 used to allocate memory
and to define the direct access files and access parameters dynamically,
and also to obtain time and compuier model; the functions of these routines
would have to be satisfied or requirements and associated capability by-

passed.

EXD OF SECTION
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Section 201-1 Information About Subroutines

Here principal information is provided about the subroutines. Wwhere
practical, they are grouped into sets to identify those which are used
together to perform some well-defined function.
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VENTURE SUBROSTINES

TEE ACCESS, CONIBOL, AND CREERAL PURPOSE BOSTIWES

HAIR  EUFTRY POLST TO TRE VEFTURRE WEUTRONICS CODE BLOCK
CALLS ERRSET, TIRER, DOPC, IONO, VENT, DRIV
IONO ASSIGES [EPUT,OUTIUT URIT WNBERS
VEET ACCESSES CODE BLOCK CONTROL INPORBATION
CALLS SKERR, PERR
DRIV  PASSES ISFORBATION 70 TRE CONTROLLER ROUTINE
ALLOCATES COBE STORAGE
CALLS GETCOR, BOKX, ROXY, DIPF, DOFC, PRECOR
DIPPF CONTROLS THE CALCULATION
CALLS CORE, BACY, CONY, PEIA, OBLXI, CONC, LCAL, PLID,
FXSR, BSQ¥, AJET, PFROS, DOPC, OSTR, DSDP, BCID,
DIAS, AJDS, PLRD, ADNY, EDIT, SAVI, PRERT, TIRER
CORE DETERAINAS STORAGE REQUIREBARITS AUD DATA WAWDLING ROBES
CALLS CORI, CORP, GBAR, CORD, CORB, DDSP, DASU, SKER, PFERR
CORI  OBTAIN PILE SPECIPICATION RECORD PROR ISTERPACE PILES BDXSRP,
SUATDE, GRUPXS, AUWD GEODST
CALLS SKER
BASU  SETUP DIRNCT ACCESS PILES
CALLS DOPC, PFERR
TINER SERVICE J00TINE FOR CONPUTRR TIEE ERIC.
STOR SERVICE ROUTISE POR HOVING DATA IN HAIN KEUORY
SKER PILE BABAGESEST RELATED ERROR AESSAGES
PERR ALL OTRE2 PATAL ERROR NESSAGES

TRE INPUT/0UTPUL ROUTINES

DOPC IWITIALIZES, OPESS, AND CLOSES JATA PILES
EFTRY R0XY COREUNICATES DATA ARBAYS
CALLS SEEK, RITE, DEPILE, CLOSDA, (PBSAN AND BETRIRS)
RIZE DATA TRANSPER BAWAGER ASD WRITES DATA (FORTZAN MITHE) -
CALLED BI BOST ROVTINES
BFIRY 4EBP READS DATA (FORTRAN READ) ~ CALLED BY BOST
ROPTINES
EFTRY 80XX COBNEUSICATES DATA ABRAYS
CALLS CRIT, CRRD, (PBSAE ABD RUTRIES)
SEEK IFTERFACZ DATA PILES BATAGER
CALLS BITE, REDD
CRI? ASSENSLY LAWGUAGE ROPTINE FOR COBE TO EXTENDRED CORE DATA
TRAWSPEBR (SEE SECTION 203 POR TSR PORTRAF EQUIVALENT)
EWIBT CAED EXTEWDED CORE 70 CONE DATA TRADSPRR
DEPILE ASSENNLY LANGUAGE ROUTINE 10 EBIECUTE THE PORTEAD DEFINE PILE
STATRUEDT USING PRONLEN DEPENDEFY VARIANLES (OPENS DIRECY
ACCESS PILES) - ACCESSES SYSTEE ROUTINE INCEDIOS
CLOSDA ASSEBBLY LANGUAGE ROUTIBE 70 CLOSE DIRRCT ACCESS FILES
PISAS 1LOCAL I/0 BOUTIDE USED ALOMG 9ITH THE IDS I/0 PACKAGE TO
PRODUCE SPECIAL CAPADILITY - BOT VUSED 1IJ THE CODE AS EELEASED

(Con?)

NI R |
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THE CALICULATIOB CP BACKGSCCPIC CRCSS SICTICES

BTG COCOTOT OB ORG B GO GO GECTOBE® W PR @S S oSS

SACT1 CCHYBCLS BACRCSCCEIC C3ICSS SECTIIOF CALCSIATICH
CALLS BACA, BACB, BAC3Z, SCiL, BAC3, AACS, CEDA, HACH,
BACé, *KER, *EBD
BACA IBITIAL EBOCESSING CP GHOPIS
CALLS STOR
SACB CHERCE NABES ADD CIASSES G¥ UDISEP AUD GRUPKXS POR AGREERERD1
BAC2 CALCULAIE MACROSCOPIC PRIECIPAL CB(SS SICTICES
SCAL LOCATES ECSITICE CP SCATTERING FECCPDS OF GROPXS
AAC3 CALCULATE RACROSCOPIC SCATTERIBE CRCSS SECTIONS
NACS ADJEST CIFPUSICE CONSTAST ARD SCATIRRING DATA POR P1 CALC.
CBEE CBECK DIBRNISION SEARCE BATA
CAILS SEED
MACS CALCSIATE RACROSCOPIC SEARCE BANA
BAC6 EBIT BACECSCOPIC CECSS SIKCTICES

THE CAICULATION (P RQUATICS COBSTANTS

COB1 COBIBCLS RQUATICE CCESTANTS CALCULATION
CALLS uSBO, BRCP, ASEl, COB2, GEOQ, COB3, ®SH3, CKCT,
ccme, CCES, COB), COB9, STOR, SKER, PERR
NSR0 SETUP COABSE NESR PARAMERIRSS PC5 1C AWD 2D CASES
BSCF COUVIST SICIOB ASSIGRUEDTS BY CCASSE BESE T0 PIBE NESH
ASe1 CALCULATE PINE 8RB DISIAPCRS
CON2 SETUF BCUBDARY CCESTAUTS ABD ROCKLING
G20Q CUABGE PBOE 3D 10 2D CASE
COB3 ERESIBUCIGSE BACSOSCOPIC CATA ASC ZEN0 80D CROSS SEC1IONS
CALLS BROD, SIOB
ASA3 EDIT PIUB SESE CISTANCES
CECT SETUP IDCIXISG POR DIPPUSICE COBSTAPIS
COWS  CALCBIATIES LEAKAGE COPSTADTS
CALLS BROD, BEDY
CONS CALCOLIIBS LEAKAGE COBSTAUTS (TRI1ACOBAL)
CALLS WROD, BFDY
COW7 CALCOIATES LEAKDGE COBSTANTS (EREXAGOWAL)
CALLE PROD, BBUY
COE9 CAILCUIATS ZOBE VOISWIS PEOR REGIOB VOLSNES AFND BETIEBNIPE T08R
UITE BARINWN NU*SIGPeVOL
CAILS BDOD
S20D PUSCTION 10 DRTERUISE INIERSAL BLACK ABSOPBES ZONES
PUBY  PEBICTION T0 CALCEIATE EGB-SETORD LENKAGE COBSTADT

THE INITIALISAIICE PROCESS

PRIA COFIRCLS PFLUX IPITIBLIZAIICK
CAILS PRIV, EDI2, $8I3, PERR
PUIT  IPITIA PLOX 1S CONETABI
CAllS BROD

(COBT)
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P0I2 INITIM PLEE IS A PUNCTION OF SEACE ADD BEBBSY
CALLS B0B3, SR, BBOC
2988 CALCULATI EEERGY DIFERIDUTION POUCIIOD
SIS CALCUIATE SPATIAL S STRIDNTION NICTINNS
PEI3 POOCRSS IUITIAL 7103 PROG PLOZ IDTEOPACE JBAT B8 REBAGOES TO
SSU GISE INCIPT POS TRINGOUAL 00D EEXAGOEAL CRONETRIES)
CaLLS PEIS, PBIS ,FEIG, BOCD, B2
PEIS 18 RK IPASSIOE
RIS 28 PLOR MDA NGIOS
Calls POUD, PCD
PEI6 3 PIOE IEPADSICH
CALLS PDOS, IC, ICID
POED POBCIIOT 30 ISTERSIEE ABTITICIAL PLUR POIBY
2C28 POBCIIDE 99 BETIRGINE ARIIPICIAL CCOEER POINT - 20
FC3> POBCIIOS 30 JETEONINE APPIFICIAL CCEUER POIDT - O
CALLE PCDD
ORLE CONTICLS CVERBSLAZNTION PASABETES IDITINLIZATIOS
CALLE BATG, COBG, PERD
BATS CALCULATI OVERSRLAZATION CORPERICIEDES ADD INEER ITERATIOGS
CALLS LUCE, OGO
LECE POBCIION 70 JSTEBEIUE BESR DECEEDENT PABAMIETES 08 LANOOA
COBé PRSTARE JOCROSCOPIC CROZS SECIICPS 20D CTERS SATS PGB
ITESAIXI 98 PROCESS

THE ITEGATIVE FICCESS

CouC UTILITY ICUTINE

LCAL CALCULATAE STARTING SDORSSSES IS BATA ABRAY
Cazis Tend

PLIR OFPTAINES IITIAL MU

PESE OPTAIPS ) PIIRD SCONCE
CaLLE SKBS

8SQV  SEASCE CAICULATIOR OTILITY ROOTINE

AJUT  SETS WP 10PVPI,00TPUT PILES POB TSR ADJOINT PROB.ER
Calls BVl

2SV7  PROCESSES SCATIERIDG DATA FOR ACICIDT POOULES

PROS SETS WP (BPUI/0UTIOT PILIES
CALLSE 2103

TI0O3 PROCESSES PRIBCIPAL CPOSS SECIICES

§SOF CALCULAILS INDIRECT SUCLIDE SEABCH CHANGE LIGRUVALSE

CID COBIICLS SEARCE CMICSIATION EX1T CFTIONS

PIRS CALCULATES DINEESION SEBRCE CRAUSE FACTCR

ANS COUTICLS CINEBSICY SEARCE CRABGIES
CallL: PIm1Y, 91IN2, BIN)

OINYT REAES CCASSE GISE BODIPIERS PBOB : . ARCE INTERFACE PILB

PIR2 CONTBOLS COARSE WNESH ANS VOLOAE CEJISES - O0ITRS BES GLOTSY
CALLS Co2s, CFGV

PIN3 COWTROLS CTANGE ZOBE VOLUNES - ORITES NR® UDISAP INTERPACE
CALLS 3VOYV

TIVAY  CBABGES 30Ut voLoaAlS

PLPD GEALS GLOCST POB PIBAL ILXIT CF SRSE - DIASNSION SEANCE
CAlLl: rLEG

o)
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CEAUSES CCUBSE S8s8
CALCULAT] SUCIOE WiS FRiR POIN WIS
calls cant
CRADGES 20500 YOLOuSS
S061S PIBAL 685D - CIBEISICE SROOCH
OUTER I10ATINP COPTRLLIED
CALlS POEE, SIS, FOOS, 35C8, MR, POOR, J030, BALC, TTO
« UB8S, UBSE, PUEC, tUA3, CHEP, CHOY, CRR2, BTOY
» 5382, IBNS, S600, MNS
SEUTEE LRASCE CLXCUIATING
CALCUIATES TEE BESECT SE0CE POCEHLES BICRUVALGE
COBETSEEY ACCELERATING SONUISE
CIBETEREY ACCHLEANTEON NKNTIDE
CEBETINEY ACCILERATING BOUIINE
ASS03I8S PLUT CCRVEIERICE

CALICUIATES PLUS RESHANOLIRION FICTCES
SESICER 3,T20.T8 OF TR GPITIFLICATION PACYCS
SOLVES PCH TEE FIAE VALDES MSUS 2 000 ADD OVERRELAXES TERR
7SS0 JEBCE CAICHATIG CoUTPolILlD
Cal1s PIUS, FECU2, POD), POON, POUS, N6
SCATIIR I5¢ S0UBCE CRCUIATINS CCRINCL
CALLS SCOUY, 30652, W), I, N5, NVE
=1 SCATSUREIDE SHUPCE CAICOLIATICE cCCopRCL
CALLS PCUY, FCU2, FOU3, FOON, OO
TOEER ITEBATION COUTROL
CARLS 1I08Y, 1982, 1M}, I0E8, IBOS, Iudé
LET0L00LATI00 PARMIETEE PROCRISING
SINGLIE TS0OR BCHY P10 RETADGLITICE
SOSTLE R00R BODE PLIOT EETPAPCINIICE
SAURE ABE URTRIVES T3 “VBIPE CLIBECT SOCLIBE SEANCH
7108 CALCELATION UIILITY BOUTINE
SEATS BRSTART FPILR
S813ES RESTART PIIR
CALCULATSS OUB-DINENSIONAL SUIRE EASANETERS
COUTISOLLES PO WPOATING ATOSIC BRUSITIES
CALLS 2082, B3, FRERR, SERD
oPONIES ANEGIC DEESITIES
2012 A1CE PRUSITIES
IS ES ITE0ATION COBINOL (Y BOS FICEED RNOPD)
CAlis LOUY, 5988, BRLY, 1BV
19=-130K06E CALCULATION
PISSIOB SCIMCE CALCULATION
SCATIERIDG SCUNCE CRCULATION
P=1 SCATIIRING J0URCE CALCOLAIICH
092-IZARAES CALCULINTION

INUES ITEPATION COPTROL (ALL CATA STOREE ROPH)
CALLS 1002, 8988, SRix, IE92

PISSICD SCOURCE CALICULATICH

IN-12MKA6E CALCOLATION

SCATTERISG SCURCE CALCULATION

Kxowr)
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PO72
LeR2

)
1993
Fou)
s083
12K3
e

LCoa
rOBS

LEKS
JCe
ore:

S

LO®S
O8RS

POUS
Jics

1996
POUE

PELX
Isax
Lowx
rOUR
sSowY
sovz

1949
JI1CX

P=1 SCATIERING SOURCE CAICULIATICY
GUT-IEARAGE CARCUIATICH

IBSER ITESATION CONTROL SFACE EPCELEA EATA STORERE WODE)
CALLS LOWY, EDCE, BELX, IED)

IB-120KdE CALCULATION

PISSION SOURCE CALCTLIATICH

SCATIERIACG SCUBCE CALCULIST1ION

P=1 SQATIERING SORCE CAICBLIATICEH

CUTI-IBARAES CALCUIATICE

IVNES ITERATION COPIROL (BULTIEIE FLABE PATA STORED RODE)
CALLS LOUS, (QOEE, (QEL3, IEBs, SOUX, JICh
I-LEMRAGE CALCULATIOB
PISSIOR $OURCE CAICELATIOB
SCATTIEPISE SCUSCE CarcoIaTION
SCATIM 186 SOUNCE CALCUIATION
F=1 SCATIERING SOURCE CAICBLATICY
OU2-LEARAGE CALCULATION
PEL OCT J CALCOLATICE
ACCESSES DESIDSE CANCOLATICH
CALLS mPWR
ACCESSES FLUE CALCUIATICH
CALLS REIX

INSES ITARATION COPTROL MULTI-50W STORED ROBR)
CALLS LOWS, BBUE, BRI}, IEBPS5, JVCS

IN-LEARA6E CALCULNTION

FISSIOB $OWRCE CALCSLATION

SCATIERISE SOURCE CALCUIATICE

P=1 SCATIERIDG SOSRCE CAICCLAIICH

BEL OCT J4 CALCUIATICH

CCEIBCLLIRE ROUTIDE 70D THE SPICIAL CWE-EIBENSIONAL PROCEDURE
PISSION SCUKCE CALICULATICHN

SCATIERISEG SCUNCE CALCUL1ATION

LINE BELAZATICE UITROOT CVERBELAXA1ION

I00E8 ITEZEATICE CCUTROL (NELTI-IEVEL DATA TRARSPER PODE)
CARLS LCUX, BECOE, SELR, LERX, SOWZI, JICX

IN-LEMCB6E CALCBLATION

PISEICE SCURCE CALCULATICH

SCAITIRING SOWRCE CALCSIATION

SCATTERISG SOUPCE CALCULATIOB

?=1 SCATIERIBG SOORCE CALICULAIICR

O9T-1RARAGE CALCUIATION

DEL BOT J CALCOLATION

(CosT)

AR R B L -
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THE RD1IT RCUIINES

-Ema e @ Gon oo

BCIT

coap
GCEAA
comp
cone
boSP
POOY
§BAL

SOBL
rISS

850S
DN

PLID
SA VY
SAV2

SAY)
SAVS

SAVS
SAVS

SAVv?

CoOFTROLS EDITS
CALLS BDAL, PEDS, FLIG, EEST, BSQS, VISS
EDIT EBRCEIER DESCSIFTIOB
ECIT CROSETRY AND CBECK POF VALIDIIY
2911 FAJCE PRCBIERE EARARPTIEDS
EEIT BOGSCARY IWBICATORS APD CRICE FOR VALIDITY
ZPIT SYRBCLIC PABABPTESS PCR TISK SEACT (IDW 360 ICl)
PRIBTS FLCX, POSER EENSITY, BEOINCS DRUSITY
PBISISE BELTRCE EALAOCE
CALLE SOBL, SEER
CALC?IATES WEVYSCSE EALASCE SCITTIEERIBG DATA
O3ITES FISSION SOUBCE IDIESPACE (FISSOR)
CAILS SERS
CALCULAILES BUCKLINGE IF 3B PRCRLERS
CALCSIATES PCURS A9C BEOUTICE [EFESITY
CALLE POUI, SEER
BSRIIES PLLX IFNTRRPACT [ATA FILE
CALLS PORI, SEER
SPECIAL CATA CUTEST IB ECO? POSB
CALLS SAV2, SAW, SAVE
SPECIAL [ATA OUTEUT IF ECP PCER [CECDST)
CALLS SAV3
SPECIAL CATA CUIEUT IV ECP POBR (CECHST)
SPECIAL [ATA OUIPUT IN BCP POBE (ESCINY)
CALLE SAVS
SPECIAL LATA OSTPOT IF BCP POSR EGDINY)
SPECIAL CATA COTEST IF ECD PCER (BIPFLWK)
CALLS SAV?
SPECIAL [ATA OSTPET IP ECD PCFE (5TIFLOX)

IRE PESTOREATIC) SOSTINRS

G CWEPOPP® PO OD DB

144 b

BAFA
LIPE
T0°7Y

(13 )
BBD2
PERO
BAPS
141 %4

QouT
o

asr?

PER1ESBA110F CCHISO1
CALILS DAPA,LIPE,TOFY,PERC,EAEFS,RTUE, QOUT, SEKER

SETS WP 1PPUT/00IPET PILES POF EEFICGRBATION CALCUIATICH

CALCEIATES BASIC PEBTUREATIOB IPTEGEALS
CALCULATES TRAUSPOP1 PERIVISALIICE IPTEGSALS
CAILS 9OD1,BER2
PERTURIAIION OTILITY ROVIINE
PERIVEBAIION STILITY ROUTISR
EDITS PEATIUREBATION INTEGRAILS
CALCUIATES SPACE ECIPT INPCRT JNCE RAPS
CALLS PBAP
COFTECIS ELIT OF INECRTANCE BAIS
CALLE Q001
EDITS SPACE POIFT IRIORTRNCE H)IPS
ORITES INIISPACE PILE PEBTOR
CALLS SKED
CALCULATES CRANGE I KEPF DEE 10 SIGEAS

(CO®1)
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SPECIAL DORIINES

CGETCOR ASSERELY IADCUAGE OCETISE 7O BLICCHTE COBE BUBARICALLY POB
TEE VIRIAELY BIOEBSIOUED A00ATS AT WO 1IB

POBCOR ASSERBLE (AUGUASE BCUTISE YO FRIE CORE WLLOCATED BT S2TOOR

E9SSET SUPPLIE: TER LEVEL OF BBOOR 2905 T TER SUSTES

LABEL COBNCE BLICKS

CoreL
cmnt
S6UT IO
T009%Y
ATLWY
AOS®S
LINTS
ADRES
rSear

EBE CPF SECTION 301
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Scection 203-i: iransierring Jata

To Taciiitate any chamges dhich night oe requireé to the ==thod of
data transfer between mepory and auxiliary storsge, the routines REED and
RITE with known ‘unctions have becn usedi. XEED traasfers data fros auxi-
liarv storage into memory, KRITE moves data froe =«coryv onto acsiliarv stor-
age. These tr.nsfers are made in blucks (arravs) of data alvays under

the guise of &4-byic IBM floating point mmmbters.

Sequential Access

A record ic kept of the avcess position 0f each logical unit. Upon
any regquest for a data tramsfer operatioa, the access pvsition for that
unit is checked with the reference record number provided. If properly
positioned, the transier is made with a Fortran READ or WRITE statement.

If mot properly positioned, repositioning is dome to a higher recoré num-
ber or 2 rewind is donme and repositioning done from the start. (The back-
space capability is not used; trouble with this technique has si=mply
caused us an inordinate amount of trouble locally and on conversion to dis-
tant facilities, and has been a costly penalty in amalvsis effert om
projects.) Thus for transfers vhich are made sequentiallv, the tasis are

performed directly.

It is noted that the technique implemented mav discourase Jarrving an
access position from one routine to another. This practice is cemerally
deemed to be undesirable, that is, to read to some point in a data file in
one routine and then continue readiny in ancther routine, because it re-
strains sequencing routes. The access position data is .arried in an array
in a2 labeled common block in the service routines and not accessed in the

coding or tinkered with.

REWIND capability is provided. Also there = protr.cion against read-
ing data which has a0t been written, especially useful for the debugging
phase of program development. An END OF FILE may be placed on the unit
(after it has been written) with a special call, and then rewind done.

The position flags for the units accessed sequentially are initially set to
zero; an attempt to get data before {t has been written will cause an error

message edit.
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Direct Access

It is true that all data transfers could be made in either the dircect
access mode or the sequeamtial access mode by repositioming. However, we
find penerally that vhen data is moved sequentially, sequential access
is the aost efficient. The multiple repositioning associated with
accessing records out of order is a serious penalty vhen sequential access
is used on manv svstems. Tne solutiom to this problem with storage om
disk wnits is to carrv a record accoumting in the operatiag svitem and
transcit a4 singie positionming crder, the direct access mmie. In the dirat

dccess by recors mde, only fixed length, unformatted records are aoved.

To allow both sequential and direct access modes of operation inm 2
program requires idemtification of the mode for each logical wmit. This
could be dome by (1) usiang different routinmes or set flags in the program,
(2) defining a range of logical wmits for ome type of access, or (3) pro-
viding flags. We reject (1) as imhibiting interchamge, and (2) as ar
undesirable ané not a sufficiers . L w-v. .e scheme selected
allows use of a local adaptation of the INM system routines to dbe used.

For eff icient execution, parameters such as record lemgth zust be
=ade probier dependent. This is done with routines adapted locaily which

must be accessed prior tu use of the auxiliary unit to open it.

Core-te-Core
An implenmentation was adopted which allows Jata files to be stored
iz memory (extended core) if sp:ce allows. In this mode, the dara is

simply moved from one location to another directly.

Asynchronous Operations

The routines provide for asynchronous operations to allow overlap
of input/output operations with calculation. Special routines are re-

quired on a computer to provide tiis capability locally.

Hduiti~level 1/0 Hierarchy

Capability in the routines provides for storage of data fn an

extended (slow) core and input/output with both disc and memory. This
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capaebility admits simmlation and testing of the mode on a mechine lacking
catcended core by use of memory. It also provides a useful mode of operation
Ior 3 large memory machine, since the core-to-extended-core transfers are

simply sovement of daia between memory locatioas.

The lupui/Owtput Rowt imes

¥e expect compromises (0 be made in the cooperative iaterimstallation
el fort ou Che scheme used o admic a variety of imput/output techniques to
be used in a code. The code uses a preliminary implementation of the input/
output service routines vhich are listed alomg with their fumctions in
section 201 . A listing of documenting comments for these mmnaging roucimes
is presested ia Figwre 203-1; the comcerwed programmer should refer to the
Fortraa listing of the routimes actually distributed.
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FIGEBE 20)-0. »4TR 1BGVEI/GUTINT STAVICE BOUTIGRS

CHORC GOUTINE FOR JPASIDG 400 CISSINE ABEILIABY FILES

¢ FODERIED 3-1-7% G0UL VENSIDS e 1”.
s

SOUSOUTISE BICIITASE LU, 0810, 118, I F5ON s :
[ < b

CORESI/ECIISS/N0004 (100) , DUEES (100 . SED0R( 100) . IROEDE OO, WP, BOOC &0

* B9, INPT, UL, JOUT, 12V (00} BN |mec e

SEE DOUTINE SRAS POS WITEUYS oF COBE/NG NI/ s :
e

SERERSIDU EEIN, IPSOELY) mec 108

;|vc 1%

SEA1°8 0O . MBOB g 120

e 138

TEE FCILOBING ASE MOUIGEE OB 3 BOOWME IP TR LOCAL STODR aaec o

- INETIALISE SixE & CBLL T® BT e 138

2= MISCAYE shesast ape 168

3~ CCREPICAER STUR4EE LOCATINSS BIYTE Calls T DCEX AND Meuy |mec 17

&~ OFED BICESSAal FILES (WOR SEUSINED D0 SDISESIIAL PRSTEAM N 199

SIS Calls O S0 ec 190

5= CIOSE FILRES 43 OLSIOED WRTE CALLS 1O BOIC e 200

6~ SETESRISE INFEMACE FILE BUITS BITH CALLS O f2BE |mec 2%

7- SBAPF W OITE A CA0SE CALL T¢ DMK seec 22¢

(STAED ALOUE OPSBATION BAT USE STES, BERD, 400 NTE BITE ;e 258

SECORUTIAL OFEBAZies UITHONE TEESE GURER CUINEEIVTS) NeC 208

e 2%

;e 208

NAARAAAAANAARAAAANAAAANAAAAANANARANAANANA A AN

/s

aarc

sesT S0oPERiE COBBUISCATED MU0 ST TANPENEE SITS |mrc
I _ ]
S0CWEPT ¥R a|mec 310
seec 390
S08C 00
o8 JOB 70 ik PO sepc %0
<IBETIALIZONTCE, OSUALLY SEQSIRRD, STORMEE ARBATSIONC )60
598 ¥ET WARLAMLE eec 370
SETURSS IPEDE(Y) = 1097 1009T 0T |ec 300
JINNOE I = OT OVIPET WIT sarc %2
IPS0E(N = J0OT COUONISED OUTFUT WIT BOIC 8088
OTERD VALUES OF IFSCE 00T USE0 02 SEX BUNC O 0
1= oFES SCONTCE MOTA VILE 200C 829
2 -CLOSE SCBAICE DATA PILR 90C 8530
(CLOSIDG FPILES STUED IV RITENOED COPER BAY DETINIC 80
S POBE IV SEVERSE OR0LD MDOR OFERINEG) S0FC 838
3 ~uRaP 9P, CLOSE ALL PFELES DETORE LEAVING 3 BDODULENOIC 860
AOSICAL WIT BONDES |rc 878
NOSSSS OF LOSICAL SECORES Iv 702 FALB ePc 8800

LOSICAL BECOSD LEISTH (IEOFIRED PR FINRS LENGTE sesc 499
1C00T)

S Y B TP o= e L
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SESVICE ROGTYIPBES GSEL AND ENTRY POINTS

0PC BABGLE PILE OPERIDG, RTC
821
RITE DATA TRABSFER
SEED BOIX
cRITY CORS, EITENEEL COBE DATR TRAUSPRE
cap
SBEE BABAGE INTESPACE DATA PILES
rFsSAnN LOCAL DATA TBARSPER SCEEAE USING SYSTER ROUTINES

FRRN PDISP PRRAD PUB.'E PPNTSP PORSPC PBKSPC PPETE PCHECK
(PLABS ABRR TO SPLIT OF TRIS LARGE ROUTINE)

PRFILE IDa FORTRAN BIBECT ACCESS PILE OPERING

CLOSEA CLOSE FORTRAN PIBECT ACCESS FILES

DATA TRABSIFEZ MWIINE, OBBL VEBRSIOB
SOPIPIED 34-1-75
SENBOLTIINE RETEILYB,IREC,ARBAY,BEDS,RODE)

CoRROB /AGATII/HON0B (100} ,BVERS {100) ,BEDON( 100) ,INOLD(100) , WOP,
s BIC,IBPT, IOUT,JOBT,IAV(IV) ,IZNA

DINEWSION ARRAY{(NNDS), X(1), KK(V)
GBAL®8 BOBOR

TELS BCETIBE PACEAGES TNE PROCEDURES FOR TRANSFER CF DLTA BETWPED

BERCRY ABD DISK ABD BRNOSY - NEBOBY (PSEUDO EXTEMUED COBE)

OF SOAL CORPUTEERS 1T WILL BE MECESSARY TO CONSURICATE THE
SIARTING ADDRESSEZS OF 25BAIS KK AYD X IN SORE OTWER HAWNNER

Leés LOGICAL UBLIT BUBBER OF THE PILE
ikEC BECOBD WRSEa TC EE ALDRESSED

ARBAY BEZERESCE ARMAY IV COBE TO PROVIDE LOCATICH FOR TRAYSPIR

uEps LESGTM OF TUL ARRAY THE BE TBANSPERRED
Ir O, BEQIND COLY
IF .47. U, END FILE AND REQIND OBLY
300 USED POR ASYNCARCEOUS OPEBRATIONS
o= 80
1= TRABSPER OPERATICH
2 CHECK PREVIOUS TRi WSFER CONPLETIOR, FEQUIRED AS A
SPECIAL OB EXTRA CALL PRIOR TO USE OF 1SE DATA,

EXCEZPT wHEW PROTECTION IS PROVIDED BY A SUBSEQUEST

CALL FPOR 2DDITIONAL DATA TRAUSFER PRICF TO USE
10 = 0
G0 10 10%

VARTABLE LENSTH DAZA pLOCKS CORMUBICATED HERE (O SONE OF THE
SYISTEAS, THUIS WOB'T YORK -~ A PFIXED COMMOS BLOCK CAN BE OSED)
ZNTPY BOXX (W , & , X , L , KKk )

ccan)

pOPC1000
BOPC1005
20PC1010
pOPCI020
ooPC1030
DOPC 1080
BUPC1050
DOFC1060
porPC1070
ooPCi1080
poPC109%0
DOPC 189S
porPCci100
DOPCIN10
porcin2g

BITE
RITE
RITE
sITE
[ 1v 44

RITE
RITE
RITE
BITE
2ITE
RITE
RITE
BITE
BITE
BITE
RITE
aIvTe
RITE
RITE
RITE
RITE
RITE
RITE
BITE
BRITE
BITE
RITE
RITE
SITE
RITE
RITE
RITE
pITE
RITE

20

30

a0

50

60

70

80

90
100
110
120
130
1sC
150
160
170
180
190
200
210
22¢
230
280
250
260
270
280
29¢
300
310
320
330
340
350
360
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KK (1)
KK(2)
KK(®
KK (8)
XK (5)
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LENGTE Or THME EBITEBDED COAR DATA COBTIINES ARBAY I
EXTZNDED CORE CATA COFTAINER ARBAY
LENGTH OF THE KK CCUTROL ARBAY
COBTRO0L AlRAY
LEBGTH OF TRE CONTROL ABERAY
SIZE OF THE EITENDED COBRE DATA COUTALBEF ARRAY
USE OF THE SPACE POR COFTROL DATA
ABOUNT OF THE EXTENOSED COBE DATA ARRAY USED
LABGEST USE OF THE EITEBODED CORE DATA ABRAY

OTILITY BOQUTIBE PO BAPAGISG INTERFACE DATA FILES
RODIPIRD 3-1-75 ORNL VERARASION

SUBROUTINE SEEK(UBARE,IVIRS,NRRP,DOP)

CORBONE /MGA 10 /HOBOR(IV0) ,BYERS (100) , NEDUR({ 100 , IBODD(100) , MDP,
* NI0,INPT,IOUT,JOUT,IAY(1IT) IEBA

DIBENSION PFRABE(15)

REAL®0 BEABRE,4OBOR,BLABK,CHABGE, PURGE,CONTRL,PEAAE

iIr:
2ITE
RITE
arre
RITE
RITe
RITE
RITE
RITE

SEEx
SeEx
SBEX
SEEX
SEEK
SEEK
SEEK
Sekex
SERK
SEEK
SEEK
SERK

DATA PBAML/GHCUSTUL,OHGROPLS,6HGEODST,6BRDESRF 6RZBATDE, SASEARCH, SEEXK
* G6ARSYRTR,GHRTrLIL,6MATFLUX,68BZPLUX, 6BPUDIDY,6HCIASE2R,6BISOTXS,SERK
¢ 6BISOTXS,6HIIXSRC/

DATA CBANGE/6MCHANGE/

DATA BLAWE/GH /7. WARGE/6BPURGE /,CONTRL /6BCOBTRY./

FILE BABAGLBENT SULROUTINE POR STABVARD IBTERPACE FILES
ALLGWIBG ONLY ORE PILE TO A LOGICAL UNIT

BEANE
iVEBS
wREF

sop
HOMOR (1)
PEARE
BOEGS (1)
BEDUA (I)
IROLJ(D
IaY

.11 4

nIo

IwpPT
1007
JGOT
IEBA

FILE wABE (EXCEPTICHS BNOTED BELCW)

PILer VERSION BURBER (EXICEPTIOBS BOTED BELOW)
LOGICAL UNIT BNUMABER OR EPROR RETURF COBDITION
(EXCEPTIOBS BOTED BELOY)

OPI108 BUBBES (EXCRPTIONS ¥OTED BELOW)

P1Li BABE I¥ CATALOG, I IS LOGICAL JNIT ROURBER
CATALOG FILE BARES FOR INITIALIZATION

FILE VERSION IN CATALOG

DATA FPOR I/0 TASK (RECORD POSITJOS POR SEDUENTIAL)
TECHNIQUE OF DATA IRANSPER INDICATCR (SEQUENTIAL, 0)
STOBAGE ALLCVED POR DIRECT ACCESS PARAMETERS
BUBBER OF PILES IB CATALCG

LAST LOGICAL ONIT WORBER ASSIGEED

USER DATA KWPUT LOGICAL UNIT

USER OUTPUT CATA LOGICAL DNIT

USk2 CUBDENSED (TERBIDiL) OUTPUT LOGICAL UBIT
OSED FOR ENTRY PRCTECT'OF IN DOPC

PRIBARY CONTROL OPTIONS

RANAPE = ‘CHABGR’ IRTERCHANGE FILE NARES ARD YERSION WUABERS

(CONT)

SERK
SERK
SERK
SERK
SELX
SERK
SEEX
SEEK
SEEK
SERXK
Stk
SERK
SERK
SEEK
L34 4
SEEK
SEEX
Stex
SERX
SEEK
seex
SEEK
SeEK
SEEK
SEEK
SEEK
SEEK
SEEK

3o0
390
800
810
820
830
840
850
860

10
2¢
30
80
<c
60
70

8c
9C
100
$1C
12C
130
180
150
160
17¢
180
190
200
21¢C
220
23¢C
280
250
260
27¢
280
29C
3joc
310
32¢
330
3Ia0
3sC
360
370
3eC
390
800
[ 3 1]
820
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INPUT - HWARE,IVEES, BREP, NOP SEEK

IF IVERS EO O, THE WARES ABD VERSION BUMRBERS ASSOCIATED SEEX

WITH CATALOG POSITIONS WREF ABC BOP WILL BE SEEX
ISFERCHANGETD SEEK

IP IVERS GT U, THE FARES AND VERSION NURBERS ASSOCIATED SEEK

LOGICAL UNIT WOUBBERS BREF ABD HOP NILL BE SEEK
IBSTERCHAIGED SEEK

WBEF vILL BE RETURSED ZERO POR ERROR CONDITIOB SEEK

wop = 0,1 LOCATE PFALE PRIOR TQO READING, WRITING SEEX
IBPuT - HUARE,IVERS, NOP SEEK

IP IVERS EQ O, RETURNS VERSIOS NUNBER ABD LOGICAL SEEK

UBIT NOBGER OF THE LATEST VERSIOB SEEX

IF LVERS EO N, RETURNS LOGICAL UBIT wWOBBESR POR SBEK

VERSION ¥ SEEK

BREF WILL BE RETURSED ZERO FOR ERROR CUONDITION SEEK

noP = 2 CREATE A BER PILE VERSIOS PRIOEB TO WRITING SEEK
wILL IENITIALIZE CCETRL IF NOT IN TABLE POSITION 1 SREK

ISPUT -~ HBABE,NOP SEEK

RETURSS NER VERSICS NUSBER AND LOGICAL UNIT WUABER SEEX

ABD ADDS BEB [ATA TC CATALOG SEEK

BREF WILL BE RETURSED IERO POR ERROR CONDITION SERK

®0P = 3 CATALOG INITIALIZATION, PUTS DATA OB UNIT ICAT SEEK
IF BBREF .CI.V0, IT IS THE BOUNBER OF PFILES PFROB TRE LIST SEEK

HOP = & PURBGI NG OPTICH SEEK
IBPUT - HMABE,IVERS,NCP SEEX

IP BBABE EQ "PURGE °, ALL PILE REPERENCES WILL BE SEEK

URLETZD EXCEFT POR CONTRL SEBK

IF UBARE BE °PURGE °* AND IVERS EQ O, ALL VERSIONS SEEX

OF THE PILE MILL PE DELETED SEBK

IF HBRARE SE °PUORGE ° ABD IVERS EQ N, ONLY VERSIOS ¥ SBEK

OF TME PILE BILL PE DELETED SEZK

wop = ¢ EXITRACT COBTEN1IS OF CATALOC SEEK
INNT - IVERS, BREF,NO0P SERK

IFr 1vias 20 O, WREP WILL BE TREATED AS THE 20SITION SEEK

IB THE CATALOG AN THE ASSOCIATED PILE NARE, SEEX

VERSIOS WUBBER, ABD LOGICAL UBIT sUBBER SEEX

$1LL BE RETUREED SEBK

IP LVERS GT O, NREP BILL BE TREATED AS THBE 10GICAL SEEK

UNIT BOBBER ANP THE ASSOCIATED PILE BABRE, SEEK

VERSIOS BUBBER, ABD CATALOG POSITION SEEK

YILL BE RETORNRD SEEK

NREF WILL BE RETURNED IERC FOR ERROR COBDITION SEEK

soP = 6,7 #0T USRD SEEK
sO0P = 8 READ COBTEWIS OF CATALOG (SAVED IN LAST BODULER SEEX
ESRCUTED) SBEK

soP = 9 URITE CONTESTS OF CATALOG (POR USE BY BEIT BRODULE SEEK
TO BE EXERCUIERD) SEEK

goP = 10 EDIT CONTENTS OF CATALOG SEEK
IFr BpRr.G7.0, WBITES JOUT INSTEAD OF 100T SEEK

sOP = 11 BRTURN UTILITY ORIT BONBERS SEEK
SERK

9888080808 R EQUEST 09359000980 98530080 ¢ RESPONSE ©920980808SERK
a8A8R IVERS BREY zopP SEARE IveRs 1 ] 144 sop SEEX
CEABGE It Ir2 CHABGE O 1Tt IT2 SBEKX

{COBT)

830
880
850
860
870
880
89¢
500
510
520
530
580
55¢
560
570
580
590
600
610
€20
63C
685
650
660
670
680
690
700
710
720
730
7480
750
760
770
780
790
800
810
820
830
880
850
860
870
880
890
900
910
920
930
980
950
960
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caagee 9 o=z IT2 SEEBK 970

CHRANGE B Lot Lu2 CHABGE & LD} LO2 SEEK 980
CHAWGE A o=t LU2 SEBK 990

| 0 - o 8 5L (€} 0 SEEX 1000
a 0 o=t 0 SERX1010

H » - ] | » io 0 SEEX1020
B » o=t 0 SEEEK 10130

a 0 - 1 B 5L LU 1 SEEX1040
B 0 o=t ! SE2x1050

a » - 1 a L] LU 1 SEEX 1060
a » o=t 1 SEEE1070

B - - 2 B (1] ) &) 2 SEEK1080
B - o=t 2 SEEX 1090

- - - 3 - ~ INIT 3 SEEK1100
PURGE - - 8 FURGE - - L] SEEK1110

a 0 - L] B 0 - L SEEK1120
a | - ] A » - ] SEEK1130
- o I S B » 1w S SEERK1140
- 0 =B 5 SEEX 1150

- a8 LU S .| [ ] 1T S SEEK1160
- a o= 5 SERK1170

.} ] LG 6 a » v 6 SEEK 1180
- - - 7 - - - 7 SEEK1 190
- - - e - - - 8 SEEK1200
- - - 9 - - - 9 SEEK 1210
- - - 10 - - - 10 SEEK1220
- - - n IBPT I0o0T JOUT SERK1230
SEEK 1280

B FILE BARE SEEK1250
L YERSION NOPBER SEEK1260
BL LAST VERSION BUABER Seex 1270
m BES VERSION BUPBESR SEEK1280
LU,LOV,L02 LOGICAL UBNIT woNBER SEEK 1290
17,170,172 ZABLE POSITICH SEEK 1300
8 GREATER THAN ZEBO SEEK1310
0=E ERROR SEEKt320
- BOT USED (BUY BEABE BOST BOT BE *CHANGE®) SERKX 13130
PSS 0000 S SRRSO PRS00SO 008000 050808 soS 08 98888088 SPEK1380

(COBT)
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BASIC ROUTIEE PFOR BERORY, EXITEBDED CORE DATA TRARSPERS
A BUCE PASTES ASSREBLER LASGUAGE VERSIOW OF TRIS IS IN OSE

SUPBOUTINE CRIT(X,.1.0,J)
DIREBSIOB X{8}, (V)

USE OP ARGUARNIS

-—

¢ DATA ARBAY 1¥ BRERORY

Y DATA ARRAY Ip EETENOED (SLOS OB PARTITIONED) CoORE

B LEBGTS OF ULATA STRIBG TO BE ROVED, SBOBT BORDS, BNIIED TIPE
ALLOMED

J SISTES FLAG OF SOAR SISTERS, BOT USED LOCALLY

ESTSY FOR EITEBDED CORE TC BEWORY TRAESPER
EUTEY CRED (X, X, N, N

DO 10t [=1,8
(=K (I}
CCETIBNUE
SETURS

2D

£y OF SECTION 203
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Seotion 295: Input:tutput File Requirements

In this discussion, the data tiles which must be resident on auxiliare

~
XY

storage devices are identificd as Standard Interface Tiles or scrateh

fi fes.

i

t is assumced that the zcraten files are cach assigned a logical

unit number in the range 2l1-p5 and units -9 are reserved for special

purpusces.

our normal logical devices are unit 5 input and unit 6 cutput.

Lnit 4 is used to contain a cellection of the results for export (BCD,

tape).  Assignments may be simply changed at the frent end of the code.
Standard Interface Data Files Used

GRUPXS — Group ordered microscopic cross scctions

GEODST — Geometry description

NDXSRF — Nuclide to cross section referencing data

ZNATDN — Zone nuclide atomic densities

SEARCH — sSearch data (required onlv for search)

FIXSRC — Fixed source (required for a fixed source problem only)

RTFLUX — Total aeutron flux (i@ supplied)

ATFLUX — Total adjoint neutron flux (if supplied)

Standard Interface Data Files Generated b Option

RTFLUX — Total neutron flux

ATFLLX — Total adjoint flux

RZFLUX — Zone average total ncutron Ilux

PWDINT — Point power density

GEODST - Geometry description upon dimension search

NDXSRF — Nuclide to cross section referencing data upon dimension search
ZNATDN — Zone nuclide atomic densities upon concentration search

FIXSRC — Special fixed source rusult

Scratch Data Files bv Unit XNumber

21

22

23 (Direct access):

24 (Direct access)
27 (Direct access)
28 (Direct access)

Macroscopic scatcering cross sections
Principal macroscopic cress sections
Equation coupling constants in space
Tctal neutron flux

Flux Copy

Flux copy

N . - PP .
Version IIl Specifications, LASL report, LA-5486-MS revised.

rﬂnless noted otherwise, files are accessed sequentially; by direct access
is meant write and read of Jisc files at random by record.
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29 (Direct access) V+J times volume (current in the P; sense)
40 (Direct access) Equation constants
51 Fixed source

42 Fission source

33 Total source

345 Neutron balance data
45 Miscellaneous

46 Miscellaneous

47 Search data, misc.
48 Miscellaneous

49 Point volume data
50, 51, 52 Cross section data
53 Mesh data

Certain files contain a large fraction of the data to be stored.
Mote that the product of the record length and number of records is the

total amount of data to be stored in a file.

Let J

points in a row

I = number of rows in a plane

¢ = number of planes

K = number of groups

W =1 for long-word machines, 2 for shor% word

R = 0 for one-dimensional, 2 for two-dimensional, 4 for
three-dimensional cases

H = 1 for hexagonal, O otherwise

M = number of zones (m refers to zone)

A record on units 23 and 40 contain the following da%a for a row or
a plane of points: total loss terms including leakage, regions, element
volumes, left leakage constants, top and bottom leakage constants, front
and back leakage constants, extra leakage constants for hexagonal geometry
data terminated as appropriate for few-dimension problems.

The primary cross sections are carried on units 21 and 22 as follows,
where M refers to the number of zones and K to the number of groups, N

to the number of black absorber zones, and 1 the number of dimensions.

“By miscellaneous is meant that these files are generally used to store
different information at different stages of a calculation, but the
required storage space is usually not large relative to those for
which requirements are given in detail.



Units Record Length (Words)

Number
of Records Notes

23 (3 + W(1+2H)](J+1) + RJ

24,27,28,29 Wil

40 (R¥W)JI + (2+H)JI + (1+R)(J+L) + H
40 (3HWHH)JIL + (14H) (J+I)L + JI + HL
40 {(3 + W(1+2H)J(J+1) + RI} 1

41 LARS

42 AR

43 Wil

44 WMK

45 wWJ1I

467 Wi1

47 WMK

48 WMK

49 W

50-53 Variable but small

1LK Needed only for the '"row-stored"
model (see Section 103), and/or
for perturbation calculations.

LK
LK For "plane-stored' mode only.
K For "mesh-stored” mode only.

LK For the "multilevei data transfer
mode only,

LI A

-

-t

K
1L
Variable

aFot the case when the initial fluxes are read from the standard interface RTFLUX, number of records is LK.

£€-%02



Record

21 M[{N(k) ]

22

Rk E AR HERE

X

by | ¢

2J+21
+2L+3

7K
Nk
MK

206-5

Num 1
of Records Ccantents

K Inscattering X%(k’ = k,m); for the P,
calculation, tﬁe data for each k follows
the Sg data in a separate record, in-
creasing the nusber of records to 2K,
D(k.-)!s(k' “* k,m)

1 Fission source distribution x(m,k)

1 Sink term I (m,k) + Dlnf(-,k)

1 Brckiing loss D Bl(m,k)

1 Production -.;Sf(-,k)

1 Search production v-‘-'P(-,k)

1 Search absorption Eq(-,k)

1 Energy per unit flux W(m,k)

1 Reciprocal velocity Z(m,k)

1 Inscatter range, location of in-group
term N(k),NJ(k)

1 slack absorber zone list, if N > 0

1 Zone volumes V(m)

1 Number of imner iterations, if I > 1

1 Spectral radius, if I > 1

1 Overrelaxation factors, if I > 1

1 Removal cross sections (only with P.
treatment)

1l tod Diffusion coefficients by zone, as well
as the coordinate-direction dependent
values when available from GRUPXS
except with P; treatment

1 Distances to flux points and fine mesh
interval interfaces.

1 External and internal boundary condition
constants.

i “a(m,k) fissile

1 “c(m,k) fertile

It should be noted that microscopic cross sections are used in a

group-ordered form.

A processor code block is required to recast the

data into this form from a reference broad-cnergy-group library in the

nuclide-ordered format defined by the specification for file ISOTXS.
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Code-Dependent Data Files

Figure 234-1 shows the content of special interface files CONIRL,
PERTUB, RSTRTR, and FISSOR. Also shown are the contents of the BCD file
on unit 4 used to transfer data to other installationmns.

CONTRIL. is a file containing all the necessary control infermation
needed by VENTURE for a calculation (see Section 403).

PERTUB is generated by option by the code and contains the basic
perturbation integrals.

RSTRIR is a restart file thich is written by option and may be
supplied to the code to comtima: a previous calculatiom.

FISSOR is a fission source interface file written on option.
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PISCET 298-1. SPICIAL DETS PIXE SENCIPICATIOBNS

COP 00800 0004 000008 0000000000 0000 90000000009 o088 00 O Lol
< REVISE®D VW 36/708

Cc

Cc# corrhs

[ CCIB-310CE-DEREIOLRUT CATS OB(ES CONTDOL OF THR PRIVER

<

Cos o000V L1 G000 00000000000 00800000000 0050000000000 ISSP 00 SP0O OO
c.. aone

cs FIIBR 31RUCTOBR

cs

Ccs SECCE® TTIEB PRESERY IF

(w1 SFSSBRESESSEPES SEES

cs PILE IDRSTIPICATICH ALUAYS FINST

C

= ) TER POLLOWIBG 3BE COFTRCL [M1A BECORBS, OBZ POR EACH COCER
co EICCE, ABD BACE COFTAINIBG 2C7 WCRDPS (101°B0LIC100)

C

cs Ma1es RECOBD ALUAYS

cs DVRINS RECONB ALBAYS

cs BCPIBS BRCCHE ' AS BREDRD

cs TEINS BERCORT AS BERDRD

CcsS INPLES BECCHD AS SRipkn

Ccs SLABK RECOBD ALBAYS 1aST

Ccs

co FECORSS POR OTBES COBE-DLOCHE: £MY ALSO EZ FRESEM]

cu ABE O2EBR CP BRECCEDS POT SEICIEFIED

cs

C

c.- - - - - o
cR FIIE LERBTIPICATIOB

[

cL UBARE, (NESE (1) ,I=1,2),1IVRdS

C

ce J*RE1? ¢ 1

4

(4 SEANE WCLLBSITH PILIE BARE - CCOTRL -~ (B6)

ct ni ROLLPBIIR BSER IDRPIIPICATION (A6)

co Ivas PILE VEDSIOD WNOSER

co o1 DOSRIE FFECISIOB FABINEIER

ct 1 - A6 ¥OPD I3 SIBGIE BOBD

cd 2 - A YCED IS DCWRLIE PRECISION BORD
14

C= oo -—eew -

{COBT)
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C
CL
C
Ly
(o
co
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e
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ctc
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CYERALL PRORLE®N INPORMATION ABE INSTEUCTICES

PRCINS, (XE(1),I<1,1¢C), (IREI),I=1,1C0)

10 teqyLT ¢ 1£0

2 e

X (1-2W)
XX {25)

XX (26)

21X {27-1€C)
IX (1-1CC)

OVERALL PROBLEN DAIA ICESTIPIER [GRPRCINS)
PRCRIEER CR CASE TITLE (2€)

USER LAEEL PCS FEREABERT DATA PILES (A6)
USER LABEL PCH IERMFCEASY DATA FILES (A6)
RESESVELD

RESERVEL

- eseomocew ——- - LY T Y

Commom e -

L¥IVER INSTRUCIICES

ca
(o

£ §
(o

e
(o

(4 4
cD
(9]
ce
<D
ce
(o
ce
Cp
q 4
cp
(4 4

Comacores crvracncnse crmrnmncacvrrrrr s s e s reew ne e ae

SVEIES, (EXI(I),I=1,9CC), (I3(I),XI=1,1(C)

10108017 ¢+ 3C0

eYSINS

BX (1-1¢CC)
Ixg1)

IX {2)
1X13)

IX ¢(8)

IX (5)
IX {6)
47
1X(9)
IX (%)
12 110)
IOy

IX(12)
Iy

IX’1e)
X (15)
15 {16~ 100)

ORIVER CATA IDENTIFIER (€ENDVRIBS)

RESESVET

PRIRASY BERCEY ALLCCITICH, WORLS

PESENVEC POR SECOBLAEY PEMORY ALICCATIICH, WOBLS

RESREEGVEL FOF TESTIMRY BERORY ALLCCATIOR, WOKDS

BAXIROR BLOCK SIZE FCR CTIRBCT ACCESS DATA PIIES,
BCECS

TOTAL FRCCESSOR TIPE ALICWRD FCR IRE RUN, BINOUTES

RESEFVED

RESERAVED

RESESVEL

RESERVEL

RESESVED

STARE~-ALCPE PFLAG -
O - BCDULES AFE ICCESSRED IN A TRUE NCDOLAR SENSE
1 - RCDOLEIS ARE ACCESSED AS IPF ZACB IS 3

STANC-AL1O%E CCC?

PESERVED

IP.CT.0 TKE SERF TAELIES ARE INITILIZEC PRIOR 10 ANY
ACCESS OF TRE SIANCARD IFFUT BODULE

RESESVED

RERIERVED

ES2BVEL

{CCET)
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CBCSS SBCTICH IFCCESSCR IBSTESCIIONS

TRIS DAIA BICOIPED BY INE CBCSS SECTICE PROCESSOR
ICEIBS, (XX31),I=1,100), (INlI),.I=1,1€0)
10108017 + 100

xrIEs CRCSS SECTIOB PSOCESSOR IATA IBENZIPIER (6BICPIDS)
IX (1-1C0) BESREVED

IX(+2) RESRBRVIC

I1X(3) OPFTICE CE IBEOT CRCSS SICTIOR PILE PROCESSING

0 - B0 EBOCESSING BRCIIRED

1 - GEBEBATE BEW BUCLIDE-OBRDERED FILE PFRON
T8E PILE OF F1IES RAVIBG FCERAT 1X(S5)
(BECUIRES IBYF4PACE FfILE CESPRE POR
APBITIORAL IEECREATION)

IX (8) OPTIOB IC GEVERATE A GPCUP-OEDERED FIiE FROB
A TOCLIBE-OFLESEL PILE
cC-m
-1

IX (5) PORRAT OF INPST CROSS SECTIOBS PCH IX(3) EQ 9

C - BOCLILE-OBIEFEL RILE
7 - CITATIOB CBCSS SECTIOR SETS
2 - UERGE TS0 BUCLIIR-CRERSEDR PIIRS
IXL6) OFTICR CB PEIBCIPAI CRCSS SECTIOER BATA
POR IX(®) BRC IV
G - BETRIR ALL LITH
7 - REDERINE (B,CARTA) CBOSS SRCTICH T0 £f
TIR% CP770R! CHCSS SECTIOB = (B,GABEA) ¢
WLALERA) ¢ (B,P) ¢ (W,L) & [0,T) - (§,20)
IX(7) OPTIOR OF SCATITIRIDG DATA POB IX(8) 20 Y
G - SETAID M1 INTR
1 - ¥ETAIN MR ICIAL SCAITERIBG OBILY
Ix(e OPTICE OB SCATTERIEG CHTER POR IX(¥) 20 1
G - BETAIR ALL EOTA
B - BFETAIY CRCERS 8 TO {¥-1) OmLY
I1X {9) OPTIOB O¥ SCATTERING BDECORD PLCCEBIBG PACICH
P05 IX(8) RC I
0 - BSPICK = 3
B - USELOCR = ¥, IP (B130/8)*P BQ NISC,
CTRERSISE BSRLCK = JISO
ORERE BISO IS INE BUNBER OF BOCLIDIES
IX{70) OFIICH TC COSFSIR 1I8¥ TCTAL SCATIERIBG RITRIX
FRCE TEE COSPOBERNIS POB IX(N) RQ 9
T0TA1 = ELASTIC ¢ IBELASTIC ¢ B2B
{IBIS 5GST BR BOBE IF THE GRUPIS PIL: IS 70 BB
USEC BY VEBTERE ABC THEER IS B3O T0TAL
SCATTERING DATA PSISENT)
0~
1 - 1S
IX ¢19) OPZIOB T0 CREATE ISO10FE AIX10ARS APTER EROCRSSING
SERCIPIRE BY IX(2) ABD IX{S), IP ABY

{cor1)



e L R R ST g T R e T o

<08-9

o -3
1 - IS (BRCOIBR: IBIROPACE PILE CISERR PCE
ABLITICUAL IBICBUATION)
IX {12-22) RESERVRE
1T423) OFTICE TC REIT LATEST BICLIDE-CRDPBRD Pl1P
o -9
1 - 1S
IX(28) OFTICS 1C REIT CBCUE-CBIERED PILE
C - w0
1-1mns
IX {25-100) RESERVEL

-— - o -

BEGIROBICS TUSIROCTICES

IRIS DATA RICOISED EY IRE VENTURE COLR BLOCK
DTPINS, (XX{I),I=1,100), (1IX(I),I=1, 1CO)

DTPINS BEOTHONICS COWTHRCL ILEWTIPIEE, A (6)

X (1) SEPEBENCE REAL TIRE, DAYS

1542) BACBINE TIBE ALLCBEL PO2 SCLOTICH, BIN
{(ITERATION TERPIBITED IF TIRE EXCEEDED)

IX {3) CYICLE TINE IF RIBUIES TO WEITE BESIAFT TATA

BCT DCBE IF O, ALIWAYS COWE AT END IF BOW-IZRO
BOTE PBAT VABIAEBIZS 5OT DEFIBEL ARE BESERVEC POR LATER 0SE

IX (8) FOWEF LEVEL CF FREACICR, BAITS TRERNAL

XX (5) ENERGY CCPVERSICY PACTOR, PISSICE 10 THEEARML

X {6) FEACTION CP RENCICE TRRATEL

IX¢7) SPECIPIEL MOLTIPLICAIXIOF PACICR POE SEARCH IF
BCB-2ZEBC

XX (8, SPECIPIED OVERBEIAIATION CCEFPICIEST IF NCN-2Z2RO

1X{9) ESTIEATE CP THE EICGEBVALUE PGS CHREEYCHEY
ACCELEEATION O3 cCC1Z2R ITERAIIOSS

XX {10) ESTIPATE CP THE 1OwES LIBIT OF TRE SEECTRU® OP
EICENVALUES PCF CAEBYCHEV ACCELEBAIIOD

3T (1Y) CCRVERGERCE CRITERIA OF INTSGRAL QUABTITIES
RAXIRON BELATIVE CHANGE OB CUTER ITERATICH

XX (12) COBVERGESCE CEITESI? OF LOCAL OR POINT VARIABLESS

BAXIAGS RELATIVE FOINT PLOX CRANGE ON COTES
ITERATIOB ;.0000f%)

1K (13) COWSIANT BUCKLING VALUE GMICE “VERSILES THE CATA
IP GECLST FILlt It WON-ZE2C

XX [{18) - XX{100) BESEFVED

IX{1) IBCICATCE TBAT TEE CCDE ELOCK BAS INFUT DATA

({CCHT)




©83858888888890883330588883988508C0983080888893808888338838¢983

IX¢d

Ix{»n
I1X(N)

IE(S

IK (6)

IZ(D
IX (8)

IK(D

IX¢100
IZ¢In
IX(32)
IX(13)
IZ(19)
IX (15)

IX (D
IX(18)

IX¢19)

208-10

BOT COWPAINED IS TSR STANDARD IWTERPACE PILES
OTBER THAS TRIS BLOCK OF DATA IP .GT.0
SESTART OPTIONS- BESTART USING BATA PROS AR
OLD CAS® IF .GT. 0, BEQUIRES SPECIAL RESTART
DATA FILE
WEPERESCE COUNT ON PROBLEES (CYCLE BSABER)
BEUTROBICS OPTIONS
1- PISIT E-DIPPERENCE DIPPESIOS TREDRY
2- PISITE-DIPPEREECE SISPLE EV APPROXIBATION
TIPE OF PROBLER
0~ DETERNINE SOURCE BULTIPLICATION FACTOR
}- SEARCH PBOBLER (PILE OP SEARCE DATR IS
REQUIRED, SEE OPTION IX(10))
2- PIXED SOUBCE PROBLEN
3- ADJOLNT PROBLES OBLY
8- BUCKLING SEARCHE
S- PROSPT BODE ALPEA CALCSLATIOB, V/V SEARCH
ADJOINT PROBLES OPTIONS
0 - 5O AT ~_BT PROBLER TO BE DUBER
1 - EIGESZALUE TYPE PROBLEN
(BORBALLY FPOLLOVING A PORNARD PROBLZE)
2 - PIXED SOURCE TIPE PROBLES
JPTIONS OF GAR3A HEATING
(BOT IAPLENEWTED)
OPLION TO POBCE DATA HANDLING BGDE (POR TESTING)
0- AUTOBATED TO WIBSINIZE IDPUT/00TPUT
1- BASE PROBLEN CORER COSTAINED
2- SPACE PBOBLEN AT EACH EBERGE COFTAINER
3- OFE POW CONTAINED IF CORE
8- OBE OR BOBE SPASZ PLANES CONTAINED IS CORE
5- ROLTIPLEZ ROWS STORED POR TWO DiBEBSIONAL
6- AULTI-LEVZL DATA TRANSFER
JPTIONS ON PLUX TRITIALIZATICN
0 SET ALL PLUX VALOERS EQUAL
'  OSE AUTONATED PROCEUURE
2- USE AVAILABLE SCALA® PLUX PILE
IOENTIPIES SEARCH DATA IN SEARCH PXLE, IX(5)=1
IDENTIPIES SECONDARY SZARCH DATA IB SEARCH PILE
PO BE USED IP CONSTRAINTS POR PIRST SET ARE
BOT SATISPIED, AND SECOBD SEARCH IS TO BEZ DOSE
SPRECIPIES THAT A 2-D PROBLEM IS 10 BE SOLVED POR
THIS PLAKE OF A 3-D DESCRIPTICH IP NON-ZERO
ORDER IN THE CROSS SECTION IILE OF THE DIRECTION
DEPEZBDEST TRANSPORT CROSS SECTIOB TO BE USED
POR THE PIRST CORRDINATE DIRECIICHN (USUALLY 0)
PITTO, SECOWD COORDINATE DIRECT IO
pITTO0, THBIRD COORDINATE DIRECTION
PIBCE KEPP. CALC. BY SOURCE RATIC IF GT O
PISSIOB SOURCE DISTRIBUTION PUNCTION OPTION
0~ SET VALUES TO BE USED (SANE IN EACH ZOSE)
Y- REGIOW CEPENDEST VALOES TO BE USED
PISSION SOURCE DISTRIBUT IOF WOBBALIZATION OPTION
0~ LEAVE UNNORMALIZED
3~ WORMALIZE EACH SZT TO SUR TO URITY

(cont)
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Ix ¢25)
IE(37)
IX (28)
IX {39)
IX (40)

IX {89)

IX (82)
IX {88)

IX {8S)

IX (86)
IX (87)
IX ST

<08~122

oPTICE 70 BTI?
CETIC(® TC EIIT
CP1IC® TC ELI1
CPFTICS TC ELIT
cP1IICE YO ELIT
SEIGRATING)
Ce1ICy 10 ECIT
OP1ICE 1IC ECIT
CETICE TC ECIT
C- ¥C EDIT
V- BIsINGA ¢
4~ BALIIRUB B

SCLIAS BBUTROS PIUX BY PCINT
ZCBE-AVERAGE SCALAR P1UX

ECUEEF DENSITY BAP BY IBTESVIL
ECSEF DENSITY TRAVERSES TH20 PEZAK
BEUTSCE DRENSITY RAF V/V PLUI

BEQTECE DEWSITY TEAVESSES
SCALAR ADJCINBT PLUX
ATOPIC OEZESITIES BREN SEARCRIDG

BIT AT EBL
DIT EGIING CALCULATICS

EESTCRBATION OETIONS — I'F NEGATIVE, FILES RTPLOX

ABD ATPLOX A
CALCUB1AT ICH
ARD/0R ATIOX

RE SUPPLIED ABE BC BEUTRCAICS
IS T(BE - OTRERWISE TEE REGOLAR
81 SCIOIICE IS CBIAIBEL aS

SEECIFIRL AROVE ARD EITMER PLOX FILE BOT

GESERATED BT
0- WG EENTURE
1~ CALCBLATE
PLUl INTEG
ALSC CALCS
(RECDYSEL
ALSC EDIT
SECTIOB SF
ALsc BDIT
SECTIOS SE
PLUS ABS-E
S~ ALSC ECIT
R0IT RESSLYS PC
CHOSS SECTIC
ALSO EDIT SENSI
IX(8S) amt 1x
CETICE TC WSITE
¢- uc

TN

€31 BE SUPELIED

ATICE CALCOLATION

ABD EDIT BASIC BEGULAF®ADJICINT
RRLS EXCEET TRAUSPORT

LATE ABD EDIT TBARSEOST IBTEGBALS
P(R CCHPLETE PERTURBATION EFPECT)
BAMCECSCOPIC ARSCRETICS CROSS

ACE ECIBTY INPOBTARCE BAP
BACRCSCOPIC PRCDUCTIOB CACSS

ACE ECINT IBPORTABCE AP

2CD PAP

/% SEACE POINT IRPORIABCE BAP

B A 100 PERCEPT CHASGE 1B RACHO
8S, CBLY IPF IX(85).BE.0

TIVITY BESBITS PCP IWE CUANGE,
(“) -BL. 0

10E FOINT SCALAR PLOIX PFILE

- SESRITE TRE IATIST VEBSION OP AN OLD PILE

(ir 1ues
2= WEITE BE

2 1I¢ BONE, WAIIR A BES CRE)
8 PILE

OFTIOBS AGGYE ABY TYFICAL FCE EZACR PILE COVERED BELOW

1X{52)
IX(%3)
I11{58)
1X (S55)
IX {58)

IX (59)

1X(60)

GETICE TC WIITE
OP110W 10 WRIY?
CETICH TC WEITE
QPIICN 1C WRITE
CAICOLATRD PFRCR
QP1I0B TG WRITE

AFELICAELE OB
OP1IICE 70 WRITR

FEPTUR. IX(aS

INIEGRALS ARE
CETICS® TC WIIT}

{LCGICAL §) AT THR PND OPF A CASE - SRE SECTION 208

or IR WEFTOR
(con

10 FOINT FISSIOW SOGRCE PILE
20BR-AVERAGE SCALABR PLOX PILE
EOBES DEBSITY PILE

A BES PIIED SOURCE PILR
COBPVERSIOS RATIC DATA

SCAXIAR ADJCIBT PLUX FILR
1Y I¥ AP ADJOIST PROBIER UAS DO¥Z
FERTGUBATION IBTEGBALS OB PIILR
) BUST SE BOF-TERO. TRARSPORY
IBCICOED IP ABSIIX(8S)) & 2.
SPECIAL PORMATTED TATA PILE

B BRECRT
b))



208-123

(o 4 II{6Y) A ELADE BURERR AT SEICE ZOSE AED GROWP DUCKLINGS
ce ARE TO BE CAICOLATED

co IR (62) A SECOND PLARE BTABES FOB THE BUCKLING CALCOLIATION
C

Co= -—

Comooa - PR T T Y et LI D Ll L S L Dt Y
cR BEMTIICE BATE RCIULE IBSTHCCIICHS

C

CL RRIIES, (XX(I),I=1,100), IX{I),.1=1,100)

C

ce 101*R0117 » 100

C

(o ] RTINS REACTICE RATE BCDULE CATA IDEWTIPIER (EEERTINS)

(9 4

cC BOTE- USTEPISED DATA ABE DESEFVEL FCF FUTUBE USE.
cC BOTE- IBF VALUE OF ZER0 IS A DEPAUIT PEANIEG TRHRAT 1ME CFTICE TC

cC EESPORR THE TASK IS SCT EXERCISEL. CORSIDERABLE TATA
(< o EAUBLIBG BAY BY IFVOLIVELD ASC BCECE PAFED FEINTIRL, SC CASE
cC SRCOLD BE TARE® 70 CETALld CHIY TROSE RESOLTS WEERCLED.

cc BOTE- COITE GENERALLY I8E FILES -BLXISEF- APD -ZBATCS- ADE BRELEL
cC ABL USBALLY -GEUEIS-

C

(o ] (N DESISED FOWERS LEVEL IF BC¥-ZERC (OSDALLY BEW)

cr | ¢ ) WEIGRTING PACTOF DISCUSSED BELOW

ce IX {8) WEICRTING PACIOF DISCUSSED BELOW

C

(o 1 ¢ OPTIOP 1IC ECIT PFROGBANRER YFFOESATICE FOF CEEJGCCING
(d ) IX(6) OFIICP TC CCREUTE 2BI ELIT” REACTIOP EATES,

(W IBVESNTORIES, ABD PCSER PRODOUCIIOB

cc B012- INCEPIEOEET OF TRE CETICES WRICE POLLIOW, SORMARY TABLES

<C PFE ALSAYS ELITEL OF TAIS CP1ICH

cp IX [9) OFTICE TIC ECIT EY ZCSE ABD SUDZONE POB EACH ONIQUE
ct BUCLIDE SARE

co 1 - IES (WILIL PE DCSE OWLY IF THERE ARE

ct SURZOPES)

cC B0TE- I8 TRIS SDIT, ZOBE RESULTS EICICLE SUBZOBE CCPTIRIBUTICHES
<D I1:10) OFTICH 1IC BCIT EY 2CHE EC® ZICE UBIQUE BUCLIDE BAARE
ct BOTE ~ ZCHES SILI ISCLODE SOPICEE COMIRIBUTICES
cn IX{1Y) OFTICE 1C ECIT EY ZUBE CIASS POR EACE UNIQUE

(4 4 WUCLIDE BARE

CcD IX(12) OFTICE TC BCIT SOBEASY TABLES BY UNIQUE BOUCLIDE BAP™
(of IX (1) OPTION 1C WERIGNT SCBEARY REACTIOP KATES EY BUCLICE
cn EBEFCY GEBESATICH

ce 9= FISSIOS ENERGY CBIY

co 2= FISSICE FLOS CAETI0RE EBERGY

ct I3 (15) OPTIION FOR ACCITIOBAI BESOLTS SITR ALTERBATIVE

cd BEIGAYI.: .S (SORMARY TABLES OBLY)

cr 9= BY PET BROUTECS BECDUCIICN (GESERAIIOB NINOS
cD AESORETIICEH)

(COBTY)



IX(16)

IX (29V)

15122)

1X23)

1X (28)
1X[26)
IX(31)
1x(32)
1X:33)
11135)

I3

11 (89)

X ¢51)

20818

2~ BY CARTURE JAIEK IP PERTILE ABD ARSORPTICH
SATR IP PISEIIR

REEZAT IXT CALICULATICES CP REACTION RATES INCICAIRD
ABOVE (IX{6).C1.C) USING PFLOX, ABJCINT BRICRTING
FRCCIRING #ILE -FESTIUO-

OPTION IC RDIT REBACIIOND SATE SAPS USING PFILIE -5TPLMX
«GT.0- SEECIFIES A CLANEK OF 4 3-TU PROSLIER OR

A R0% OF A 2-0 PRCHLES
-1- TRE ELABE OB 808 IS TO CONTALR TRE
LCCAIION <P Qe2XINOH POEERER DERESITY

BAF ERIDCIPAL REACTIICE (ITES POR FISSILE BUCLIDES
1= ARSOREIICE
2= AEBSORETICR 2¥I EECDOCTICE
3= CAFTIUEE ABD FISS<ICH
8- CAPTUBE, PISSICE ANC PRODUCTION PER

ABSORE1IOE

NAF FEIBCIEAL REACTIICE EATES POR PERTILE BUCLIDRS
1+ CAPINBE
2~ AESOPETICB TBIY

RAP ABSORPIION SATES PCE WUCLIDES CFr TRIS CiASS

BEEREAT IBE BAFPINCG OITE BEICRTING OF ALJCINT PLO
9S1Ive PILE -PEFICB

OPTICE IC EBIT SEMCTIVIIY COEPPICIEDTIS POR OWIT
CHANGES IE FISSIIR SOCLIBE COBCENTHATIONRS

CETICH 2C ECIT BEACIIVIIT COERPPICIZNTS PCR ON1T
CEAPGES IB FERTIIE SICLIBE COBCEBTRATICAS

OFTICE TC ECIT SEACTIVITIY COEFFICIENTS POR UBIT
CBABGES IF BUCIICE CCBCEVTBATICENS OF TEIS CLASS

GFIICE TC EDIT SEMCTIVIIY COEPFICIENTS PCR A CBANGZ
I¥ BUCLICE COBCEBTYBAIIOSS BY I08E (PICR TIE
BEIT-TO-LATEST VERSICE OF FILE -28ATER- TO TE2
LATEST) ABD CHANGE 13 SICEROSCOFIC CROSS SECIIONS
FILE -GRUPXS- SAPE CEDER
1= OBLY CCRCEBTISITICA CHANGES
2- OWLY CROSS SECTICH CHARGES
3~ ©C OB1Y EOTB 10CETHER
§= DC EACH AWD BECT® 10GETIRER

OFTIICE TC PRCCUCE CEIAYEL WROTROU PROPERIIES BITR
FLOX, ACJOIDT SPIGB1ING USING PILZ -EEZPTIE- MNC
-D1D1XS-

OPTICE 1C COLLAEFSE CBOSS SECTIONS ID EBEKGY, PILE
-ISCIXIS~-TC-ISCIRS- USING THE ERERGY STROUCTURE
GIVED AS GROUP LCWER BCOBDS DESCEBLISG 2V, L[ATA
IR AFFAY IX STARIING AT XX (27) TEBRIBATING G1IN
A ZESO EPIRY PCH INE LAST GROOF
1- FSOCUCE EACFCSCCEIC CROSS SECTIOBS PFOR PSIULO

CENSITY CPITY PCS EACH ZOGE, FLOX WEIGENTEL
2- FHODBUCE CPE-TC-CBE WOUCLIDE DATA OPLY ¥OR 1A%
CBES RMAVIBG BCR-2ER0 COBCESTRATICHIS WITR FLOX
SEICBIIBG DS13G FILE -ATPLOX-
3- SANE A% 2 EICEPT PFLUX, ADJCINT BEIGRTIRNG
PEQUISING PILE -FENTUD-

OP1IOR 1C GEBRRAIE A DISIARIBUTED BEUTRCE SCUBCE PILS

~FIISRC- USIBG P1OUX PBCH ~-OTPLOX-

KCeT)



208-15

1~ TOTAT FRCDCCIIONS PROB FISSIOS GROLTIPLIEL OY
Z373) BOTAALIZEL TO A TCTAL CF XX ¢I)*IX(N)
IF XX(R) IS BCUF 2ERC, XXIC3) SET TC UGBITY IF O
2- 10TAL CERIAYRE BEUIRCE SCOBCE USIBG PFIiZ
-LLAYERS-
3~ ASYRPIOTIC CZLAYEL BEETION SOOICE USIEG THE
PASILY CF LICBCEST BRALF LIPE (ASSPBES DISIINCT
CBE AFPLIES) (SING PILZ ~CIAYXS-
1T (52) OFTICh 1C GEFERITE A ICHE-GRCOP DISTBIROIED SCE2CE
FILE -PIXSRC- US1IBC ZTONE AVERAGE FLOU3 PILEZ
-RIFLIOE~- (SEE CPIICES IABRCIAIELY AOCYE)
IX(61) OFTICE TC GENESSITE A PSESD0 ZONZ-CROUP SOURCE PILE
<PIXSRC~- EEGUIBREL BFCER A BESTRCEICS CBRICUIAT.CE
CP 2 SESSITIVITY BEICUTIBG PACTOR
1= CCEYEBSICH (BRBERLIBG) 2ATIC

Comvomonacame o im- oea - —— —

CROF

Ci1CSuat
BLABKY, @XX(I),I=1,1CC), (IX(I),I=1,1(C)

SLABKY EBD OF PILE ICEDTIEIER (6A ) OR (EBELANK )

€CIT)



208-16

COG008 08000000080 ISCOOS 0 OS 00D SORIEP00C 00000 C0 0000000 IS 000000000008

C
C
cr
CE
C

PEBIOD

SEVISED 1V,26/70

PEBTGAIATION DATA - REGUIAR ABD ALJOIBT PLUX IBTEGRALS

COO9808 0005000000 08000000 0PSO OSSR SORIRRRITRISOSIIC IS IR IOIIORES

[ SR,

c2

PILE IOESTIPICATICE

WEANE, (NUSE (1), I=1,2),IVESS

30PU1TeY

SNART
sk
IVERS
1) &4

BCLLIERITE PIL:Z BARE - PEBTUR - (A6)
BCLIERITN OSER ICESIIPICATION - (A6)
PILE VERSIOD BUABEES
CCORLIE EFECISICD PABMIETER
1~ 26 POBL IS SIWGLE ERECISICE BCRD
2 - 36 WORL 1S [CUBLE PRECISION %ORD

SIBCLE VALSE [ATR

EICEAD,XB,C3,X1,8ZI00E,BCROGE, IND BT, 82,03, 88

EIGDAD

LI
"
| L]

”

C
c..------.-. -

EIG~-TADDY BCRRALIIZATION FACICS
IPTEGEAL AlJCIRTISCHISPCREUARD*NUSIGP/K
SOLTIPLICATION FACICE (K-RPP)
FBIRITIVE PISSILE CCBVERSION RATIO
RESERVRE POS POTURE 8SE
BUBRER OF GEOMETFIC 20RES
BOREER ZF BEUTECS EBERGY GROUPS
OPTICN PFOR IBCLOCING TRABSEORT IBIRGEALS
FLAG OB EFFOELEP IVEES -
C- SNEABING BC FRCELEAS WERE SOLVED, CR THRY
WERE RIGESVALOUE PROELISS
1 IS ADDED 10 TRIS IP A riXED SCUNCE PFCENIRD
PRCELER W2S SCIVED
10 IS ADDED 10 IPIS IPF A SIXRv SCUSCE ADJCINTY
PRCELER WAS SCLIVED
BESERVEL POR PCICBE GSB
SESEFVEL PFOS FOTORE US2
RESEBVED FOR PUICRE ESE

ccnT)


http://tai.BE

26817

C— -—

ce I1FIRG3ALS FOR PFRODOCTIION BXCHO
~
cL ({1 (u, %) ,A=1,82082) , A= 1, BGSOUE)
C
ce RCIR* IO
C
(d 4 T PLOZX (X) *CAI {KX) *ABJCIFTI EK), IBTEGBAL CVES KK
cd A3 VClURE, CIVILED BY TEBE GGLTIPLICATION
(d FACTCS, VClUPRE INTEGRALS
C
C—
C
ce PIOR, ALJOIFT VCISAR IBTEGRRLS
C
CL ((S(8,0K),R=1,02080) ,KK=1,0GACOP)-—--D01E STROCIOSE DELOW—---
C
o 20BEsRCIOUP
C
C L0 1K = 1,86000P
1 RiD (W) SLIST AS AECWRe
C
(o] S P1OX [KK) *ADJCINT {K) VOLUME INTEGRALS
ce {IBIC CRONE B)
C
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Section 205: Overlay of Blocks of Program

For effective use of the computer memory, groups of subroutines must
be brought from auxiliary storage when needed and laid over others no
longer needed in core. Shown in Fig. 205-1 is a listing of the cards
which are recommended for execution on an IBM machine to provide overlay
instructions to the loader. The main program resides in memory along
with any subroutines (and label common) not assigned to an owverlay level.
Control to the lowest level must be resident for return through the calling
routines without input of program. Thus the specifications id:ntify
groups of subroutines along any access sequence, control passing to level
D, ther level E, etc. blocks of program assigned ("inserted” at) the
same level share storage; the storage requiremsent for program is the sum

of the maximum requirements at each level.

When the code is vsed as a load module or « job control procedure is
used as available to the system, a suitible overlay structure is made

available and need not be supplied.
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PIGCUBE :385-1. PROCRAZ OVERLA} SI1RICINSR

TEE PCLICUIDG LISTIDG SNOUWS TER CCRRGBICATION THROSGE TRE SOUTINES
UITE 100 LEVEIS OF OVEBIAY, [ AL E. IB ABDPITION, TBE POLLOWING ROSTIEES

(APE 1IABERL CORBCE BLOCKS) ARER ID THE 50CTI SBGEERT.

BAIN, DRIV, DIPP , SERD,FROE,STCR,BPCD, LOFC, SERK, BITR ,CRIT, TIRED, REFILE

C109A

OVERLAY LBVEIR

INSEST VEST,I080,C0RER,COR1,CORP,GHAS,COSR,CCRE, 2OSP,LASY

OVERIAY IBVELL

IESEB1 GCRYCCS,PRACOR

OVERLAY IRVELE

INSERT WAC1,BACZ,BAC3,RACH,BACS,NACG, RACA,8ACS, CHEN ,SCAL

OVERLAY IBVEIE

IsSERT CON1,8580,8RCP,BSH1,0082,C003,C0CT,CCBY,COBS,CCBT,COBY,BRDY
1ESERT PSH3 . GFOC

OVERLMY LEVILL

IBSERT EWIA,FNIY,ENI2,E8X3,ZRIQ,ERIS, EBIG, EBNE, PC2D,PC3E, RODS, SDOS
OVESLAY LEVIRLL

INSZRT CBLI,EATG,I9CK,CCRG

OVERLAY LEVILIL

IBSPRT ADNY _ALB2,4083,0CIC,ESDP, LIPS, AJLS,CINY, EIN2,CHES,CRVL,DIN)
INSERY ZVBY, CECV, FLAC,FLBS

OVERLAY LEVEID

INSERY COSC,LCAL,MXR,PISR,BSQV,AJBT, 5LV, ESCS, 2103 ,SAVE,SAV2,SAV)
INSERT SAVN ,SAVS,SAVE,SAVY

OVvERLEY LEVELIE

INSERT COTR,BALC,IINS,CBRP,CNB1,CRR2,XTEP,JUSB, ATED, PPGG,RDUE,RELY
IFSERT ESOR,SSOR,ESOR, PIUYX

OVERLAY IRVRLE

INSERT BORX,ETR1,ETR2,SCCA

OVERLAY LEVEIE

ISSERT LOIN,GBES,S22S,PREC

OVERIAY IEVEIE

INSERT PO01,S001,8001,I8R1,1001,LEKY

OVERIAY [ZVEIE

INSERT $002.500:,P002,19RZ,1002,1E5K2

OVERIAY IEVEIE

INSEAT $OU3,S003,5003,1I9823,1003,IEK3

OVERIAY LEVEIP

INS®RT FOUN,SOUS,FOUS,INRG,10U8,LERS,CRCE,QRLY, SODX,J CH

OVERIAY IEVEIE

INSERT PO0OS,S00%,POUS,INRE,100S,LEKS,J1CS

OVERLAY LEVELE

INSERT FO06,S00€,I¥R6,DELX

OVERIAY IEVEIE

INSERT EODX,SCOY,F00X,INRE,100%,LERX,SCEZ,S1CK

NYESRIAY 1EVELT

INSERT FCIT,P00T,WBAL,SOBL,FISS,PLYN,RSCE,ENDN

OVERIAY IEVEIL

INSERT EERT,CAPA,LIPE,PERC,BAPS,PAA?,CCCT,5108,10PY,BERT, RREZ,NEPT
ENTBY WALE

END CP SECTICN 20°¢
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Section 220-1: Conversion to Other Computers

The reference code is programmed for an IBM machine. We anticipate
a2 second version of the code being made available for certain other
machines, especially for the CDC-7630. This discussion addresses aspects
of the programming which must receive attention in converting between
machines. Comment lines within the source deck identify specific problem

areas.

On an IBM machine, much of the calculation is done in double preci-
sicn and certain data carried as long words. On long-word machines, this
data should be carried as regular length and the associated double preci-
sion operations changed to single precision. This change is essential
to minimize storage requirements. Alphanumeric characters are carried
ir the guise of real numbers (Hollecithk) as A(6) requiring long word

storage on an IBM machine.

As a convenience for conversion, a multiplier is carried through
the routines, MULT or NDP or LX(39), which must be 2 for an IBM machine
and 1 for others. This multiplier adjusts the length of words for short-
word storage and manipulations avoiding extensive reprogramming upon

conversion.

The following are basic changes required for a long—-word machine:
1. Remove all REAL*8 statements.

2. Supply single precision library functions, e.g., SQRT and EXP instead
of DSQRT and DEXP.

3. Change all references to "Double Precision,” as in function defini-

tion statements.
4. Change LX(39) to 1 from 2,

5. Change the apostrophes which delimit alphanumeric sirings in FORMAT
and DATA statements.
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6. Replace the subroutine TIMER to provide information from the local
system,
ICLOCK -- gives cpu time
ITTIME -—- gives clock time
MODEL -- gives computer model
iDAY -~ gives alphanumeric: Month-Dav-Year

7. Satisfy the data access requirements including the dynamic opening
of the files with parameters wnich are problem dependent.

8. Provide iocal capability to allocate memory dvnarically, or fix the
container array allocation and communication of it.

9. Provide the necessary overlay structure.

10. Correct any discrepancies missed by the 1BM compiler (and please

report this information back to us).

Local system routines would be needed to satisfy items 6, 7, and 8

above on an 1BM machine.

In converting this code, consideration should be given to data storage
and transfer requirements. If large problems are to be solved, even a large
extended core cannot contdin a sec of the flux values, so they should be
carried on disk. Some of the data is used frequently, so it needs to be
carried in even a small memory; suggestions for partitioning the data

are given in the source program on comment lines.

END OF SECTION

[T VO SRR
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Section 225: The Data Handling Strategy

Utilization of a specific computer facility can be improved by
carefully tailoring the procedure of calculation. Of critical importance
in solving large problems are the details of transferring dat. to and
from memory using auxiliary storage within any hierarchy. The available
fast memory and slow memory must be allocated carefully, and judicious
choices must be made between alternatives in blocking the data and trans-
ferring it between the individual storage devices. Modifications to the
procedures emploved in this code may be found desirable. However, the
capability of a particular facility in regard to rates of data transfer
and storage capacity must be well understood as well as the strategy
employed in this code if 2 modification is to produce improvement. A
description is given in this section of the strategy used in handling
data.

Consider an internal point for one energy group in a three-dimensional
muitigroup problem. It is located on a row of points, several of these
rows make up a plane of points, and the third dimension involves a series
of planes. The points are carefully arranged so that in the usual orthoqpnal
coordinate systems, each internal point has six nearest neighbors, two
on the row, two on a column in the plane, and two in the adjacent planes.
Space coupling yields equation constants relating the flux at the reference
point with values at nearest neighbor locations. Given the pointwise
fission and inscattering source values, and removal terms for absorption
and outscattering, this space problem is partially resolved by inner
iteration, recalculation of the individual flux values by applying the
equations repeatedly over the mesh in an ordered fashion.

During each outer iteration the fission source is recalculated, and
for the space problem at each energy group the scattering source is
recalculated. Thus, at any space point location, fission or scattering
at any energy may produce a source at any other energy. A full scattering
matrix is allowed which permits scattering from ary group to any other
group; however, often there is only downscatter. Thus, the calculation
proceeds from the highest energy downward. Source neutrons may be pro-

duced by fission at any energy, but these are summed to give a single



space array of the total fissioa source with distribution of this ‘.to
the individual groups.

In one of the modes of data handling, the flux values are stored
on a direct access device in successive blocks for each energv group,
with the values for each p:ane in an individual direct access record.
Thus, the data is carried in the order desired and in blocks as needed
for the inner iteration process at one energv. Then for the source
caiculation, they may be accessed one plane at a time over energy groups
by skipping down through the file. The individual records may be accessed
directly with a single repositioring of the disk head using the capability
of the operating system to account for where the records are located.

Upon reading or writing fiux values, they =re processed sequentially when
possible to minimize the amorat of disk head movement.

With one of the calculational procedures, one plane of flux data must
be transferred into memory and the next operation involves writing out
another plare of newly calculated flux data, not on adjacent planes. To
realize efficient data handling, the last iterate and the present iterate
flex values are carried in differenr files. This permits sequential read-
iag and writing. A third file is also carred because the outer iteration
acceleration schemes need three successive iterate sets of the fluxes, and
the calculation proceeds by alternating between the three direct access
flux files.

The equation constants for space coupling and total loss are stored
on disc as needed when initially calculated from nuclide concentrations
and microscopic cross sections. This is a direct access file which permits
efficient access of the data during iteration with the particular scheme

mode of data handling selected.

The macroscopic scattering cross sections are blocked for all com-
positions and energy groups by inscattering group. Thus, the inscattering
source calculation is done by sequential processing of thig data, one
read for each energy group each outer iteration.

The primary data handling modes in the code are described below in

the order of increasing amount of data transfer required.
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All Stored Mode

For small problems, all the equation constants, one set of flux values
and the necessary source values are rtored in the computer memory. The

calculation proceeds with very littlie data transfer.

Space Stured Mode

For problems of muderate size, the equation constants, the flux values
and the necessary source values are stored in the computer memory fur the
space problem at one energy. Inner iteration is done with minimum data
transfer, but reading the scattering data and flux values is required for

the source calculation.

Multi-row Stored Mode

For two-dimensional :alculations, in this mode the space problem at
one energy is further partitioned to reduce the memory requirement. Data
for several rows of flures are stored and inner iteration proceeds with
the minimum mmount of data transfer for a given problem using the avaialbe
memory. This mode of -data handling is a subset of that described in more

detail below.

Multi-plane Stored llode and Multi-Level! Data Transfer Mode

In these modes data for several planes of a three-dimensional problem
are stored in fast memory or slow memory. Consider the array of mesh points

normal to rows for an arbitrary aumber of columns and planes:

Column 1 2 3 4 5
Plane
1 . » . .

t9
.
.
.
.
]
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tecn dot represents a row of poiants for which new inner iteration iterate
estimates of the flux valves will be obtained simuitanevusly. The calcu-
lation proceeds in such a way that the latest values are alvays used in
the calculation. That is, using the first subscript to refer to column
and the second to plane, after fluxes for row ay j are obtained, fluxes
[Oor ruws a

1,2 »1
proceeds in order across the columns on each plane using the latest values

and a, , may be caiculated. Considering that the calculation

of the fluxes obtained [or the plane above and the column to the left, the

process may be described as follows:

Plane Iteration
1 1
2 1
i 2
3 1
2 2
1 3
4 1
3 2
2 3
1 4

The procedure is as follows after it develops to the stage where n

planes of data are stored:

Plane Iteration
m 1
m-1 2
m-2 3
m-3 4
m-n-1 n-2
m=n n-1
m-n+1 n

PP W SR
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Completion of the procedure is as follows, where M 1s the total nuBber

of planes:

Plane lteration
b § n-3
M-1 n~-2
-2 n-1
¥-3 n
| n-2
M-1 n-1
¥-2 n
M n-1
M-1 n

A | n

Storing the equation constants and source values for n planes and
the flux values for m#2 planes, n inner iterations are done each full sweep
with one access of equation constants, one access of old flux values, and
one transfer of new flux values for each plane of tha problem. If more
inner iterations are done than the available storage allows in one sweep,
the process is repeated. The amount of data transfer is minimized relative

to computation for that problem which is too large to be handled in the
more efficient modes above. Equation constants and also flux values are

each separately blocked intc one record for each plane.
In the "multi-level data transfer” mode, data is moved from slow memorw

into fast memory in small blocks as needed.

One Row Stored Mode

To handle the largest possible problem in the minimum amount of
memory, and yet solve for new values of the fluxes along a row, this mode
of data handling treats only one row at a time. It applies only to the
three-dimensional problem (the space stored mode satisfies one~dimensional
problem requirements and the multi-row stored mode satisfies two-dimensional
problem requirements). Data is stored to calculate one row of fluxes at

a time and the required flux values for five rows is stored. Calculations
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on local computers in this mode show it to be very inefficieat in total

time and have an extreme data input/output penalty.

Input/dutput Operations

The n'mber of data Input/Output operations is approximated for three-
dimensional problems by the folloming equation:
Let_l = the average number of inner iterations in each group,
L = the number of planes treated simultaneously <I,

\ = the number of outer iterations,

G = the number of groups,
B = the average actual scattering bandwidth in groups,
P = the number of planes,
R = the number of rows,
= the number of data Input/Output oper2tions, disc-memory;
. {§]+ B o all stored mode
nafoe ey | UTAAEL Suy e e L)

4 + PRSI + 5 + B} ' one row stored

Where A is the average physica, block size of the records, 1 for small
problems but increasing with problem size. There is a direct dependence

on the scattering band width no: shown and Chebyshev acceleration adds 4

inside the square brackets. Typically N = 3PR/I.

Our atiempts to seek near optimum selection of the mode of data
handling as dependent on problem size and local charging algorithms have
not been successful. Generally at ORNL, it pays to use a large amount of

memory to minimize data input/output provided job turnaround is satisfactory.

END OF SECTION
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Application I{nformation

In the following sections, soplization information is supplied which
is directed to tac ~ceds of the program user. He is referred to the intro-
ductory sectiom of this report for a hruvad coverage of the functioa of
this neutronics c~de block, and to the later sections for t™e calculation
algorithms. A user flov chart is presented in Figure 001-1 on page 001-2.
Specific program comsiderations are given in Section 401. The discassion
(disclaimer) on input data is in 403, error checking is covered in 405, and
restart and recovery in Section 410. Section 440 adaresses edited results

and 450 the selected sample problems.
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Section 401: Program Considerations

Application of this code will generally be more reliable the more
intimately familiar the user is with its contents. In this section,

certain specific aspects are addressed.

1) Major program op-ions are covered in Section 204. Generally, these
provide unique functions with miaimum interaction. Automated
selection betveen procedures is provided as default, but reasonable
care must be taken to obtain desired edits without excess and to

control generation of interface data files.
2) There are few constraints on the range of values of the variables:

a) Data used together can not vary by more than perhaps 106 and
carry significance (atom density times cross section for the

contributions to a macroscopic cross section from two nuclides),

b) Data outside of 10°*° can be expected to produce chaos (power

level for example), and

¢} Large step changes in the mesh spacing, say by a factor of 100,
may cause difficulty in converging the iterative procedure to

efiect an acceptable solution.

3) All major data arrays are variably dimensioned and storage allocation
done dynamically. Problems have been solved which contained over

1000 points on a line and over 100 energy groups have been treated.

4) The larger the problem measured in terms of spsce-2nergy points,
the more storage required or the more data which must be moved from
auxiliary storage during tine calculation. Several data handling
modes are provided by parallel coding which require increasingly
less core space and more data handling. Automatic selection of the
mode of da~1 handling is done to effect efficient computer use.
Actual storage requirements -re a complicated function of the vari-
ables (the nature of the problem and its size; and the mode of data

handling; these requirements are edited each execution to provide



5)

6)

7

8)

(13

401-2

information which may be collected as background by a user for

reference.

The constants to which values are assigned within the code are
generally limited to those covered by equations in the 700 series
of Sections. Of course constants like pi are assigned values to

machine significance.

It is assumed that dimensions are in centimeters, nuclide concentra-
tions are in atoms/barn-cm, and microscopic cross sections are in
barns/atom. Quite generally the product of nuclide concentration
and microscopic cross sect‘on must yield a macroscopic value having

units of cm~! for cuasist>ncy.
Man-machine interaction during execution is not allowed.

No special forms of output are available, fust printed pages, and a
large stack of paper will be produced for a large problem if many

of the edit options are exercised.

The programming has been done in a way to avoid underflows, overflows,
and divide by zero. We recommend that the operating systems be allowed
to detect such occurences and terminate a calculation. Should such an
event occur, the cause should be traced by study of the program and
rectified; it i2 probably due to inadequate data or possibly inconsistent

instructions.

END OF SECTION
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Section 403: Input Data

The VEXTURE code block does not read data from cards. All data for
a calculation mest be provided through the standard interface files and
the special iaterface file CONTRL described in Section 204.

To supply the required interfacing data, a separate data processor
aust be used. The agreement reached in the code coordination effort was
that all input data would be processed by a standardé free-form input data
processor. Althouéh the LASL standard input processora is in service at
ORNL, it is yet under development, so four special input porcessors have
been implemented and are in use locally and are included with this first |
issue of the VENTURE code package. Appendix C describes how these special }
input processors are used under the local driver. A separa:e document
acompanying this code describes the punched carh input required by these
processors. Alternatively, the standard input processor can be used to |
generate the required interface files from cards including the file named
CONTRL. The special input file required for general use of the associated

code block for processing microscopic cross section files cin not be

generated by known versions of the standard input data processor.

2. c. Vvigil, et.al., "Service Modules for Version 11 Standard Interface
Data Files,” USAEC report, Los Alamos Scientific Laboratory, LA-5367-MS

(1973) (Upgraded to Version III.) }

END OF SECTION
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Section 405: Error Checxing

An error discovered in the process of calculation is normally fatal
and its cause is identified by an error message. Also, certain warning
messages are printed, as to indicate iack of convergence if the maximum
number of iterations or the allowed time is 2xceeded.

The fatal errors are of three types: those encountered in processing
standard interface data files (error number 666), other interpreted
errors (error number 555), and system detected errors. Hopefully the
information printed will adquately describe the cause and corrective
action can be taken.

For arithmetic operations where necessary, checks are made for over-
flows, underflows, and divide by zero. In a normal run, these types of
errors should not occur; if one does occur, it is deemed fatal, and the

cause should be traced and corrective action taken.

END OF SECTION



Section 407-1 Implied Capability and Limited Implementation

The interface data files used by the VENTURE code are those drawn up
in an inter-installation effort. We have attempted to keep the coding
up to date with the specifications through the period when these were
being modified to satisfy requirements. We believe this implementation
is a reasonable one in that the records are properly read and writter,
at least compatible with the locally implemented input data processor.
Still certain of these specifications imply capability which is rather
general and only a sub-set of possible alternatives has been implemented.
This section addresses this subject to identify what is actually avail-
ble for application. The qualifications are given for each of the files

for which restrictions apply.

Files ISOTXS and GRUPXS

The fission-source data by nuclide may be in the form of vaf(g)-1 (g&').
The macroscopic data is recast into the separable form »Zf(g), x(g) without
carrying the full group to group dependence. Both the production term
(vig) and the distribution function (x) are made zone dependent.

Only simple blocking of the scattering data 1s assumed, not certain
possibilities which could lead to only partially filled data blocks.

In applying the P1 data it is assumed that the Legendre coefficient
2n + 1 is contained in the data and is not multiplied in anywhere along

the process of calculation.
File GEODST

At the time this is writter, 30° and 90° triangular and (2-R-a) geo-
metries have not implemented; we expect that a later release version
will treat these. The user is cautioned to refer to the figures in
Section 702 for actual orientations implemented; no other options are
available. Thus hiexagonal geometry is treated as shown in the figure
with the X and Y coordinates at 6G° and limitations of the implementation
usually require full core treatment when hexagonal assemblies are involved

because usual symmetry conditions can bet be readily represented accurately.
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The repeating (periodic) boundary with the opposite face is allowed only
for the first boundary condition (IMBL), no others. The rotational sym-
metry condition (repeating, periodic, with the next adjacent face or
along the face is allowed only for the right boundary of the first dimen-
sion (IMBR) causing the point of rotation to be remote from the origin.

No option which causes the geometry to be reduced to a triangle has been
implemented; a triangular flux array would impact many of the interfacing
data files, and a resolution of the difficulty has not been addressed.

To blank out a volume of a problem, a material can be assigned to it along
with the internal black absorber condition which applies the non-return

boundary condition at the internal surfaces of this material.
File Search

The direct criticality search procedure is implemented for NMAXNP = 0.
In this calculation, changes in macroscopic ecattering and transport
properties are igznored causing the result obtained to have some degree of
uncertainty, unless NRCH (1) is made >0 to cause these to be updated
periodically at a computation cost penalty. If NRCH (2) is >0, a secon-
dary search will be done when constraints are not satisfied unless overe
ridden by IX (11) in the DININS record in the CONTRL file; it is possible
for the data to present a never-ending calculatior, so care must be
exercised in specifying more than one set of search data, the instruc-

tions for use, and the constraints for acceptable solutions.

END OF SECTION
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<r Section 410: Restart and Recovery Procedures

A simple scheme is used to save the data required and to access it
for cestart of a neutronics calculation. On user request, a restart data
file (RSTRTR described in Section 204) is generated periodically and also
after a successful exit is made from the iteration procedure. Thus con-
tinuation is allowed only from some well-defined state of the calculation.
This successful exit can occur omly if 1) the convergence criteria
specified are satisfied, 2) the limiting number of outer iteratioms is
reached, or 3) the permitted machine central processor time or allowed
total (clock) time is exceeded. The data is saved periodically on a
cycle of processor time specified in the CONIRL file input data.

The restart procedure is designed to effect the continuation of the
iterative process terminated at some point in a previous computer runm.
The general procedure consists of recalculation of cross sections and
equation constants froa the data in the normal user input for the new
computer run. Then the data saved from the prior run is accessed and
the calculation continued. Certain initialization procedures are bypassed,
as of the flux and the overrelaxation coefficients. Some changes in the
input data are allowed, some will be ignored, and others will cause abort;
generally, no change is admisgible which would cause changes in the loca-
tions of data in memory.

The data saved for restart consists of one iterate set of flux values
and the principal data used in the iterative procedure. This data is
sufficient for continuing the iterative procedure, but not always sufficient
to duplicate the process; acceleration schemes requiring more than one
iterate flux set will establish only after the necessary information has

been accumulated.

For a usual restart, the following are necessary (see file CONTRL
in Section 204):

1. The special restart data file must be available from a previous
computer run (nurmally on tape for short-term storage).
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2. Restart must be specified in the user input control data.

3. The number of outer iterations will often have to be increased to

allow the desired convergence level to be satisfied.

4. Complete data file requirements must be satisfied normally requiring
a full user input data deck (the same as for the original rum),
except that when such interface data files as GRUPXS have been
generated and saved by other code blocks, they, of course, need not

be regeneratel.

Input data which can not be changed because the data storage loca-
tions would be altered include the following; note that the saved iterate

flux values will be used for the restart case:
1. Number of dimensions and energy groups.

2. Number of mesh points along each coordinate and the number of

material composition zones.

3. The mode of data handling during the i‘erative process, and normally

the number of inner iterations which alters the use of data storage.

4. Basic problem type should not be changed (as from P; to P,, eigen-

value problem to search or adjoint or fixed source).

Generally the previous procedure will be continued. Thus, the
overrelaxatioa coefrficients will be saved and used. However, such basic
control options as of use or net of Chebyshev acceleration on outer

iterations may be changed.

Although it might be better to start the problem over, the following

are ailowed changes for restart:
1. Nuclide assignments and concentrations.
2. Microscopic cross section.

3. The geometry (if both are orthogonal, not if one is hexagonal or

triagonal).
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4. Boundary conditions excluding any change in the assignment of internal
black absorber points.

5. The meshpoint spacing and the assignment of points to regions and
regions to zomes.

Thus if a modest change is desired in any of the above data, it may
be made.

Note also that any problem may be started from an existing data file
of the flux values, RTFLUX, provided that the data in this file maps
properly in space and energy. Remapping in space is allowed; it is assumed
that a regular expansion of the mesh poirts was dcne and a simple linear
interpolation of flux values is made. This allows a many-point problem to

be initialized from a coarse solution.

END OF SECTION
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Section 440: Edited Results

This is a general discussion about the information edited which
documents each calculation done by an access of the code block. This
discussion is ordered in the way results appear in the ouiput. Brief,
descriptive headings identify output results. Major edits are under

control of the user.

Problem Details

Certain details 5>f the problem description are contained in the
interface data files and are not edited by this code block. The docu-
menting edits would be done when these interface files are generated

with user input or if a listing is made of the file contents.

Some of this information includes:

i. The geometric description including the locations of mesh points and

material interfaces and zone volumes.
2. Boundary conditions.
3. Nuclide concentrations and associaticns with cross section data.
4. Microscozic cross sections.

5. Craiticality search specifications.

Pre)aratory Information

The following informarion may be produced before the actual neutronics

problem is addressed:
1. Assessment of storage requirements.
2. Selected mode of data handling.
3. Macroscopic cross sections on option.
4. Certain problem documenting information.

5. The type of neutronics problem and information about the method of
solution.
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Iterative Results

Each outer iteration, information is extracted about the iterative

process and may be edited:

The calculation mode.
Assessment of inner iteration convergence.
Assessment of outer iteration comvergence.

The wmaximum relative flux change from one outer iteration to the

next.

Estimates of th¢ eigenvalue of the outer iteration error vector

vhich dominates asymptotically.

Outer iteration acceleration factors.

Actual eigenvalue used in the calculation.

Estimate of the eigenvalue of the problem (the multiplication factor
or the search problem eigenvalue or the rebalancing factor for fixed

source problems), generally determined from an overall neutron balance.

In addition, information about the inner iteration behavior may be

obtained as a higher level of edit.

Summary

Upon termination of the neutronics calculation, a summary of the

results is edited:

6.

Number of outer iterations done.
The terminal calculation mode.
Terminal maximum relative flux change.

Estimate of the eigenvalue of the outer iteration error vector which
dominates asymptotically.

Information about acceleration parameters.

The eigenvalue of the problem, often the multiplication factor.



7.
8.
9.

10.

440-3

Reliability estimates of the multiplication factor.

Power level normalization.

Fraction neutron loss to tie search parameter for certain criticality
search problems.

Gross neutron balance (external leakage, losses, piroduction source).

Results from the Calculation

1.
2.

3.

5.
6.
7.
8.
9.
10.

1i.

Edits of the following are available to the analyst:
Neutron balance data by energy group and zone.a

Gross neutron balance data by energy group.

Point neutron flux values.

Peak power density.

Power density map over space.

Power density traverses through the peak.

Neutron density map over stace (given group velocity data).
Neutron density traverses through the peak.

Adjoint neutron flux valuecs when calculated.

Calculated axial) buckling values by traversed zone and group when

requested on one or two planes.

Certain perturbation information gi’er solutions for both a regular
problem and an adjoint problem (neutron lifetime given group velocity
data) at the macroscopic cross section level (microscopic data is not

reaccessed).

Other Results

Other results may be produced by othaer modules in the system, such as

integrated reaction rates and interpretation (as in a fuel conversion ratio

calculation) by the reaction rate module.

a . . ,
An estimate of the primitive conversion ratio is also available when the

-

fissile and fertile nv. *des are identified.

END OF SECTIO:H
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Section 450-1: Sample Problems

A separate report is to be issued covering a number of sample problems
since a few are inadequate to check conversion to another computer type

than used in the development.

Three sample problems are presented here. The first two were taken
from the set of problems for which reliable answers are known and were
reported in ORNL-TM-3793, "Job Stream of Cases for the Computer Code
CITATIOR." Thus, the descriptions for these problems in the form of input
data for this older code are avai'.ble as well as the results. A third
problem involves both a nuclide search and a dimension search for a fast
reactor.

Table 450-1 shows a list of the input for these problems as three

"stacked" cases. The input data are processed by the LASL standard input

processor.a Table 450-2 displays input data for two of the cases in the
form required by the special processors.

Table 450-3 displays selected printout from the computer run. Since
this code is under continuous development, the output shown may not agree
one-to-one with numbers produced by the code as issued. Howeveir, the

end results should be in very close agreement.

“Ibid., p. 403-1.
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VENTURE Sample Problem 1

"Periodic Boundary in Theta-R Geometry, Case A% with Black Absorber

24120X3 Group, 1440 Points Stream of CITATION Cases ORNL 72"

This is an eigenvalue problem in R geometry which is a 180° seg-
ment. Due to svmaetry conditions, the problem can be solved with reflec-
ting boundaries by reorientation (see Case Al in the reference report).
As oriented, the repeating, periodic boundarv condition is required to
account for net leakage across the surface, testing this belcw. Along
coordinates, the number of internal mesh intervals is shown for each

coarse interval and the spacing in centimeters.

o |4l 4| @
30 |80 |25,

3

W

p 2
o

a =0.170796 3

COARSE MESH SKETCH OF VENTURE SAMPLE PROBLEM 1.
“pr
<«



Nore that the macroscopic cross sections are provided in psendo

microscopic form te generate an ISUTXS cross-section file. The normal
neutron flax eigenvalue problem was svlved and then tne adjeint preblem

using k from the normal problem. The problem was scived with all
e

ff
data stored in the computer memorv which minimizes input/cutput of data

between memorv and disc.

VEXTURE Sample Problem 2,

"3-D (X,Y,Z) Buckling Search (0ld Whirlawav Case)

9%9x5x%x2 Grour, 810 Points Siream of CITATION Cases ORNL 727

This problem treats cne-quarter of a reactor and involves three
zornez of different compositions. Again macroscopic creoss sectioas are
presented as pseudo microscopic, but here in the group-crdered file
GRUPXS rejuiring no processing prior to use in the VENTURE code block.
The problem is artificial in that the solutien requested is the
eigenvalue of a buckling search, not usualiv directl: applica“le to
a three-dimeasional problem. However there is simplv a neutron loss
rate equal to DBi over the problem. The eignevalue problem was solved
in the multiplane stored mode of data handling and also the following
acjoint problem. arturbation calculations are also done and space

point importance maps are printed.



http://th.it

(OIG: o)

b

?t?ﬂﬁ

q i
i 8.
/

/

/

/

4

COARSL MESH SKETCH OF VENTURE SAMPLE PROBLEM 2.
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VEXTURE Sasple Problem 3.

"2-D 17 x 10 - 5 GROUP SEARCH PROBLEM
PRIMARY SEARCH = NUCLIDE (DIRZCT) - SECONDARY SEARCH = LIMENSIOX"

This problem treats two-dimensional (R,Z) geometry. The input instru-
ctions for the problem first instruct the code to do a direct nuclide
criticality search for a multiplication factor of 1.01 by addiag a mix-
ture of heavy metal (;5§E, :3}Pu, <~°Pu). The solution is found to be
1972 addition of material, exceeding the amount of material allowed to
attain the -esired multiplication factor. The input instructions furcher
specify that all of the available material (1002) should be added and
that a2 secondary search be done to attain the desired state. This second
search is a dimension search in which the widths and heights of specific
course mesh intervals, the shaded area shown in the sketch below, are to
be adjusted. The requirements for the desired state are determined and
the adjoint problem is solved and perturbation calculation done. In
addition, nuclide reaciion rates are produced and printed. The geometric

description of the provlem i- shown below.
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Suction U1l: The Dis-rete-Enersy Group Diffusion Esuation

Presented hoere 1c the basic cguation whisn
reactions of neutrons with materizl in a macroscopir senswe, axabtioering
and the ciffusion approximation to neutron transport. Luite renerally,
2n accountin of the meutrons in a system at one location ang a2t one

in the form

enersy may be done

Sources — Losses -+ Net Transport Loss , (7c1-1)

<

ey

. - L. . -
where v is the neutron velocity, and g{ is the time rate of change of

the neutron density. We are not concerned here with the dynamic probler,
btut rather with a steady-state conditi-n or static approximation to ihe
neutron uensity. For a steady-state condition, it is necessary that the
rate at whi:h neutrons are added is eyual t5 the rate
removed, locally, and therefore over the wholo system
location there may be generati-n of neutrons throwh the
and other sources not related to neutron reactions, in-scatterin~ te any
eneryy from other emersies, removzl by absorption or outszatterin-, znd
transport in and transport out.

The ncutron density in zn operating reactor is 2t steady state on oo

fraction of the neutronics problems solved, it is the intent to approxi-

mate this condition. Anv problem descriting a reometry, nuclide concen=-

irations and cross sections, may represent a situation far fran 2 steady
state. The neutron population would actually rise or fzll, and a2
state solution only approximates the neutron distribution.

To «“fect this stcady-state condition, the multiplication factor is

are

introduced. The rate at which source neutrons cenerated from fission

i; divided by
thi.; adjusted

the multiplication ractor causing the lo & rate to egual

source rate, a pscudo steady-state condition. The muliinli-

cation factor i defined as

neutron reneration rate
k, =
© .neutron loss rate

(rc1-2)




CLl-2

A critical condition is one at steady state for which k., is unity. The
pseudo steady-state eguation with the ciffusion approximation to trans-

v2:rt for the neutron flux a2t reametric location r amd erersy = usings usual

macroscopic nuclear propertiss is oxpressed as

- . - + o+ + - F NI
VD .5 v r, B (za,r,:. zs,r,E‘. D:‘,:. B‘E) hd 5
N - {5 “ jwr oy a2y
= . o oo rdE" . -
. ENOLE TR S - fyr 2" ~r,E' (51-3)
¢

The continuous ener:y spextrum is divided into discrete enersy .srouns,

and usually a simplifization is mode in the trancport item,

- .1 ’ . 1t
-2 (‘-s,r,n-‘: ) ’_,-.___'x:',.' \Vz)i‘,r n) ron ot (vc1-k)

~here

V7 - she Lapla~ian reonmetric operator, g-—x- 3%— 3 = in

slab reometry, o™t

2
2y, 7 - the neutron flw: 2t location r and in vrwerry sroup -,

]
n _,_.c-r-q

2

Ea - - = the macroscopiz oross seztiosn for absorption, nomally
r

iwirhted ov

et .

v

)
1
g
1
o
O
[
[y
=

©

ve flux emrey Spectrum,

}

z:,r,:'-‘n = the macroscopic ~ros3 soticn Tor sr-atterine of neutrons
from enerry sToup ~ to enursy crour n? (a set of these
makus up 2 scatterins kernel), m7,

Dr,;z = the diffusion zoefficient, nomally onc=third of the

reciprocal of the transport cross :,urtti'-n,br:m,

B, - the bucklin~ term to aceount for the uffect of the Lenla-

cian operator (lcakare) in onc or more orthoronal coordi-

nates treated oxplicitly, em™,

3The in-group term g»g is excluded from the calculation.

Coordinate-direction dependence is permitted without effect on the
value of D used for the buckling loss.
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t

vep p g = the macroscopic production cross secticn (v is the number
2= 2%
of neutrons produced by a fissjon and I, is the cross seu-

tion for fission), cm7l,

i

X: . = the distribution function faor source neutrons ! normally

Zxr,g = 1.0, but provision is made for it not),
34

the effective multiplication factor, the rrtio of the rate

oo
i

of production of neutrons to the ratz of loss of neutrons
from all causes, an unknown to be deterrined.
Etr. 701-4 is called the usual neutron flux eigemvalue problen in this re-
port. There is no provision in the above expression Tor fixed, external
sources. The level of the neutron flux is not defined bty the ezuaticn
above. It can be whatever the investigetor wants; howsver, there is no
account made of temperature effects associated with charges in the pover
density on the nuclear properties, su the ezuation is appropriate to the
extent tiiat the macroscopisc properties are representative.
The multiplication factor is an extrermely useful measure of the degree
a calculated system deviates from critical. The more positive the value
o (ke — 1), the faster the flux level would increase; the more negative,
the faster it would decrease. The effectiveness of comtrol rods is
airectly measured by the decrease in k. assccimied with rod insertion.
The difficulty associated with determining critical conditions and
associated hich cost of computation to support amalyzis ef7ort have
directly ~aused extensive application of this usuel flux eigenvalue
formulation in anelysis of resctars. It is importam to recognize, how-
ever, that tne conditions estimated for a system which i: not critimal

only approximate the real situation of reactor operation.
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A Siwple P; Treatment

A first order correction to diffusion theory is possitle by application
of the consistent P, eguations. These arv cxamined here for the usual

eizenvalue problex in the fom

-~ l i v * L
VT ¢ Lpd = PXWEpME" + (Ig0dE" ;
(761-5)

Ve s 3rd = Lgdast,

where the eguetions are for 2 poipt in space amd cnersy, the interrals run
over the energy range of interest, J is the current, ¢ is the scalar flux,

i4” is the in-scattering cross secticn. and Ig! is its first moment.

Tae 4iffusion theory apprioximation of the neutron current gives

==D% ; (rc1-6)

PTEY

—VIV: + L4 = X VEpodE' + "1 0E" , (7c1-7)

In one-dim>nsion, J has only one direction component but the integral over
[

v

direction is required in general. For the one-dimensional case,
l ~
D - — 1 R (7c1-38)
sfee =3

~

. :,lJaE'}

or a cormon approximation

~ 1

D
fa (1= ko))

In a simple Pl. form, the equations may be cast as

- 3—;;V?C * Ipd = %x:vzfﬁf.' - J’;sowgv _ 33:._t ;Zslv.JdE- , (701-9)

and the $©'J term is given by
Ly o ' . 1
Ve = X VEp@dE' + JIOE’ — I . (701-10)

In multi-grop form the P; equations chosen for implementation, with

in-group corrections, are
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ANl

e - D(xr,r) v?:(n:r) + Zr\-n:r) ¢(n,r) = S(n,r)

- D(n,r}) L' (m-n) V-J{m)
nfn

where

w,

=

5(n,r) = £ X(n,Evip(m,elr,r) « L zllan,r)2lm,r)
=

nFn

v-J(n,r) = 3(a,r) = g{n,r)ln,r) ,

D(n,r) =

Zeln,r @ Zyiz,r} = %0 »a, 1),

where the argucent r refers to space and n and & to erergy.

We note that if the finite-diff-rence equations are summed, the
Pl scattering term does not cancel out, so an overall neutron balance
does not result. This may restrict practical application. The apparent
advantage of the scheme is that the diffusion coefficient to be used is
obtained directly at each energy without requiring some weighting on
what happe at other energies.

If one examines the spherical harmonics equations for P, truncation,

1
there is one more first-order equation than coordinates treated; for

example, four equations treat three space coordinaies. As implemented,
a simple equation for the net current is used along with a sccond order i
equatfon for the flux. There is a piece of information lost, even if only
one coordinate is treated. That is, th: in-group ccrrectivn i{s the same

regardless of the directfon of the .et carrert at another energy. In

e s L . I u_J
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fact, anisotropic scattering at one energy has a direct effect on the
angular flux at the energy scattered into. This effect can only be
accounted for by applying a better formulation. The utility of the

programmed equations remains to be demonstrated.

A remark is in order about the rcpresentation of boundary conditions.
The simple Pl approximation (s programmed to use only the uiual diffusion
theory boundary conditions. Kerlected, periodic and rotational symmetry
conditions require no special attention: the approximations are consistent
vith the formulation for internal points. The extrapolated or noa-return
boundary condition may require special attention. The leakage of neutrons
in this apprcximation is not simply related to the scalar flux derivative.
As is usual in the application of diffusion theory, the representation of
condition:z near a control rod should be tested against a higher-order
transport approximation; a best value for the extrapolation distance

must be established by test, and this test should be with the P, formulation

implemented, not regular diffusion theory. s is usual with th: application
of diffusion theory, external boundarics should be located sufficiently
remote from the core proper that the actual leakage which will be calcu-
lated will not have much effect on the flux distribution in the core. The
estimate of surface leskage is probably not especially improved by the
prograzmed equations; rather, careful attention to what will result from

the formulation is may be necessary.

We look forward to iearning about the results of experience with
application given sufficient detailed information to permit thorough
a2ssessment. Meanwhile, a superior treatment is sought to bridge the
8ap between diffusion theory and a more explicit representation of

transport theory which can be applied at a reasonable cost of computation.

END OF SECTION
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Sestion C2: Finite Diifercnce Representation
of tne Lavla::an Operator

The Laplacian operator is to v representzd in 3 fipite—ciflercnce
form. First, the finite—difference mesh vill be examined. The equations
®i1]l bo developec for the three-iizensioral slab; for fewer dimensions,
tne extent in the untreated orthormnal directions is copsidered to be
infinite and comtributions {rar thesz si=ply 4rop out of the zgmti:ns.

Congsider & traverse in space direstion r. A rerion is travirsed
between r; and r- boundaries or material interfases. Input dats speczi-
fiez the mmber Of mesh points to be located between =, and r. and th=
zpacins A = r. = N across the region.

Firure C2-1 presemts a three-dimensiomal sketcsh showing the flux
locatior. st mesh point (i,i,m) and the surroundirw six flux locations,
ncarcst neishbors. The finite-differcnce volume atout =esh point (i,:,n)
is (x; = x5.7) (y;, = ¥j-1) (z2g = 2p.)) “here these are locations of the
surfaces of the finite-difference elememt.

Heutron leakase from (i,i,m) to (i,j,m-1), L{z,.;), through the front
face of zrea (x5 = %;.5) (yj -y_j_l) is approximated as follows. Let &,
eaual the unknown flux at the interface. Leakare out is given by aporoxi-
mating the flux slope at the surface by the averaze within the element
(between the central point and the surface),

L(z_4) = D; . la. - A 1[(’5 —yy-) (g = "1-1)]
R R TR TR PR P ’l (zq - Zzu-l) J

2

J.
where i,5,m

leakage from the adjacent finite element,

is the diffusion constant at (i,j,m). Similarly for inward

(v = ¥5.q) (x5 = x_4)
= Lza1) =P 51 (04,5,me1 — A ] —l (J:l - )i L.

“m-l T *m-2
2
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Eliminatin- &; T = the csuations rives

r; = 73-1) (21— %)

L _y] = 2 e Tt mel. - T2-1
S Eeersraa-s—us | IRSFUCRuC R ES R )
Di E—- ) D{ S oma)

For 2 AR el

Sinve the term whicth =uitiplicez the flux 2iffuizente is simply some

ronstant, Z:i. 1l-l reducus {5 the form
- L - -
L=y} = “i,im,m -t ,m T Si,imels c (7c2-2)

I{ may Be noted that within a rerilon havimr uniform nu-~lzar properties 1

2 unifor= mosh spaciny,

- (3: - y_j—l)(:':i - Ii'l) Di’j »=

1ylym,mel ” (:v:_ - 35-1)

» inturmel, slab georetry.

Provision is incorporated for the diffusion constant D to depend on
coordinate direction; value of D simply depends oa the particular

coordinate treated and the assigned transport cross section.

The lcakars fram the <hole clememt is given by

L(z) * Llzza1) = Llxg) » Llxgg) - BC5) * Dy ) =

.. . ~o s . - Cs s . ~. . + O R
viyim Viyi,m,mel oVl i,n,mel 1,5ym,241 * ~i,5,m,i-1 Cl)J:m:J“l
= . . . -—r, -, . -— e e A, .
Ly imeiel e T VL5, mymel ci,  ,me] Ci,j,m,m-1 i, i,m-1
- ,‘O - - -, ] -— 2 “. - ;
“i,i,m,i*1 -is1,%,= Cl,,j,!:,i-l viel,i,m ‘;
- i

1]

i,i,m,j1 ':i:-“l:ﬂ - Vi,J,m,j-l :i:-i'lx-f : (7c2-3)
For z mero rradient boundary cond:ition, the associated C; j p m-3 constant

H .. |
ig set to icro.
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For an extrapoiated bourndary condition, exte:rml or interma: black
toundary, the flux slope within tae finite-difference clemeni Is oxtendeu.

The bowxary condition to be satisficd at the clemcnt surface is

-ZE|--

where . is a specified coastant.&
Let @ te the intermal flux, ¢ be the boundary {lux, and A be ihe

('J

(c2~s)

distance to the boundary fram the intermali point.

A lirear approximation of the flux within the elemormt rives

or

Y
—~~
@

.-‘

|

»
g

t

2
1

Di? Di
s xls e i *3 “s

2epresentins the normas area by A, th- bourdzry learare frorm onc

fare of an =zlememt volume is ~iven bty
Loa="Di 4 §= TN (c2-7)
)’n “"—
by

Whish ~ives the resuired cornstant for Z:. 72-3. Of ourse, the external
learare i3 ~onsidered lost fram the system, but leprz2re into an internal

tla~x abSoroer is aszz2ounmtes o5 =3 o2n absorption in the rerion.

2A default value of 0.4692 is used for Cs. Suitable group-dependent
values which will reproduce the leakage condition sust come from
appropriate neutron transport calculations for a specific sitl‘ation.
An approximation which zay be useful is C_ ¥ 0.4692/(1 - S+ —tiy.

There is also a correction for a curved surface; sultiply C bv some-
thing like (R+.5)/(R+l.) for a black sphere tc reduce it as *R decreases.

e A R
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Ar altermeiive foowmulatisn for tha -:xtravolated koundary ~ondition

is passitle. Consider Zi. Ll-4. Dire~t interration yields

ST =

Pee T, (7c2-6)

e AV PORITRT T YT
¢l

ané the learz:i¢ constant is ~ivuen by

< —<_5/D, .
= - s = = f"-
Liin = DA % lb "ncs;ie = (7ce-7)
This assumes an cexporeriial shape cf the Tlux botwecn the internel point
and the surface, rather than linear. At the time this is written, it is
intenied to ofYer the ~hoice between the two as a uwser optior, or aZopt

the betiter of the two if

e

1 ~ar be identificg.

Th:: repeatins boundary comdition causes flux values at opposiie ends
of 2 rox ¢ te ourleid so tnzt the row is a zlusog loor. For ¢° rota-
Zion2l syrmmetry, couplins is from the right-hand edre column to the bottom
care row. Similariy, 12(° rotational syrmetry is treated for the trisancu-
lzr m-sh problex. Inm ali ruch problems, the approvriate physical boundaries
abul and the ad’acent point flux values couple as ecross 2ny imermal in-

-,
~*

rTare . For X7 rotatismal symmetry, the right-hand edre column couples
f with itself inv:rted.

For curvilinear ~cumetrics, the surface areas of the finite-difference
clement £o~es must be used whish lead to somewhat mere involved equgtions
than azbove. The finite-diffcrenze clemcat is illustrated in Fir. (2-2.

For the special treatment of nexaronel and tria-onal finite-difforens
vlements, leakares n2nrozs the individual volume element faces are formu-
lated In the sance nanner as <or slab recometry. The threc-dizens onzl
orobicn in bexaromdl ~comeiry involve:r eirht nearest neightors, siz ou
the plane of the hexarons. In trianmular geanetry there are five ncarest
mirhbors, tiree on the planc of the (rianrle. The hexagomal forrulation
is 2 hirh~order @pnroximxtion to the situation (which may allow a rela-

Lively coarsc meshj. The trianrular formulation is of low=-order and somc-

u.‘,v._“.-_.AvV,..—w.v-".-,--~..,vv.--—“-.-‘vA-

F what less rrliadle, vsperially sinre the next ring of points beyond the
E , -/ nrarest ncirhtors are relatively close but not considered.

E

5

M
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The mesh-point layout for the various geamsetries treated is indicatea
in the canpact display in Tabkle 702-1.

The special boundary conditions -onsiaered are shown in Fig. C2-3.
Thess are for two-dimensional problems or on planes of three-dimensional

oroblems. Rote that the coordinate axes in trisngular ceometry arc st

2ither 12C° or 60°. Fig. 702-4 shows the orientations for triangular
geometry in detail, and Fig. 702-5 the layocut for hexagonal geometry.

ORNL - OWG 74-6645

ry (8- 6,)( 2, - 2,)

(rz -1\ - 2) 3102-00(r2 - r2)

3

/
|

fz(Oz - 0,)(22 - Z|)

NOTE : 8 1S IN RADIANS ; WHEN THE CIRCLE
IS CLOSED, @ SPANS 2» RADIANS

Figure 702-2. Cylindrical Finite-Difference Element
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e g

e L st



Table f02-1. Layout or Meshpoints.®

LR R . N
. N PR e e gmecet
,

(&)

3;3 System Slab Cylindey Cylinder Sphere Mexugonalb Triagonnlc
- Refesence X Y, L . R o R % Y . X Y
- " Geamctry XY= ®-Re, R- R K- |
§
Specified region &, Oy &y o, &, A,
‘ dimens ions ) ) o
¥ %y % &, by m oy by by
1£ 4 O A, &,
| E S::::t:jn::.terml ToolysMz  JpolziMg I I, Js TorLysH, Iy, Ty M,
i Bt
- Q ] n L 2 l‘_"’l )
j § Volume of region O, > (ri=r]) i, (r§-r]) 3 (1)) AﬁAj‘g -z“g
i"

&volume tbout cach mech point = volume of repglon 4+ number of Internal polnts;
mesk point locatlions are at finite-dlfference centvoids.

_bOn a plane the Y coordinate is rotated 60° from the X coordinate.

On aplane, {he Y coordinate is rotuwg 120° srun the X coordinate
in one option, 60 in another option, or 30, or 90 s special casen
(ahown in Figure i02-4).

l-22
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Special boundary conditions are keyed te the right-
hand or third side indexed clockwise beginning with
the left side. The coordinate axis intersect at the
upper left hand corner in all cases.

REPEATING OR PERIODIC BOUNLARY

x ™ l

[4e]

\ dummy bcunzary

CYLINDER

0® AND 13C° ROTATIONAL SYMMETRY

xflo
|

) L__
ix~ — 1
' |

0
X!

-

i20% AND ©0° ROTATIORAL JYMMETRY

y ) /x
/4
7/
X 4
o ~
\
Tria r, 120° “oordirate.

Triangular, 60° Coordinates

Fig. 702-3. Special Boundary Conditions.



(3,1 (v- 3.0 tJ-2,9
S {A‘E\VAVAvAu

A

34° TRIANGULAR GEOMETRY®
{FEPFATING BOUNDARY COND:TION ON
OPPOSITE FACES NOY ALLOWED)

90° TRIANGULAR GEOMETRY?®

“Not implemented in first release version.
Fig. 702-4. Orientation for Triangular Geometry

&
i

ORNL-DWG 74-6634

(AATIN

(2,1}
2)
(2,21

Qg0

T VAVAVAVAVAVAVAVATL B
e W YAV o

60° TRIANGULAR GEOMETRY
{THE ACTUAL POSITION OF THE
HEXAGONAL ASSEMBLIES MAY BE CHANGED -
SHOWN 1S ONE POLSIRILITY)

6-20L

NANIW,Y,
AAVAVAVAVA - A

120" TRIANGLLAT! GEOMETRY

R = ROTATIONAL SYMMETRY ABOUT THIS POINT ALLOWED
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ORNL-DWG 69-5587A

LEAKAGE
SURFACE

Figure 702-5. The Layout of Hexagonal Geome'ry.
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Accuracy

It is well-known that the finite-difference approximation to the
Laplacian operator is accurate to the order of the mesh spacing squared.
We recognize that the accuracy of the mesh point centered approximation
is slightly lower than that obtained with mesh points located on material
interfaces. Of course they are identical within a homogeneous medium
with uniform spacing. With mesh centered points, reaction rates are
properly located (rather than smearing abutting materials within the
finite-difference volume element), a gain with this approximation; this
makes such approximations as that of simple P, more realistic.

Still the analyst wants to know how accurate are integral gquantities
(k) as well as estimates of local properties (power density). We believe
that experience is the best guide here. 1t is possible to increase the
number of mesh points and solve the new fine-mesh problem, which normally
improves the estimate of both integral and local quantities, but not
necessarily. Care must be taken in allocation of mesh points and in
selecting an energy group structure to get the best resul.s. Generally
it is desirable to increase the number of points in each direction (mot
just in one), and within each zone of uniform composition. About the
same mean free neutron path length between adjacent points is desirable
in all directions; therefore increasing of the number of mesh points

should be done with this objective — decreasing large steps in the spacing.

Regarding local properties, it is a fallacy to believe that use of
a very small finite-difference volume at one location will cause the
estimate of local properties to have a high accuracy. We recommend
against use of large changes in mesh spacing. Further, the interpretation
of local quantities should be of mesh-average properties rather than

local at the actual mesh point site.
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Finite-Difference Approximation error

The solution obtained by application of a finite-difierence formula-
tion is not precise; an error is associated with the app-oximation. This
error may be larger than a casual user may anticipate. It is more serious
regarding certain specific results than others, and has a dependence on
the actual problem not readily predicted.

Some information is available from simple problems for which explicit
solutions are available. Consider the one-group bare homogeneous cube
in three dimensions, half-length L. The precise and finite-difference
solutions for the flux are separable in space, the precise solution being
$(x,¥,z) = cos (x/2L) cos (xwy/2L) cos (vz/2L) wizh reflecticn at the
start of each coordinate and zero flux at the extreme. Normalizing the

flux such that its volume integral {s unity,

- \3

- > it Smzy
A(x,y,2) =\ 3L ¢°S % cos\-;-% ' cos \%%* .

The leakage rate at one surface is, typically,

’ 2
_pffi?\_x:l:_l dde'D\‘%i) .
T x=L
and
k . \Jl.f
e ) 2 ’
I+ 3D{ =
‘ a \2!,

containing the familiar buckling term, Be = 3 (n/2L)2.
The result for a finite-differenc2 formulation depends on the lo-
cation of the mesh points. Generally,
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i02-13
and
-J5E
B2 = s
n

Irf ¢ dx dy dz

where the numerator is a surface integral of the normal derivative. For

the situation here, assume the same representation along each coordinate,

33
Ix
B2 = -x=L
n

Consider mesh centered points. Given N internal points along each

coordinate space L/X, the end points located L/2X from boundaries, the

solution is

$n,joi) = Acos i (2n -1 cos | (25 -1 cos Lo (2 - D .

The surface leakage at x = L is estimsted by assuming zero flux at x = L,

_¥ .M (2
— a4 ) oex5.0
S $
o B v ok . .y
= AT tcos! -—(zu-l)] cosf 25 (23 - 1) cos! 7 (20 - D))
ap: WY 2 L r x M
A L 1 COS .2 cos.“" + sin 2 sin ST

FX_ (25 - 1)] cos' = (21 - 1)
X cos’ o (23 1) cos ' 7% (24 1);

. I N S R U . 2 - 1) cos’ -
AL el gu/oos p (U -1 cos’ g2 -D. .

i
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The integrated flux is obtained as the sum

Io dx = Az 3(n,j,1) ':-:‘3
n

s LY . . ' .

. | D
= Ay ‘o8 oy (U - 1| cos o4 (2 - l)j n§1 cos. i (0 - D
4 I |
, 2 sin’ )
L L ba oo l ‘ T cos + 'sin| &)
A\\N cos | & (2j - 1)} cos N (2i - 1) -
sin “")
(25 -1 cos = (21 - 1)}
gA{.!__)c:os ' N (23 I)J cos - = (21 1)}
\ 2x \’

sin:
\

(zu)l sin bu)l

/LY
\2n.

§|‘"‘

2 . 3B 'L\
B 3' L:S N’

Note that for large N, sin (r/4N) -+ n/4N, B2 + 3 (5/2L)2, the precise
result.

The more general solution for a different number of mesh points
along each coordinate follows directly,

2N m 12 [ 2J v 2
LR {_L'i“KZ'ﬁ)( +l AL sinl 75) 1 +{

.-l.'-f

sn( 53} -

Comparing the finite-difference solution to the precise one, the ex-
pressions for the flux are identical except for normalization. This
aspect limits the generality of this assessment.

i vt e b
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The error associated with any point flux value is given by comparing
normalized results. Normalizing to the same loss rate, absorption plus
leakage, yields

I!I “5‘ + W:I ¢(x,y,2) dx dy dz »

2 i _L3° -
a rRRIE TS $(n,j,i) ,

and the right hand side is easily obtained by the product of averages
c.ong each coordinate. This leads to the relative errvor

¢(n,j,1) - ¢ (x,y,2) -
¢ (x,y,2) b

4y {x) LN B
¥/ NJI sin &N sin <37 sin 3T/

1+ 2 p2
I.a e
X 1.,,9_. -1
L JJ,1
a
1+, ,D/x 2]!’:3_2 7 2,7 2
—6ll+£a\2L) L‘\au,) + a3/ "\&a J

D '»_ 1t x ,3_)2 Lzll
1+5 \zn.)zl"sl 8] Y &7 "'\41)1

Thus the error in a poin: flux value depends on the problem, and it depends
on the mesh, each coordinate making an independent contribution. Except

for a small number of points, the error decreases as the sum of the re-
ciprocals of the squares of the numbers of mesh points along each coordinate.
Doubling the number of points along each of the coordinates would be ex-
pected to reduce the error by a factor of 4.

Consider the error in an integral quantity, namely the multiplication
factor. Since
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v".:f
kﬁ...l.l = - P *
“a * ui..l,l

the error is givem by

D ‘.-
— Bl - .2 \
- by \ ;
"S,J,I ke’“a . e NJ,I
D g2
ke 1+ =811
a
) b \,2 r x )l"
AT *a toua/l
= L
D « 2 1l x ¥ % 32 - g 2
- —— - —_—p — =} 1
1+7o 13 3'\5!(.) gl tan }-

a similar variation to that obtained above.

The Leakage Operator Error

Consider the finite-difference approximation to the leakage operator.
If the flux and derivatives were Znown at a point, the flux at a neigh-
boring point is given by a Tayvlor expansion as

se) = o(0) +a 2 82270 L al3% a3,
xg 23x%y 6ax3 gy 26 X

. 2 32 333 b b
5(.5)-’(0)-11_3.,. +A__3_1 -5‘_3_! +.°_i.£ - e
X g L ax2 0 6 a3 0 26 ax" 0
where & is the mesh spacing. Susming these gives the central difference

approximation for the Laplace operator,

e . 8 b e . e e R s L
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+

225 L 800 # 2(-2) - 20(0) 22 3%
ax?

:*2 12 31;. .

Thus the error from dropping the higher terms is to the order of the
srsh spacing squared, so the error is expected to vary inversely as the

squsre of the number of mesh points.

ml ication

Consider that a calculation produced a result V; with a mesh of
K), J;, and I; points. A second result V; is obtained with X;, J;, and
I. points. We expect that

01V2 - -’12"1

V =
» ay ~a;  °

where
N B NS S W
Polx g2 12
n n n

applicable to one, two or three dimensions (drop terms not applicable).

These results show that the errors in the point flux values and in
the multiplication factor are inversely proportional to the square of

the number of mesh points along each coordinate. Given two solutions,

P .. PP
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v(®) - v(~ '!\' .
V(M - V(=) -x *
vin - 3V veo
V(=) = ~ .
"H“
1 -—:\‘i‘

vhere V(N) is che result with X mesh points, V(=) is the extrapolation
to approximate the result for a continuum. Note that X and M are the
number of points along one coordinate, mot the total points. The
equations apply to one, two, or three dimensional probless.

Changes made locally or to less than all coordinates treated should
not be expectsd to produce reliable extrapolation and error assessment,

not is error assessment of a coarse mesh result reliable. The reliability

of such extrapolation in application to the general multi-group, compli-
catel geometry problem is unkmown. Extrapolation of integral quantities
should be more reliable than of point properties; the points may be at
different locations and an extreme (such as the maximum power density)
may move from one location to another. For reliable assessment, it is
recommended that 2 uniform increase in mesh points be made along all

coordinate directions in each zone.

An illustration of application is given here. Explicit solutions sre
known for bare homogeneous problems. The results frow extrapolation of
answers for successive meshes are shown below for & particulsr seven-group
three-dimensional case:

M N e
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Space Mesh (M) k(0 > k (»)
6x2x4é 0.740033 - -
12x464x 8 0.728097 & 0.7260416
26 x 8 x 16 0.72503%60 & 0.7240348
48 x 16 x 12 0.7242847 & 0.7240343
9% x 32 x 64 0.72409%69 & 0.7240343
144 x 48 x % 0.7240621 2.25 0.7240343
o (comt inuwsm) 0.7240343

Ot course the problems soved in amalysis usually have geometric and

composition complexities, an irtegral quantity such ax the mulctiplicacion
factor may be monotonic with iacreasing mesh omly above some mesh size,

and extrapolation of coarse results is wmreliasble due to higher order

error contamination.

END OF SECTION
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vhere ll|l is the concentration of nvclide n in zone z, 1, is the volume

fraction, llu sz is a subzone concentration and Vsz and Vz are the subzone

]
and zone volumes renpectively;

(rohk-1)

For the diffusion-approximation calculations, each zs,g—-g is set to zero
to avoid slowing the rate of comvergence of the iterative process.
The eguations used to determine reaction rates are as follows. The

reactor thermal power level, P, is determined by

P = ?;szzn Iqn,z xnzzg,: % . n,g * Ty Zzg,z ’c,n_.,;" . (T0h-2)
-z € 119

)

where X is the nuclide thermal energy watt-sec per fission, Y, is per
capture, C; is the specified fraction usef.l power, C. is the specified
fraction of the= core treated and the flux level is adjusted such that

the calculated P 1s that velue specified in watts. The values of

Tyl
are simply volure weighted over zones at each energy,
A
i gz "1 '
, = TCh -
:g;’z - Z y ((64 j)
v
i€z

where i refers to a mesh point (and its associated elemental volume).

Civen the microscopic type of enerry data, nmot rroup dependent,
= TGl =i
wf’fiz §Nn’z (Xn afinyf’, * Iy ac,n,;f) ? (7ch=i)
then

p. &Yy, Zwmz Tz v (10h=1)
t t r,) *
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- That 15, the normalizatisn of tne results of & czlculation is to & cesirec

tnermal power level besed on the sur of >antributions saszociatea with Fisz-

sion zma capture.

Edited result:s are based on the flux level rejuirea to sstisfy tne
desired power level., Point flux and zone averase flux velues are dis-

>ussea akove.

The local powsr density is siven by
P - - et \
I‘!i —ng’: "i,g ’ ,u-"e}
g

where i is conteined in z. For traverses, the maximum value of H; is
foud and velues alorne eacn of the cooruinate directions edited.

The local ncutron density is given by

1 s faB
Ni :Z—V ;i,;” y ( [Cie7
g Ey e

where Vg, z ‘s the group neutron velocity associated with point {.

When an edit of the "Reference Fissile Conversion Ratio” is found,
it is the ratio of the rate of capture (n,a) in the defined fertile
nuclides divided by the rate of absorption in the defined fissile

nuclides.

END OF SECTION
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Section 705: Types of Problems Solved

The procedures implemented in the VENTURE code block are oriented
at resolution of any of a wide variety of basic problem types. These
are described in this section with the equations cast in matrix form.

We start with the usual neutron flux eigenvalue prchlem (see Eq. 701-2).

The Usual Eigenvalue Problem

The usual neutron flux eigenvalue problem may be cast in the form

1 - -
£ = :—Xr v s (,\,;'1)
Ke

Where A is the transport, scattering coupling, and loss operator; F is
the fission source, a row operator; Yy is the source distribution function,
a column operatora; ¢ is the neutron flux vector; and keis the multipli-
cation factor to be determined which effects a pseudo steady-state condi-
tion.

Eq. 705-1 has the solution

where A"l is the inverse of A, A"!A = 1. For many problems of interest
it is not practical to invert A. Given n space-energy points, A is an
nxn square matrix containing n‘ entries. So ar interative procedure is
used which takes advantage of the sparceness of both A and F.

Eq. 705~-2 may also be expressed as

(ATIXF =k, 1) ¢, (705=3)

axF could be a matrix, not separable.
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indicating that k, is an eigenvalue of A"!yF. ue hope that any flux
eigenvalue problem to be treated hax a unique, most positive eigenvalue
in the set of all of them, k, =k >k > ... . The requirements under
which this is the situation have been studied.s’c Physically, it is
required that each point in the space-energy system be coupled to every

other point through the coupling coefficients (in both A and xF). Further,

the solution vector ¢ is unique and each component > 0, but only if yF
is all positive and the diagonal terms of A dominate along colummns; it
is sufficient that all macroscopic cross sections be positive given the

necessary coupling, but not absolutely necessary.

The Fixed Source Problem

The fixed source probiem is expressed as
A¢=xyFo+5S, (705-4)

not an eigenvalue problem. Occasionally F = 0, as for deep penetration
shielding problems, especially applicable to extending a solution for a
fueled region to a remote location by an auxiliary calculation. 1In
reactor core analysis, fixed source problems have been used mostly to
play computation games. However, there are special situations which re-
quire this formulaction, as for analysis of the start-up condition with

a source inserted in the reactor.

For usual situations there is a neutron density distribution asso-
ciated with a fixed source problem, and the level of this density is
higher the larger the magnitude of the source. A prime objective cof a
fixed source calculation is to determine the neutron flux level asso-

ciated with the source.

“G. Birkhoff and R. S. Varga, "Reactor Criticality and Monnegative
Matrices,” J. Soe. Ind. App. Math 6, p. 354 (1958).
cR. Froehlich, "pousitivity Theorems for the Discrete Form of the

Multigroup Diffusion Equations,” NS&E 34, p. 57 (1968).
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When F is non-zero, there is 2 sensible solution to Eq. 705-4 only
if the related problea

P
2]
O

)
17

is subcritical, ke <], vhen S = C. Othervise, the flux level would
keep increasing, even without the fixed source, and the usual procedures

for resolving fixed source problems generally fail.

The Adjoint Flux Problem

The adjoint flux eigenvalue problem is expressed as
* l * indai o
At = ';(XF)t: 5 7Co=c)

vhere the superscript t refers to the transpose of elements about the

diagonal (interchange of rows and columms). In diffusion-theory repre-

sentation, transposing A involves

(1) ro changes in the total removal (absorption + outscattering + DB?)
terms on the diagonal,

(2) no change in the diffusion coupling due to symmetry about the
diagonal, but

(3) change in tne group-to-group transfer or scattering terms, I(g*n) to
L(n*g); inscattering no longer cancels removal if the equations are
summed.

Transposing xF csuses the contribution to group g by the distribution

function x(g) of neutrons produced in fission in group n from the reaction

due to cross section vxf(n), namely x(g)vzf(n), for the usual problem

to be reversed for the adjoint problem, namely vI(g)x(n), or tht, if

(x¥) is separable.

i
L3
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The eigenvalue of the adjoint problem is the same as that of the
regular problem, ke' Thus it is common practice to use the result from
the regular problem in the process of solution of the adjoint problem
vhen they are treated in succession. However, it sometimes is of wmore
interest to solve the perturbed adjoint problem for more precise analysis
of perturbations when a specific perturbation is of interest. In this
case the perturbatior changes ke requiring that it be cdetermined as an
waknown .

The adjoint fixed source problem is of special utility in analysis
of the effect of perturbations to the system on some specific local ef-

fect. The problem to be solved is

Até* = thtC* + S*%, (70u-6)
and the appropriate source, S* must be supplied for this adjoint problem.

As noted before, the system must be subcritical.

When an adjoint problem is of the eigenvalue type and directly fol-
lows a regular problem, in the same code block access, then the result
for ke from the regular problem is used. It is thus assumed that these
eigenvalue problems are for the same system. When an adjoint eigenvalue
problem is of the eigenvalue type and directly follows a regular problem
in which a criticality search was done, it is again assumed that these
eigenvalue problems are for the same system, namely the result of the
criticality search. This is true even for the 1/v search and the 1/v

loss tems are included in the adjoint problem.

When an adjoint problem is of the fixed source type, it is assumed
to be for the system initially presented, except wher a regular problem
is run first and adjustments are made in nuclide concentrations or

dimensions.

An adjoint problem may be solved in an access to the code block

without firat solving a regular problem. This problem may be an eigenvaiue

problem, or a fixed source problem for which there may or may not be a

transposed fissfon source.

i =

- g g R L
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Criticality Searches

The primary application of a code block designed to solve neutronics
eigenvalue problems is analysis of reactor core conditions. To hold a
reactor at a desired power level, it must be maintained at a near critical
condition. Therefore, it is incumbent on analysis effort to determine
representative conditions near this required state of operation. The type
of problem to be sclved has been named the criticality search; adjustments
are to be made in certain parameters of the problem to establish a desired

srate of criticality.

Establishing the positions of individual control rods represented
discretely in a finite-diiference mesh which satisfv the critical condition
and minimize the peak power density is one of the most difficulz problems
formulated in reactor analysis. This problem has only been solved by
indirect methods.

The criticality search problem may be expressed in a general formu-

lation as

(A —.rl_f-x;'): _B:, (7ce-7)

-

wvhere ke is the multiplication factor to be satisfied, a specified number
often unity, and B is the seerch operator. This problem is to be solved
given a specified way in which the components of B are to be changed to
effect the solutfon.

Therc wmay be constraints on acceptahle golutions; a mathematical
solution may not have a realistic physical interpretation. A system con-
taining no fissile material cannot be made critical unless fissile mate-
rial is added to it. A mathematical solution which involves negative
nuclide concentrations or ones vhich exceed physical limitations is
usually not acceptable,
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A unique solution to the general search problem is not assured. There
are often two different mixtures of D,0 and H,0 vhich will satisfy critical
conditions in 2 vide lattice thermal reactor. There are ofter three
different concentrations of the same mixture ¢f plutoninm isotopes which
will satisfy critical conditions (mathematically) in a water—cooled
core. The amalyst is often seeking only one of these possible solutions.
He is cautioned about the difficulties associated with the general criri-
cality search problem. The automated procedures seek a machematical
solution, try to determine those situations vhere such a solution does
not exist, and make key tests on a solution to determine if it is realistic
in a physical sense, and discontinue further calculation if it is not.
Quite generally, it is assumed that the initial state of the system is
relarively close to the desired solution. When it is zo, many of the
difficulties are avoided. Beware the results when large c. anges to the

initial conditions were required to effect a solution.

The sophistication of the treatment in a code such as VENTURE in-
creases with development. At the time this documentation will be published,

it should contain the basic capabilities described herein. An uxtension
over simple procedures has been incorporated. Consider that concentrations
of nuclides have been adjusted in accordance to specifications, but the
problem solution is found to be unacceptable. Let us say it took more of
the described fuel as makeup than is available. Adding the alloted amount

of this fuel, and then searching on a szcondary fuel mixture is possible.

The basic criticality search problems treated in the VENTURE code
are described below. For several of these, Eq. 705-7 is recast in the

form

e
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wvhere )P is the neutron source operator generally associated with search
on fissile ruclide concentrations, similar to but often more sparse than
xF, Q is a diagonal matrix representing loss only, and *» is the eigenvalue
of the search problem to be determined. For suck problems a procedure is

available vwhich iterates directly toward a solution.

The Direct Buckling Search

In Eq. 705-8, P = 0, and Q contains the contributions from buckling
loss terms as specified, nnfv. The local value of the diffusion coeffi-
cient D is used, the local volume V, and the buckling }1 which may be
energy group and position dependent. The value of X, an eigenvalue, is
to be determined; it is a relative magnitude of the buckling. That is, all
the values of B, are adjusted proportionally (kBl) to effect a solution.

As programed, -1 is determined during the iterative procedure.

The Direct Reciprocal Velocity Search

For this problem, P = 0, and only the diagonal elements of Q cortain

the product of the reciprocal of the velocity and the local volume, loss
terms. The eigenvalue * is a multiplier on the reciprocal velocity sink
term which effects a solution. If ’ is negative, a distributed scurce

has been added to the system.

This calculation determines the prompt mode time constant. The dy-

namic neutron balance is considered in the form
%% .= g% = sources — losses , (7¢5=9)

vwhere y is the neutron density and v is the neutron velocity. The

asymptotic neutron flux mode is formulated by assuming that

v
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Substitution of these into Eq. 705-9 leads tc the form of Eq. 705-8,

P = 0, with » identified as a, a time constant usually associated with
a prompt neutron mode (no contribution from delayed neutrons), and Q is
v-i., A suitable value of ke must be specified and the results properly
interpreted, but coverage of these important details is beyond the scope
of this document. It is often necessary to solve another problem first
to obtain the desired results, either to establish suitable conditions,
as by adjusting some of the parameters, or to establish the value of

k for the system.

The Direct Nuclide Concentration Search

The direct search technique may often be usefully applied to problems
of determining nuclide concentration changes, the nuclide concentration
search. Desired conditions may often be satisfied with little more calcu-
lational effort than required to solve the corresponding usual cigenvalue
problem. It is assumed that the nuclides for which concentration changes
are to be made make primary contribution to the macroscopic absorption
and production cross sections, and only secondarily affect the scattering
and transport terms. Thus application is to heavy metals or control

absorber, not to moderator.

The concentrations of cercain nuclides are to be changed in the sys-
tem as necessary to satisfy a desired value of ke. Given specifications
for these concentration changes, a common multiplier is desired such that
at solution the actual change made in the concentration of nuclide n at

location r is given by
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2 (ng) = e}, TCL-1L)

where the argument (0) refers to the initial specification, and : is a
common multiplier, an eigenvalue to be determined. Coasider the following

which are effectively macroscopic properties:

%4

Ll

Z[.ulh Q) o, n e

*,r” §£n¥ (C) v af,n s

. a . .
where sums are over the search nuclides. Given an iterate estimate of

the neutron flux, an overall aeutron balance may be formulated as

1 -
—_— P, - A& - = ! -
o Py Ay = Ly i

where Pt is the summed neutron production rate for the system; At is the
summed loss rate, absorption and buckling, for the system; Lt is the sur-~

face leakage, and

Vr being the region volume, and ¢ g is region average neutron flux in

Ty
group g.

a
Account for volume fractions, and for volume ratios in the case
of subzone search, is not shown.



705-10

Solving the above equation for the unknown eigenvalue gives

\ = . (705-11)

Thus from an overall neutron balance, an estimate js made of the eigen-
value of the nuclide concentration search problem. With this estimate,
the usual iterative proredure may be applied; account is taken of the con-
tributions from the seaich nuclides using the macrnscopic absorption and

production cicss sections associated with the changes.

To account for small changes in the scattering and transport proper-
ties, the nuclide concentrations are updated at convenient points in the
iteration cvcle, and the macroscopic cross sections and equation constants

are recalculated at this point in the calculation.

The Indirect Search

The conventional way that the nuclide search problem has teen solved
is by solution of a series of usual eigenvalue problems with estimates of
the required changes to the search nuclide concentraticns introduced after
each eigenvalue problem. First the usual eigenvalue problem is solved
(for ke) for the conditions presented. A change is made in the nuclide
concentrat ions according to user specifications, and this new eigenvalue
problem is solved. Based on these results, the nuclide concentrations
are further adjusted, and the process continued to an apparent solution,

subject to acceptance by the analyst.

The dimension search problem is done in the same manner. Changes

are made in the geometric mesh spacing to effect a desired solution.

END OF SECTION o
| ‘ ’
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Section 716: The Iteration Procedures

Introduction

This section documents the iterative procedures implemented in the
VENTURE code. An attempt is made to provide the user with the infermation
he needs for practical use of the code and to choose between the programmed
options available, for experimentation or selective application.

Tae procedures of calculation must be corsidered rather complicated
vhen viewed by the analvst wanting results and not much concerned about
how they are obtained. In sulving large problems, computation cost is
an important consideration; there is incentive to reduce the cost by
applying an effective rrocedure. The overall strategy involves:

1. Initialization (see Section 718),

2. Inner iteration with overrelaxation to accelerate the fixed
source problem at each energy,

3. Outer iteration with acceleration,

4. Convergence tests, and

5. Reliability checks (see Section 720).

The following discussion addresses the individual procedures. Introductory
material is given first to orient the reader.

Inner iteration involves successive recalculation of the flux values.
Given the fission and inscattering source, the coupling (neutron balance)
equations are solved by an ord2red sweep through the space mesh at one

energy. This is expresseé in matrix form as

ét,n =M ¢c-1,n * Sn ’
a set of coupled linear equations where ¢t,n represents the point flux
values for inner iteration t, outer iteration n, M is the operator
(coupling terms) and Sn represents the point source terms. Latest point
values of the fluxes are used as they become available and new values
are obtained for a block of points simultaneously. The newly calculated
values are driven by overrelaxation which involves using the changes
in the point flux values to drive the fluxes in the directions of individual

changes from the previous iterate values. Thus, M above is appreciably
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altered from just a simple coupling operator; it may depend on n and ¢,
The number of inner iterations carried out on one space problem each
outer iteration is a key variable.

Outer iteration on an eigenvalue problem may be viewed as solving

the matrix equation

1

9 -(E+ll

n XF) -1

n-1

a set of coupled equations where .n represents the poiant flux values

for ovter iteration n, E is a space, energy coupling operator, F contains
the terms for neutron production from fission and X is the into-group
distribution function, and kn-l is the estimate of the multiplification
factor. It is noted that inner itera:zion causes E to have a complicated
form.

Each outer iteration there is full sweep yielding latest estimates
of the point flux values on' and s« new estimate of the eigenvalue of the
problem, kn' is obtained. The calculation starts with the first or
highest energy group for usual problems and proceeds downward, following
the primary direction of neutron scattering. For adjoint problems, the
sweep is reversed.

The same steps are carried out #ithin each outer iteration. This
is necessary to permit effective acreleration of the outer iteration
process. Two acceleration schemes are used, Chebyshev acceleration
applied repeatedly and asymptotic extrapolatio . done only occasionally.

The Chebyshev acceleration process involves acceleration each outer
iteration of the calculated flux values given the iterate estimates for
the twec previous outer iterations. The objective is to beat d-wn the
contributions from all the error vectors having eigenvalues over a
spe-ific range. Practical considerations include selection of the stage
of the calculation to inftiate the process, identifying the eigenvalue
spectrum range, id2ntifying when the procedure is not effective and
when it can be expected to not be effective.

Asymptotic single-error-mode extirapolation is based on the assumption

that a single error vector dominates asymptotically, the others having
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decayed away. Two succeeding outer iteration sets of flux values are
extrapolated to an apparent solution. An asymptotic double—-error-mode
extrapolation procedure is also implemented vhich uses three succeeding
iterate sets of the flux values. Practical ccnsiderations include
identifying when the iterative behavior indic:tes extrapolation will be
2ffective and estimating suitable extrapolation factors. Extrapolation
miy be done when the Chebyshev process is being applied.

The primary criteria selected to identify that an iterative process
is convergent, is the maximum relative flux change between successive
iterations. This quantity is used in the implemented procedures to
evaluate the behaviors of the inner iteration and the outer iteration
processes. Also the ratio of the sums of the magnitudes of the flux changes

is usaed oa outer iterations.

Remarks on Optimum Strategy

1f the optimum number of inner iterations is very few, perhaps even
one, a relatively straight-forward and effective procedure can be identi-
fied and applied. If the optimum number of inner iterations is large, a
different relatively straight-torward and effective procedure can be
identified. The two procedures are quite different and there is no smooth
transition from one to the other which is needed when a modest mumber os
imer iterations should be the optimm. Furthermore, an initial commit-
ment to set data handling procedures makes it very difficult to shift
the strategy during the calculation as information becomes available
about the iterative behavior.

The cbjective is effecting an acceptable solution to a problem at
a minimum cost of computation to the prcject. Considering the large
number of variables invnlved, including the available computer environ-
ment and local costjallocation, pre-selection of an optimum strategy is
simply not possible.

The procedureg implemented admit selection between a number of
alternatives. A strategy is selected which depends on the particular
problem to be solvéd and this strategy undergoes modest changes as
information about ﬁhe iterative behavior becomes available. The auto-

matic selection of a strategy allows application with minimum burden
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to the user; however, it involves compromises and can hardly be expected
to represent the optimum in any given situation for 2z particular problem.
Principal alternatives for basic selection between procedures are under
the control of user-input options. For those problems for which tne
iterative behavior is predictable from past experience, input comtrol is
available and exercising this control is desirable. However, a nute
of caution is in order. Only a limited background of experience with
the actual procedures implemented is available to the authors; it takes
time to accumulate experience. Past experience with similar procedures
but yet different in detail, may not be applicable nor trustworthy.
Further, the overhead of handling the large amount of data for the
larger problems and assuciiated penalty must be considered in applying
the procedures or attempting to modify thenm.

Before discussing the details of the procedures, an overview of

the iteration strategy is presented.

An Overview of the Iteration Strategy

The general procedure of solution employed is one of iteration.

For the usual eigenvalue problem, the equation to be solved is

M = %—- xFo . (716-1)
e

With special partitioning of the matrix A,

(n—J-L-ulo-(s+'r+-:—xr]¢ , (716-2)
e

where

D = the main diagonal term (loss due to absorption, buckling,
outscatter),

J contains the coupling terms for a block of points (as along a
row in space at one energy) for which the flux values are
decermined simultaneocusly precisely given the current values
of the other fluxes,

L = che lower triangular matrix containing coupling terms in space,
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U = the upper triangular matrix containing cuvupling terms in space
(excluding any appearing in J),

S = the downscattering source matrix (group-to-group scattering

terms at a point,

T = the upscattering source matrix (group-to-group scattering

tetms at a point,
F = the fission source component (from a2l) groups at a space point
contributing to the totzl at that point, a row matrix operator),
¥ = the source distribution (from the total to all groups at a point,
a column matrix operator), and
k_ = the unknown multiplication factor, a constant for any problem
to be det:rained.

To illustrate how an iterative procedure is formulated, let us put
the term D¢ on one side of the equation, Eq. (716-2), and the remaining
on the othex, giving

De=[J+L= u+s+r+%—xl~'] .
e
If a set of fluxes is available for iterate n, namely on, then a

simple iterative scheme is expressed as

$ -D.llJ+l-+U+S+T+il-xl?]¢n R (716~3)

nt+l

where the inverse D ! is of a diagonal, the reciprocals of terms in D.
An estimate of ke is required, kn' and a continuing iteratfive process
may proceed. The above with all positive entries and ¢, 0 produces

¢
o+l
assured. Eq. (716-3) does not even admit the use of newly calculated

> 0; only with 3 > 0 can a unique and most positive value of k be

¢ values, so it represents a rather crude procedure.

With downward sweep in energy and simple sweeps carrying the simul-
taneous solution for rows across the space problem, use of newly calcu-
lated fluxes causes them to contribute through the matrices J, L, and S,

or




716-6
s = _l_. ’ .
ID—J-L-Slvn_H lU+T+kanen :
K] =[D-J-~-1L- s]°l [U+T+ L F] ¢
ol kX1 e (716-6)

The inverse showm would generally be impractical to obtain. It is not
n2eded, however, but rather is a consequence of the process and the par~

titioning of the coupling terms.
Overrelaxation is used as discussed later in detail. The basic

equation is

*
+ 2 - 716-5
xi.n = xi.n-l ’(xi.n xi,ﬂ'l)' ' (716=>)
®
. \ . . R
where xi.n_l is a component of *a~1 obtained from iteration n-1, xi‘n

is the newly calculated value for iterative sweep n, £ is the over-
relaxation factor, and xi’n is the overrelaxed value used thereaftcr
for this sweep of the equations. Note that % = 1 causes the newly
calculated value to be used; overrelaxation is done for 1 < < 2, A
fixed value of 3 may be used, or a different overrelaxation coefficient
may be used for the space problem at each energy. Also, the value of

2 used may be iteration dependent. 7Thir flexibility is shown in the
equations by representing the overrelaxation process with a matrix Bn
containing only the values of 3 on the main diagonal, the subscript n
indicating the values may be changed during the iterative history.

Overrelaxation changes Eq. (716-4) to

-1 1
Popy {D -BlI+L+ s)} {(l -B)D- BIL+T+ i xf]} 4, - (716-6)

lnner iteration may be dune. For many types of problems,
additional calculationa! effort shows advantage to reduce the error
associated with the space oroblem at each energy. Thus, several sweeps

may be made of the space prohlem at each energy. Considering a fixed
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number of inner iterations, Eq. (716-6) becomes

t
‘atl * { [ann]t +[E R;] Bn IT + i,(-— ;(l»‘]};n (716-7)

i=] n

where

-1
nns{n-nn [J+L+sl}
Vve=Il-BlD+BY ,

and t refers to the number of inner iterations. Eq. (716-7) would have
to be altered if eiti.er the number of inner iterations is different for
the space problems at each energy or if Bn is varied during inner
iteration.

Equation (716-7) also applies to the direct search problem with
rearrangement of the terms and inclusion of the estimate of the eigsn-
value of the search problem. Acccleration on outer iteration adds

further complexity not shown.

Latest Iterate Estimates of the Flux Values

New values of the fluxes are obtained each inner iteration by
app -ing the basic finite-difrerence neutron balance a2quations for the

volume clements. Substitution of the leakage terms of Eq. (702-3) into

Eq. (701-4) yields an equation for each point equating the loss rate
with the source rate in the form.

3 xi,t - si.t + by xi-l,t *+ b xi~|-1,t ’ (7:6-8)

Wiere { refers to a mesh point along a row, t refer> to inner iteration,
Si is the summed fission and scattering source plus the contributions

from nearest neighbor points on adjacent rows, a, {s the loss constant,

i
and bi is the coupling coefficient between nearest neighbors along the

row,

1
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Line relaxation involves a forward, backu ird sweep to sclve the
tri-diagonal matrix yvielding new flux values simultaneously for all the

points along the row. To satisfy the recursion for the backward sweep

£

e
X, =g {x + . (716-9)
1,6 Si)Tiel,t b f

requires a forward sweep

£ = Si,c B1-1 fiol

and a previously done forvard sweep,

1
g. b |———1.
: i+l [ai bigi-l ]

vith the amount of division minimized.
An alteraative procedm’ea is attractive to reduce the amount of

computation during iteration. To solve the system of equations
Ay =S

a new set of operators is desired such that
cvlves = s .

The elements of these operators are obtained as follows. Let a, be the
diagonal terms of A and bi the off-diagonal terms, coupling point i with

i-1. Then, an initial calculation is done giving

I |
£, =3
b 214
f.=Ja - {7 y 1 < i1
i i fi-l
b1+1
vi-t'f ,elements of V,1 i< [ -1
1 i+1
1
c, = — | elements of C .
i f‘

a(Zl.lthill. E. H. and Varga, R. S., "A Method of Normalized Block Iteration,”
J Assoc. Comput. Mach., 6, (1959).
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The forward-backward sweep equations solved during iteration are:

X, T (.S,
1 11

(716-10)

It may be noted that the new values Ci and Vi must be made available,
but that the criginal elements a and bi and intermediate values fi are
not later required. This scheme is not applicable when the direct
criticality search procedure is used (unless the new values of a, are
used each outer iteration and the precalculation of C and V is redone).

The direct inversion scheme requires ten arithmetic operations including
twe divisions, while the modified procedure involves at most six with no
divisions during iteration. The reduction is a smaller friction of the
total calculation involving overrelaxation and summing the individual
source terms which increases as the number of dimensions is increased.

For the repeating boundary condition, leakage from one end feeds

back to the other end, and 2 term must be added to Eq. (716-9),

£
i
nf-—— 4+ X +h (716-11)

where 1 refers to one of the flux values. The unknowns are obtained from
this recursion relationship.
The calculations are done in such a way that a zero value of xi-t
indicates that the associated point lies in a black absorber region.
Clearly the whole point of solving for several point fluxes simul-
taneously is to invest calculational effort where it will accelerate the
fiterative process. We seek ways of resolving more points or different

blocks of points whirh vill accelerate problems.

= g
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A special situvation is presented by rotational symsetry boundary
conditions: a point on one row couples with a point on arother row.
The newest iterate value of the flux is used in this coupling, but half
of the time this is a previous iteration vaiwe. Thus, the rate of con-

vergence might be expected to be slower thap without this coupling.

Sweep Order

By "normal ordering” is meant that new flux values are obtained at
each point each inner iteration by a sweep dcross the space mesh at one
energy. This sweep starts on the rirst plane at the First row, then the
next row on the plane is done, and s¢ op acress the plane, then the first
row on the second plaie, and sc on across the planes. With | ioner
iterations, the flux at each pvint is caliulated J times with I successive
sweeps.

With 1 ordering, new values are first obtained for alternate peints
or along alternate rows, then for the others. Consider the two-dimensicnal
problem with simultaneocus sclution for point values along each row. lLovking
at the ends of the rows,

X . X . X .X - 0X
the odd ones shown as a dct would be treated first (in anv order) and
then those shown as an x would be treated. Spacial vcupling by the
finite-difference equations relates only nearext neighbors, so fhere
are no direct couplings between any . rows or between x rows. The neutron
leakage contribution (space coupling) is caslculated from the nearest x
values when a . point is treated; therefore, this leakage contribution
is obtained from the same iterate nearest :c>ighbors. (With normal
ordering, the adjaceat points have values cne iteration apart fer the
sweep row.)

In three dimensions, we lock again at the ends of the row: and find

e X . X . X

Again with coupling conly between nearest neighbors, the . point# do not
couple and are swept first in any order, thcn the x puints. This ordering

applies to all coordinate systems treated.
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The ;l order of sweeping the mesh imposes rather <evere data handiing
requirements, especiaily for large problems treated ir an sm.ll computer

memory. Therefore, application is quite _elective.

inoer Iteration and Overrelaxation

Overrelaxation is a simple but powerful scheme for accelerating tue
rate of convergence of the iterative process. The theory is not well
developed for optimizing the overall strategy to maximize the rate of
convergence of a multigroup eigenvalue problem. However, the behavicr
of the fixed source nroblem invoiving the sicple coupied finite difference
vquations, the space problem at one energy, is well known; the following
di:cussion Is directed at this inner iteration process.

Consider calculation of new values of the fluxes each inner iteration
using onlv the old valuves. If we evamine the eigenvalues of the iteration
matrix, there is the same number of them as peints or flux values to be
determined, all less than raity. These contribute to the errer in the
sense of the difference between the answer and the current estimate of

the flux at <ach puint for iteration t,

. . . 2 : t .-
’\i" ki't ‘\i'j ‘j - (716‘1.

J

Thus, there is a contribution to the error from each error vector having

an associated eigenvalue ‘j which depends on the value of Ai 3 and the
*

iteration number., The values of - depend only on the equation constants,

3
not on the sourve vilues. The values of Ai 3 depend on the initial state
of the problem, both the fixed source values and the initial flux values.
Since .jt -0Qast - -, ;j « 1.0, each contribution to the error dies

away: the smaller the value of ;j' the more rapid its contribution decavs.

Asymptotically as t = =, the contribution from the largest -, dominates.

3

Eliminating the constant A from th. recursion equations vields infor-

f,]

mation about the asymptotic behavior,

.o

SE T SN
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ST T S o = iat - ‘i,t—l i
i,»  Ti,t-l ive-1 - ¥i,e-2
i,» ~ it <
X, - X, 1.0 - ¢ -
i,t i,t-1

That is, asymptotically, the absolute error is reduced by . each iteration
as is the iterate caange. However, the ratio ol the absolute error to the
iterate change depends on the reciproral of 1.0 - -,

Quite generally the more unkrowns in a give.. problem (the more space
peints us<d), the larger the value oi ., the slower the rate of convergence,
and the larger the ratio of the absolute error to the iterate change.

Use of the latest values as they become available in a consistently
vrdered process accelerates the rate of convergence. The effect is

squaring the eigenvalues giving the asvmptotic behavior

<. - X
i TN 73 S .
X. - X, - *
i,» i,t-1
xi_L‘ - xi ot P
- -7 .
xi »t yi,l:—l 1.0 - <

Note that for ¢ = 0.9, .Z = 0.81, a significant improvement. The ratio
of absolute error to iterative change decreases from 9 to 4.3. Of primary
concern "lere is not this situation, but rather that where ¢ approaches unity,
having a value of 0.99 or even larger.
For certain problems, the value of ¢ is larger than usual; one of
these is the situation involving rotational symmetry for which old values
of the fluxes alcag the coupled boundary are used since new ones are not
yet avaflable.
With overrelaxation, the iterate flux estimates are driven in the

direction of the calculated change by the equation

* *
¢ + ’t(xi, -X ) . (716-13)

X * xi t i,t-1

i,t

e e e
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'y
Here X' ¢ is the newly calculated value and :l is the overrelaxation
A ]

coefficient. For the fixed source problem, there is an cptimum value

. a
of ‘v Biven by

z = 2.0 ) (716-1%)

opt 1.0+ VI.O— <

The eigenv es of the ~verrelaxation process occur in pairs. Shown in
Fig. (716-1) is the dependence of the dowinating eigenvalues of the over-
relaxation process on the value of it, | S e € 2, for the situation
where .- is 0.99. Considering onlv this fixed source problem (not the
overall eigenvalue problem}, the objective is to effect the minimum
dominating eigenvazlue of the process. This occurs when the optimum value

of ‘e «:s used. For = < : » the pair of eigenvalues are real, one

t opt

relatively large, the other small. For ‘e 7 :opt

are complex conjugate. The error vectors associated with these eigenvalues

, the pair of eigenvalucs

are not independent, but have a rather complicated dependence on the
iteration number.

‘The importance of the use of an overrelaxation coefficient near the
optimus is evident from Fig. 716-1. Indeed, it is preferable that the
value used be too large rather than too small because the ronvergence
rroperty is not degraded as much. It should be noted that asymptotically,
the absolute error reducifon is a factor of 0.82 each iteration with
optimum overrelaxation compared with 0.99 without overrelaxation. Each
iteration done with optimum overrelaxation is the equivalent of 20
iterations without it. Clearly, the amount of calculation required tc¢
do overrelaxation returns a large dividend justifving f{ts use, and a
reascnable amount of calculation can be justified to determine near
optimum requirerents. ilowever, a convergent process is indicated for
1 <8 <2,

New values can be obtained of the fluxes for a block of peints

simultanecusly. Thus, when line relaxation is done as discussed previocusly,

3s. P. Frankel, Convergence Rates of lterative Treatments of Partial
Differential Equations, Math. Tables Other Aid Comp. 4 (1950).
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these values are overrelaxed simultanecusly.

It is of intevest to cowpare asymptotic rates of ceavergence for s
reference probles. For the tvo-dimeasional square mesh with even sesh
peint spacing, howngeneous, and no sink term, the asymptotic rates of
convergence for various schemes are shoun belov as dependent on the
nuaber of mesh points on one side.

Asyaptotic Rate of Convergence

Mesh Points B Use Old Use Nev  Point Line
Valves Values Overrslax Overrelax®
10 1.560 0.041 0.081 0.58 0.82
50 1.884 0.001% 0.0038 0.12 0.17
100 1.940 0.00048 0.00097 0.062 0.088

During the early iterative progress of a problem, large changes in
the flux values are assecisted with initisl error vectors which may cause
Eq. (716-13) to produce unscceptable negative values. Ve restrain the
process by restricting the result in a msaner which dempens out excessive

driving, requiring

® L]
0.5 x"t < xi't < 81“ + x"t_l : (716-13)

"m. is the nevly calculated value and xi't is the restrajined overrelaxed
value. The nsture of restrained overrelaxation is shown in Fig. (716-2).
When the iterative progress reaches a stage vhere the calculated changes
are smsll, no restraint is required. Therefore, the restraint applier
only during the early history vhen bad initial error vectors dominate
(It.“l > 0.01, ses later discussion).

Yor those special situstions where negative flux values are accept-
able and expected, the sppliration of Eq. (716-15) must be prevented by
uwser option. FPurther, if a change in sign occurs with the nev estimate,
Eq. (716-13) causes extremme driving, so the newly calculated value is
vsed rather than the overrelaxed value.

The overrelaxation factors may be sdjusted by applying the recursion
relationships involving the Chebyshev polynominals. This procedure causes
large values of the overrelaration coefficient tc be used in the early

“Mmis scheme is the only one implemsnted; the numbers of mesh points aslong
each coordinate are for s luu: slab, divide by two for half slav.
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history, the value decreasing each outer iteration approaching an
asymptotic value. The objective of this procedure is to drive out bad
error vectors. Experience has showa that hard driviang during the early
history, in sm orderly way, causes the estimste of the problem eigen-
value (the multiplication factor) to move most rapidly tovard the amsver.
The procedure cousists of applying the following equations for the

space problem at energy grouwp §,

(716-16)

In Eq. (716~16),t refers to inner iteration with normal sweeps. With

9y ordering, t refers to each sweep on alternate points, so 't (g) is
sdjusted midway through the imner iteration process; this is the so-called
cyclic Chebyshev procdun.'

Experience has shown little advantage, if any, of adjusting the coef-
ficients during immer iteratiom except vith % ordered sweeps, and then
only vhen a relatively lsrge number of inner iterations are done.

A two-dimensional fixed source, homogeneous, no sink, unifora mesh

problem vas solved by line overreslaxation with optimum coefficients, and

the reduction in the absolute error vas determined from the known analytical

solution. The number of iterations required to reduce the sbsolute error

the same amovnt in each case is shown below.

Iterations Required

Schewme / Mesh Size (Points)
40x46D 40x80 80x40 80x80

Normal Ordering 60 86 73 122
Normal Ordering, Chebyshev 55 87 72 120
oy Ordering 47 60 60 98
% Ordering, Chebyshev 41 p ¥ 53 81

a
Hageman, L. A., "The Estimation of Acceleration Parameters for the

Chebyshev Polynominal and the Successive Overrelaxation Iteration Methods,"

USAEC Report (BAPL) WARD TM-1038, June 1972,
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The advantage from the 9 ordering is clearly demoustrated; it shows
the largest gain foi the rectamgular mesh with line relaxation alomg the
short rous. When the application of Chebyshev polynoainals vas done om
a cycle, it vas foumd that the optisum was a meny iteratioa cycle; use
of a short cycle showed no adventage over mot applying these factors.
Thus, only vhen enough inner iterstiocas are done for the overrelaxatioa
coefficient to reach the asymptotic value, can advantage be expected in
aspplying the Chebyshev polynominais during the inmer iteratiom process.

then fev inner iterstions are dore, adjusimmats are made on vuter

iteration B,

1.0, e =], ne1l
2.0

2.0 - p¥(g)
Bt'u(‘) - 4.0 a1, (716-17)
(s)

31'._1(‘) v R > 20;

st >i,nnl

- o2
6.0 - o (‘)"T.u-l

here T refers to the number of inner iterations. That is, the values
sre basically sdjusted on outer iterastion. Application of the procedure
is done omly during the early iterations, and is discontinued after any
procedure for acceleration of the outer iteration process is initisted.
Also, overrelaxstion is not done the first inner iteration following
asymptotic acceleration in this mode of calculationm.

When £ > Bopt' the iterative behavior has a marked difference than
wvhen ﬁ: < Bopt' A direct measure of the behavior is obtained h’o-itltn
iterate values of the maxiaum relstive flux change. Let a 8 b

"t XI 't-l

vhere xi ¢ is the flux value at location i after overrelaxation is

done at iteratfon v, snd

Te - m(ai't) »

‘t - -‘u(.i ,t) »
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over the space problem of interest. The saximwm relative flux change
is determined from this informatiom vith the sign retained to iadicate

if the flux at that locatiom is ::sing (positive) or falliag (megative),

" | max]| (r, - 1.0, s, - 1.0). (7)6-18)
X, -X
it i,e-1
Thus, ¢ = | max| — = , retaining the megative sign if the
f,e-1

iterate value is descending. Quite gemerally, the pruocess is deemnd to
be convergemt omly if |(t| . I(t_ll. Vhen 8 > l.'t. this criterion aay
be satisfied for ome or even several iterstions, but wvill eventually be
vioiated.

A special condition exists when the changes in the flux values are
so small chat they lose significamce. 1Ia this siteatioan, arbitrarily if
lttl < 10 19, the number of iomer iterations is adjusted to

4.0 + l.(g)
l"l(') . 2.0 v

reducing it, but not to less than 4. In the multirow or multiplane modes
of data handling, the number of inner iterations may be a multiple of the
rows or planes stored; in this case, the number of imner iterations is
arbitrarily reduced vhen {gt{ < 1070 by the number of rows or planes
stored, down to a minimum of the number of planes stcred, Upon such
reduction, the inner iteration process is judged to be convergent for
purposes of analyzing behavior,

Estimates are made of the dominating eigenvalue of the process from
the maximum and minimm flux ratios, Ve assume that asymsptotically,

. Xit " Xie-1

(716-19)

X -1 X -2
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The estimeate of 1 is

xt - Jlt 1 )t 2 (716-20)

which is essen-ially the average of the two values wvhen they arc not greatly
different. 1Ia the event that sll flux values are falling, both T, and S,
will have values less tham umity, or if they are all rising, they wil®

both be grester thea wmity. A chamge from this condition (or toc it) csuses
the value of T, or s, to swing sbout umity resulting in a negative value

for the estimate of A. Ues asswme that the iterate estimates are moving
tovard a solution, 2 > 0, and srbitrarily set

lt © max “t.l' "c,z’
if eicther is negative.

The inner iteration process is deemed convergent and not over-acceleratsd
if l‘l’l < I‘l’-—l! < I‘T—-ZE' where T refers to the last iteration done each
outer Iterstion. 1f comvergent, an asymptotic behavior is deemed to have
established if

)} < 1.0 ,» and

T,n
1.0 - 1

0.9" < o< 105,
: T,n~-1

where the subscript T refers to the last inner iteration for that outer

iterstion. In this event, 2 nev estimste is made of the spectral radius,”

o 2g) = :.0 1.0 - %?-:—‘-'-;-‘3 (716-21)
» T,n ‘l’,n('

The overrelaxation coefficient is recalculated with Eq. (716-4), but only
if the esymptotic single error mode extrapolation criteria discussed later

. . Young, "Iterative Methods for Solving Partial Difference Equations
of Elliptic Type,” Harvard University Dissertation (1950).

et - 5
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are satisfied, indicating that aa asywptotic behavior of the owter iteratiom ¥
has established, and omly if ﬁr .(.) - 1.0 ¢ lt o and the adjusted valwe ‘-rt

» » i
is comstraimed to
4.08_ (p)
8 (‘) < ‘t:}. g
T, ntl 30+ E'l' @ - (716-22) 2
B x
If the immer iteratiom process is deamed to be nem—comvergest, the %
overrelexation coefficient is arbitrarily decressed w
B ae @ ° mex [&y (@) - 0.05, 1v] . ne23y) g
Vhen 8/g) is changed, the associsted vaiue of o(g) is recalcslated te
mske them consistent. If amy 8(g) is decreased, this coefficient is mot
permitted to be incressed later. Reduction im §(g) is allowed me more
frequently than ewvery other outer iteratiom, but vhen in wee, the schras
of applying Chebyshev polynowinals is continwed.
Uhen the swmber of {mmer iterstioms dome st amy growp is less tham &,
the criteria for immer iterstiom comvergemce are mot spplied. HRather the
behavior of the outer iteratiom process is exanined, and informstion frem
it is wsed in Eq. (716-21) as discussed later.
We note thst the optimws overrelaxation coefficiemt tor 2 ome-growp
fixed source problem may not be the optimum for the suitigrowp eigenvalee .
problem; experience shows that the latter is often smsller. ‘
Outer Iteratiom Strategy
lere we discuss sssesement of the behavior of the owter iterstiom
procers and delays inposed on sadjusting the psrameters of the individuwsl
procedures. When the flux values for successive iterstions ste svailsble
at the seme time (ss vhen the Chebyshev process is spplied), behavior of
the outer iteration process is sssessed directly.
X
’ 1,n=1
o vhere xi a is one of the flux values (compoment of 0'), and
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rn = max ('i.n)

(716-2%)
s, = win (ai ,n)'
€, " imax (r, - 1.0, 5 - 1.0) . (716-25)
The process is <emed to be convergent omly if ‘n < ?’:n-l':' Othervise,

the prucedure in use is causiag excessive changes in the flux values and
the parameters must be altered.

When succeeding outer iterate flux valuwes are not readily available,
the maximm relative flux change is estimated by a bound, Given the values
of r, and s, for the inmer iteration, at each energy group, the estimate is

n
¥ =max o T
n t=1

(716-26)
n

s =min I s
n (.lt

over the individual energy groups. Quite generally the values obtained
from Eq. (716-26) are wvider bounds than the values from Eq. (716-25:-
The dominating eigenvalue of the outer iteration process is estimated.

We assume that

R Y | ~ i,n-1 .
. X ~ X , (71le6-27)
i,n-1 i,n=2
Given
r - 1.0
ad” e T To) fa-yr
n-l
'.o -8
e f —— 20 ¥
n,2 1,0 - -1 n-1

The estimate of this dominant eigravalue is

. -{'-,,., “ o2 (716-28)
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If either of the tvo estimstes of this eigeavalue is negative, arbitrarily
they are all set equal to the positive one.
Other estimates of . have also been used, for example

2 o,

< 2 » and (716-29)
2 “i a1 ‘i,n-z’
i

o0 - xi,n-l)

;n.J'

Lix  -x
i

I
. i,m i.n-l!

i
’n,k = : |
2 i ‘i n-1 ‘i o-2!

i

. (716-30)

It is mot practical to obtainm . in this code which allows the source

n,l
and flux values to float to an arbitrary level makiag it likely that che
numbers would exceed machine range. The value L is nov being used and

reported vhen easily calculated without data access.

An independent estimate is made of the dominant eigenvalue of the
out iteration process. The total neutron loss (absorption plus leakage)
is calculated each iteration, Ln' The asymptotic eigenvalee of the

iteration process is estimated by

L - L
T n n-1
'n "L _-L (716-31)

-

n-1 n-2
Equation (716-31) is, unfortunately, only rellable vhen most of the flux
values are either rising or falling, restricting effective use,

When successive outer iteration values of the fluxes are not readily
available, the test for a convergent process is modified. If icn! > Ecn_!, .
it is deemed not convergent. If chf < !cn-l:' the process is deemed
convergent if !cnl < 6.1 and

)
Ikn ku-ll < ‘kn-l - kn-zl or
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kn - kll-l
ku - kn-z

< 2 .

or regardless of the value of L

."n < 1.0 and either

8 <1.1o0r
- Y

0.1 <2215

Where ;'u,a is ."u.l or ;u.Z' the one assc-iated with the maximm relative
flux change. This quaiification on a covvergent process does not apply when
only one ianer iteration is dome each outer iZeration.

Together, the individual procedures act in a complicated way on the
overall process vhich displays interaction effects. Certain delays and
cycles are incorporsted as found desirable from the behavior of represeniative
test problems. These are discussed here. With line relaxation on rows,
for a problem containing R rows and P planes, R + P - | sueeps are rejuired
for the most remcte boumdary condition to propagate across the space problem.
Typically, there is a change in the iterative bvhavior vhen this nusber of
inner iterations have been done. However, it has been found that the
behavior should be assessed earlier.

Let R = NXumber of rows

P = Xumber of planes
T = Number of inner iterstions (sinimum)

e F?b-l

1 = max [Zla -9 ] (716-32)
a+l ’

L-uz[';'olamld

n
[ ]

win L, 2J)
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N=nax [J¢+2, K]

X=N+1
vhere
J is the initial delay in accessing coavergence behavior,
M  is the initial deiay in applying extrapolatiom arbilrarily,
K is the delay between arbitrary extrapolztions,
X is the initial delay on initiation of the Chebyshev acceleration

procedure.

Asymptctic extrapolatiom is delayed 5 iterations wvhenmever any action
is caken vhich would disrupt the outer iteration process preventing an
approach to an asymptotic error mode. Extrapolation itself or adjustment
of the acceleration parameters cause such delay.

Chebyshev acceleration may be initiated sooner than N above vhen the
asymptotic single error mode extrapolation criteria are satisified; a
uinioum cycle of 5 iterations is imposed as discussed later om restart
of the Chebyshev acceleration process, extended by 3 iterations from that
iteration when any of the overrelaxation ccefficients are reduced. When
initiated or restarted after asymptotic extrapolation or after the estimated
eigenvalue spectrua range has been decreased, start of the process is
delaved one iteratiom.

Testing to reduce the overrelaxation coefficients is permitted only
3 iterations following restart of the Chebyshev acceleration process or
4 iterations folloving asymptotic extrapclation when imner iteration
behavior is examined (requires 2 4 inner iterations), or S iterations
afcer these events othervise, and 5 iterations after amy prior reduction
has been downe.

When the ninisum number of inner iterations done at any grouwp is less
than 4, non-convergsnce of the outer iteration process is used as criterion
for reducing the overrelaxation factors. However, if the number of inmner
iterations done at any group is 4 or more and this inner iteration process
is deemed convergent, that overrelaxation coefficient is not reduced the
first time reduction of these coefficients i: done based on outer
fteration behavior.
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The overrelaxation factors at groups [or which the number of inner
iterations is less thia 4 say be increased vhen the others are. However,
“a for the outer iteration process (Eq. 716-29) is used in place of "¢
in Egq. (716-21), or the max (;n. ‘.2) when Chebrshev acceleratiom is done.

WUhen the sinioum aunber of immer iterations is & or more and Chebyshev
acceleration is not being done snd after the ocuter iteration cowmt sat-
isfies the set delays, if the suter iteration process is deemed to be mot
comvergent, 2ll of the overrelaxarion cwefficients are arbitrarily reduced
using Eq. (716-23). This can occur no wmore frequestly than every other
outer iteration. Jote that once reduced, an overrelaxation coefficiemt
will not be increased later, except if they are all reduced simuitanevusly.

The continmuing discussion addresses acceleration of the outer iter-

ation process.

Chebrshev Acceleration on Outer Iterations

We outline here in general the procedure implemented for accelerating
the outer iterations using the Chebyshev polynominals. This procedure has
been selected from information about experience of cthers™ in applving
the technique vith rather drastic msodifications introduced based on owur
oun experisnce With iterative procedures. A nusber of options are iecor-
porated to facilitate testing. The automatic application ot use of the
Chebyshev acceleration orocedure is made problem—dependent; it is not
alvays automatically applied, but can alvays be applied at the vhim of
the usef.

When Chebyshev acceleration is initiated (or reinitiated) the equation
applied (pointvise) is

S |
and each outer iteration after this one,

S R N ORI Y I N LN P I (716-34)

However, if !cn[ > 0.1, the result is constrained to

0.25®n* <A< -'o.Oon* .

%E. L. Wachspress, Iterative Solution of Elliptic Equations, Prentice-Hall,
Inc., N. J. (1966).
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Here n refers to outer iteration, N is the outer iteration vhen the
process is initiated, :n* is the nevly calculated flux, ;n the accelurated
fivx, and ‘u and g, are acceleration parameters. The latter are determined

as fullows. The Chebyrrthev polynominal recursion is used in the form

T ,®) = 1.0

T(b) = b
T () =20bT _ () -T ,(b).n>1,or
u-l(_b_)_ . 1
W 2™ (716-135)
Tn-l“)
Tl ® -
Mote that T *b-sb- -1 asn --,
where
2.0 - (-, % )
b e ——t : (716-36)

and 1 and =2 are the lower and upper bounds of the cigenvaiue spectrum,

respectively. Civen the above recursion, the acceleration parameters are

determined from

.. + ’—‘l
¥ 2.0- (G, +:
N - ( 7 ‘)

T (d)
4.0 a-1
S =) [Tn(b)] - 1.0 .

(716-137)

2

T“_,(b)
2.0 J-—<——~1 - 1.0; or (716-18)

Tn(b)

2

5.0 1o

X —ame - 1.0 .
A b Bl (--._-. % Y-10-1¢ .
ulz hl n

-
[

(1.0 + (“) {1.0 - 0.9 (uz + u')l - 1.0 . (716-19)

TV R DTS
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Consider the acceleration Eq. (716-34). The new estimate of the
flux is obtained by applying the iteratiun matrix

=M

n-1
on ==+ t‘n) n- t‘u] 0n-l M L (on-l - *n-Z)
Define the error En = é. - On' and since Ho. returns ¢ _
En =l fn) H- fn] En-l * . (En-l - En-Z) )

Consider that asymptotically fn and s, become constants, and assume that

an error vector dominates,

B ZAi"i ias ’

i

and that this error vector must be driven by the dominant one of the

iteration matrix,

M- .

These assumptions lead to

ue- (1 + £ - fn] ot sn(l -u)=0.

Given an estimate for u when the Chebysi.ev process is in use, an estimate
of the dominant eigenvalue of the fteraticn matri: (and hence the upper
limit of the spectrum of eigenvalues needed to seio~t the Chebyshev para-
meters) is given by
. u? + “fn +g (1 - )

uil + fn) - (716-40)

We seek the smallest value of u for maximum acceleration,

pe I+ 0N -f+g) [T+ O -f +gl? -~ dg } )

Note that for f = g = 0, uw = \ as it should with no acceleration,
The values of f and g are relared ti-ough the polynominal equations

for Chebyshev acceletration by

A+ a |
By © € - ( 2 ) (l +fn) !

1
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where a is the lower limit of the spectrum. Assuming that A is known,

4
u-it(‘—-;—-‘!)(:+f)z J[(-‘—%E)uq»f)] —6f+2(x+a)(l+f)}

The largest value of u can be reduced to a point by increasing f, but

further increzse in f causes it to have an imaginary component. This

occurs when
2

[(————*;’)(14»{)]—4f+2(-\+a)(l+f)'° » and

B = (A—%—g) (1 + §) , or from above,

1+f.(Tf-T)T[z-(x+a)-zﬁ1-a)(1-x)] .

the smallest value selected, and

1
sy y [z-(“a)-z/u-a)(l-x)] . (716-41)

Asymptotically, we expect optimum Chebyshev acceleration of an iterative
process having a dominant eigenvalue A to have a dominant eigenvalue b.
An estimate of u from the behavior of a problem may be compared with this
ralue to assess effectiveness. Note that if 1 were known and the lower
limit were zero,

4y
A - .
1+ 2u+y

It is of interest to examine the gain in the rate of error reduction

with Chebyshev acceleration (as;mptotic optimum). Values of u and A are
compared on the following page (a = 0). In practice we have found that
theoretical gains are not realized in typical application, possibly due to

the actual distribucion density of the eigeuvalues.
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No Acceleration Optimum Acceleration
) )
0.25 0.0718
0.50 0.1716
0.75 0.333
.85 0.4417
2.95 0.6345
0.99 0.8182

If the basic iterative process reduces the absolute error by 57 each
outer iteration, the Chebyshev process optimmally reduces this absolute
error 36.52 each outer iteration asymptotically, an impressive gain.

The automated procedure for starting the Cinebyshev acceleration
process consists of:

l. Requiring the outer iteration process be convergent,

2. Requiring the inner iteration processes be convergent for two
successive outer iterations,

3. Requiring the maximum number of inner iterations be 3 5 (overridden
by user option),

4. The outer iteration count must exceed the imposed initial delay
(see Eq. 716-31).

One exception to 3 is that the procedure is applied when a problem has
upscattering. Another exception is the one-dimensional problem for which
the procedure is applied automatically after an outer iteration count of
10 vhen the iteration process is convergent.

Limits for the eigenvalue spectrum are selected automatically.
Initially ¥y is set to zero and

Ky = max (min (0.9, X), 0.5]

where X = i—agz-a-for one-dimensional prublems, G is the number of energy
groups, otherwise®

X = max Bo(s) - 1.0

‘e expect to use an estimate from the multigroup equations for one pcint
involving weighting of the space-dependent properties.

PRSP
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An attempt is made to obtain a detter estimate of this eigenvalue from the
iterative behavior as discussed later. When non-zero values of these
eigenvalues are supplied as input data, they are used, overriding the
above procedure.

After starting or restarting the process, a set minimum delay is
imposed. Then if the outer iteration behavior does not sarisfy the criteria
for a convergent process. the procedure is restarted with a reduced value

for the estimate of the eigenvalue spectrum limit,

- 2 .
b, = min [0.98, max (uz.o , 0.75 “2,0)1 v (716-42)

vhere u refers to the value in current use. Equation (716-42) is

appliedz;o-axi-ul of three times (each time only if the behavior does not
satisfy convergence criteria when tested), and then Chebyshev acceleration
is discontinued if the behavior is still not convergent. The process will
later be restarted if the single-error-mode extrapolation criteria are
satisfied. Whenever the upper limit of the eigenvalue spectrum By is
reduced, the old value of My is saved as an upper limit for Hys gradually
increased thereafter.

The maximum relative flux change, € for iteration m, is saved
whenever the procedure is restarted. After the set delay, if lcn[ > 1.5 lc-l,
the process is deemed to be ineffective, Eq. (716-42) is used, and the
procedure restarted, but only if Icnl > v, Icn_ll.

Given a coavergent process when Chebyshev acceleration is in use,
the behavior is examined after a maximum delay of 15 iterations, or if
t’n/fn_1 < 0.999. Either single- or double-error-mode asymptotic extrap-
olation may then be done as discussed later, and then the process is
always restarted. Also, when the asymptotic single-error-mode extrapolation

criteria are satisfied, u_ is regset to X from Eq. (716-40).

2
This new value is usad and the process restarted if
1.0 - »
0.95 < Tuaf:——JLdL-< 1.05 ’
7T 2,01
provided
UZ,O < 2,0 < 0.99999
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be lmited to 1, < 5 2= _ wvhere B = mex (1.4, 1n (2 + /D)}

vhere [ is the minisus nwber of immer iteratioms dome, except that B is
defaulted to 2.0 for one~dimensional problems. Restart is not dome vhen
only a smll chsnge in u, occurs,

0.99 (ra—:——'— <1.01 .
. nz.o

This last test is not applied when asymptotic extrapclation is dome causing
restart, normally allowing uy to be adjusted. Also, if the test on

successive iterate estimates of ., “ fails, then the new value used is
-y

Hy ® “"Z.n + ""2,0) . (716-43)

Asywptotic Extrapolation

When the iterative behavior of a problem indicates that un asymptotic
mode has established, an extrapolation is done on sets of the outer
fiteration flux values.

Cmsider the outer iteration problem in the form

1
a+ 1" (Gn + P xl")*;n . (716-44)

or i{n the alternative form

. 1 :‘e ~ an
‘n 4+ 1 (Gn + K xl’)¢n +( - ).l'en . (716-45)
e ne

Note that an error from the estirated value of the multiplication factor
enters the problem directly.

This iterative process may be expressed as

S M (716-46)

where Hn is the iteration natrix. H“ depends on the latest estimate of
the problem eigenvalue, the multiplication factor for the ususl type of
eigenvalue problem or the eigenvalue of the direct search problem. For
a process which converges to a solution, the largest e.genvalue uvf M must

tend to uuity; the operatfon M_9_ must return 4.

t
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It is amsumed that the outer iteration [lux vector can be expsnded
fat. a set of lioearly i{ndependent error weciots,

[

% a is a residwal error (associated uith the eigenvelue estimate), hope-
*

192

- A +D . {716-47)
on . -j] l ‘..

fully small and decreasing as n increases. The aj is diagonal, a constant
for each composent of : associated with some previous state of the problems),
and the "ol represent eigenvalees of che error vectors. eigenvalues of
ihe iteratfon matrix Hh.

The siagle errcr mode extrapolation procedure [. Yased on one error

yector dominating, asymptotically
X -a - a . (716-18)

whete 3 is a2 constant and . the cigenvalue of the dominating crror vector.

This recursion relationship virlds the expression for the eigenvalue

3 - ' (716-49)
i .n‘l H .ﬂ-z

and the extrapolation equation

X " X PO T X! : (716-50)

where

Alternatively, [terate values spaccd two iterations apart may be

used by properly determining the extrapolation factor. At the ctime this

is written, we use

X s X + g(X - X (716=-51)
n i,

n i.n-l’

where
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The dependence of the extrapolation lactor (for Eq. (716-53) is
showm in Fig. (716-3).

Thus, the asymptotic single-error mode extrapolation procedure
uses information from three succeediug outer iteration flux values to
give a single factor applied to the most recent flux values and those
from two outer iterations back to drive the iterate estimates toward
an apparent solution. The scheme is used to elininate an error vector
vhich dominates asymptotically, or one wt.ich dominates at any stage of
the calculation.

Of critical importance are (1) determining when one error vector
dominatys, and (2) producing a good estimate of the eigenvalue »f the
dominating error vector.

The single-error mode process is restrafned A maximum value for

b ef 75 is used. Until !:n-l: < 0.01, an imposed restraint (preventing
negative flux values) is
Ki -
0.25 < — + 4.0 .
X
i,n

vhen the ainisum number of inner iterations -« 4, or

0.1 < x—‘-'—'-< 10.
i,n

otherwise.

The asymptotic two-error-mode extrapolation procedure procedure is
less clearly defined. Basically, it is assumed that the composite error
vector is given by

X - Xi

{,»

n bn(xi,n - xi,n-l) M qn(xi.n-l - xi,n-Z) : (716-52)

This recursion relationship leads to the equation

9n -1
5, (1.04b 4+ =) b .+ - ’ (716-53)
n n-
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vhere “a is defined above. At som stage in the calculationm, it is
assumed that the individual error vectors contribute in such a way that
the values of ba and q, are nearly independent of the outer iteration n.
When so independent,

G -

q = “a-1"n-2 ‘"a " “n-1 .
n ;a_z(l.o - ."n-l)‘ - ;.n_l(l.o - .u)(l,o - ’u-") H

i.0 - ] (716-5%)
i “n-1
“n bn -
b e a-1 ]
o 1.0 - ¢
n

dNote that a test for significance can be made on the denominator of the
equation for 9, In any event, q, " 0 defaults the equations to those
for the single-error mode.

The asymptotic two error mode excrapolation equation is

X o= % +b (X -X ) + q (X - X

= Ti,n N Tiea-l ¥ n-1 7 X 0-27 0 (716-55)

applied to each flux value. An attractive feature of this procedure is
that the eigenvalues of the two dominating error vectors may be a complex
conjugate set. The rather indefinite state of the contributions from the
individual error vectors which are required for the procedure to be
effective is a distinct disadvantage.

The criteria which are used to assess error vector dominance include
that the outer iteration process be convergent, Ienl < 10, and bn.s < 10.

An asymptotic single-error mode is judged to have established when

b < 0.99999 ,
oo -
*n “nrll « [un-l un-ZI R
1.0 - &
-1
0.5 < iTETTTTfL'" < 1.5 .
| n~-2
b
0.95 < =< 1.05
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wvhere
“n
b " T0-. .
fa
1 1.0 - 1.0 - .
and that eitner 0.75 <« ————F— < | .25 or 0.90 < ———2 < 1.10,
1.0 - _ 1.0 - ¥
n,a n
and 9.1 < =2 . |5 vhen Equation (716-27) is used, where cn.a 18 that
“n

*
value of “a.l °F “a.2 associated vwith the maximum relative flux change.
] L J
First priority is giwn to the double-error mode srocedure, applied

vhen the following criteria are satisfied, using values from Eq. (716-53),
- < 0.99999
n

bn +tq > 0

b + g4
0.8 - BB .}.2

e ]
bn-l + qn—l
'p_ ! < 1000
n

nbn-l >0 '

In addition, a new value for bn is obtained from

q

’ 1
b B — b +
n Y n-1
n

and the extrapolation is done only if

n-1 _ a, - '“n} (716-56)
n-1

b ]
0.9<-_<¢1.1
b

Then bn is used instead of bn' Default s to the single-error mode
procedure, applied when its criteria are satisfied.



716-38

The same restraints are applied to the flux values as for the single-
aey! > 0-00L.
Extrapolation is allowed only after the inftial set delay in outer

error-mode process, but asow oanly wvhen fe

iteration count, and after the set delay following any major change in
the process, as vhen extrapolation is done, or parameters are changed as
discussed 2arlier. Othervise, the procedure involves a continuous check
on the iterative behavior for comditions allowing extrapolation. Upon
extrapolation, the overrelaxation coefficients are not permitted to be
adjusted for the set delay of 5 outer iterations; vhen the Chebyshev
acceleration process is used, it is restarted vhenever extrapolation is
done.

Superimposed on the above procedure is sm arbitrary scheme. A fixed
delay initially (and after asymptotic extrapolation is domne) is imposed,
see Eq. (716-32), then the procedure is further delayed until the outer
iteration process is convergent and the inner iteratiom processes are
convergent for two succeeding outer iterations. When the Chebvshev
acceleration process is to be done, the above fixed initial delay is
not imposed, and the procedure is applied only at that stage of the
calculation when Chebyshev acceleration is initiated, convergent processes
required.

Equation (716-30) is applied to the space problem at each group, as
well as to the o'erall problem, producing estimates of ;:n(g). I€ all
'-“(s) < 0.99999, extrapolation f{s done in the singe-error-mode sense,
applying Eq. (716-51), constrained such that b < 75. If the Chebyshev
acceleration procedure is to be initiated, the new estimate of the upper
limit of the eigenvalue spectrum, unless user supplied, is uy = lln(0.9.un).

At the time the first asymptotic extrapolatiom is done, thr number
of inner iterations at each group are recalculated if the minfmum is
24. The adjustments are made to attempt to get the same error reduction
for each space problem. C(onsidering that the rate of error reduction

(asymptotically) each inner iteration is approximately un(s) —l"“, the

1(g)
number cf inner iterations is recalcnlated for each group as (truncated)
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Xl (g)
1 ..(8) _n .
n+l - i“’n(3) + 0.5 . (716-37)
restrained to
4<1 l(g) < max ln(g) .

vhere

1
I“(g)
X= [-ax ln(g)] «n | max n(g)

and u“(g) is determined at each group by Eq. (716-30).

If any un(g) > 0.99999, extrapclation is not dome and the overrelaxation

coefficient for that group is reduced.

It is possible to do simultaneous Chebyshev acceleration and extrapo-

lation, by redefining the Chebyshev acceleration parameters to
f'=b+ (1.0-b)f
n 0

1 ]
an-(1-0+b)sn+q .

Experience has shown that effective extrapolation is possible only

when the Chebysh:v process is under-accelerated, as expected theoretically.

Estimating the Eigenvalue

After each outer iteration, each full sweep of the mesh points, the
eigenvalue is estimated from an overall neutron balance.? If the point
neutron balance equations are summed, the scattering and internal leakage
terms cancel leaving only production, surface leakage and absorption

(plus buckling and internal black absorber loss) terms. Therefore, for
the usual eigenvalue problem,

o

n
kn = 1—"— (716-58)

L aExcept as noted later.
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vhere Pu refers to the total pneutroa production rate, and Lh to the
neutron absorption rate plus the surface leakage rate, each determinmed
for outer iteration n. This estimate of the multiplication factor is
used the next outer iteration except vhen outer iteration acceleration
is done.

In the event that the sua of the distribution function for source
neutrons is not unity for one or sore 2omes, then the totals must be

applied to the total production rate,

Pa 'Z\'Z(Z‘:f.z.z :z.s)zxz.s' : (716-59)

Calculations of the losses to intermal black absorber regions, in-
leakage from adjacent regions, presents a bit of a problem. To awid a
significant cost in computer time, this contribution to the overall
neutron balance is approximated as a calculation procceds, which inwolves
use of all the latest point flux values available, but some point flux
values have not yet been recalculated for the last inner iteration. The
effect of this approximation has been found to be insignificant for usual
situations where the total black absorber contribution is a small part
of the total neutron losses.

For the adjoint eigenvalue problem, the scattering terms do not
cancel. Therefore, the overall neutron balance equation is greatly com-
plicated, and it would be expensive in computer time to apply an overall
neutron balance. So when the associated adjoint problem is solved after
a regular problem, the available estimate of ke from the latter is used.
When done alone, the simple estimite from source ratios is used,
kn-l Pn

kn n —-P_ . (716-60)
n-1

This formulation {s also used when solving the consistent P, equations

1
and when Chebyshev acceleration is being done (without criticality search)

using the accelerated flux values.

P
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For other types of eigeavalue problems, the direct searches, the overall

neutron balance vields an estimate of the eigenvaive,

(716-61)

vhere the nev terms Aru and LAn are productions and losses associated
vith the changes introduced through the search parameter. Generally a
3 of zero means none of the material to be adjusted is added to the sys-
tem; the exception is the buckling search where the specified buckling
term is initially included in the equation constants, so the search is
done on the changes to it, zero A meaning no change.

To avoid trouble with initial error modes, a change which is less
than that indicated by Eq. (716-61) is introduced during the early itera-
tions. Let ** be the value calculated from Eq. (716-60) and kn-l be the

value used the previous iteration; the formulatfion used is

Yt ln-l +C (x* - ln-l) ’ (716-62)
where Cn is initialized at a small value, say 0.1, and is doubled after
each time it is used untii it exceeds unity., after vhich the estimate of
x» given by Eq. (716-61) is used directly. In the event thaz the system has
a very low multiplication factor, Eq. (716-61) tends to be an overestimate;
therefore, if kn/ke < 0.5, where kn is determined from Eq. (716-58), the
factor <. of Eq. (716-62) is not increased, nor is it increased during the
first few iterations if 0.95 < kn/ke < 1.05. Other techniques have been
used, as to dampen oscillatory behavior. However, it is quite important
that asymptotic extrapolation be allowed; this requires that the detailed
trcatment of each iteration bc identical, after the early history, or
extraneous error vectors will be introduced.

Special care must often be taken when the iterate estimate of the
search problem eigenvalue is negative. This causes a negative contribu~
tion to be added to the absorption at a point, decreasing the diagonal

dominance. Thus, for a subcritical system, one Laving an associated k
e

- | - [y
e Y T S S T e vam e e e e e A . m - e el R Y . -
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considerably less than unity, the solution for a desired ke of unity of

a reciprocal velocity search involves a negative value of A. At solution
the negative absorption contribution from the A(1/v) term wmay exceed that
from the sum of outscatter and absorption, even at solution. During the
iterative process, if not controlled, negative point flux values could te
obtained. The *:chnique used for control is to determine those values of
i which cause the total removal term with amd without the diffusion
coupling terms to be 2ero. Then rthe iterate estimate of A is allowed

to wove only slowly from one value to the other, and no negative point

flux can be obtained.

The Indirect Search

Consider that the results are available for twv succeeding probless,
namely, the multiplicaticn factors associated with two conditions repre-
senting different contributions f: m the search parameters. Then use is
made of the formulation

Ck
1
C2 -k

.
AT

(716-63)

where Cl and C2 are constants to evaluate, k is the multiplication factor,
and ' is the search problem eigrnvaive. Equation (716-63) is assumed to
fail if iczl > 10 ¢s calculated, or if the estimated search eigenvalue
exceeds efther of the first two values. In this event, a linear approxi-

mation is used which gives the new estimate,

k, - k
.- 4 4i-1 -
\i+l x..i + (ne ki)/[ki —~ xi-l ’ (716-64)

where ke is the desired value of the multiplication factor, often unity,
and i refers to the index on the eigenvalue problem loof.

A third eigenvalue problem is then solved. Given three states and
the associated values for the multipolication factors, the formulation

used is

Clk

eyt 6, - % , (716-65)
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vhere Cl. Cz, and C3 are constants to evaluate. Again significant results
are required, or Eq. (716-64) is used in default.
To allow old results to be used, an estimate is made of the change

in multiplication factor with change in the search eigenvalue

k., - k

k i i-1 -

X I ..li (——_R. . ) . (716-66)
i i-1

Qo

and the las: significant value of this derivative (calculated during the
process of an indirect search) could be made available if another search

problem of the same type were solved.

The Fixed Source Problem

A special aspect zust be considered if the prccedure for solving
fixed source problems is to be effective. Given a fixed source, there
is an associated neutron flux level, provided there is a solution. This
solution may be far away from the conditions used to initialize the
problem. Quite generally, that error coatribution which is hardest to
remove is associated with the flux level being far from solution.

To remove this major error contribution, the source is scaled during
the iterative calculation. After each outer iteration, an overall neutron
balance is used to estimate the required level of the fixed scurce,

Pn + hnso = Ln ,

L -P (716-67)
n n

h =-2—-12
n
(V]

where Pn is the fission source rate, Ln is the loss rate, and So is the
total fixed source. The factor hn determined above is a multiplier on

the total source,

So, n=20
5 = (716-68)

n+l hS ,n>0
\ no

and therefore on the individuai components of ft.
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Upon completion of the problem, the solution flux values are scaled
to give the solution associated with the specified fixed source. This
procedure applies in any situation vhere there is no feedback into the
problem. XNote that the procedure allows the source to go negative if so
calculated as necessary. The result of a cilculation may be that a
negative source is required for the situation presented, and this is
generally deemed not acceptable.

For the fixed source adjoint problem, Ln in Eq. (716-67) is replaced

bv a constant to fix the total source based on initial conditions,

Lo=P + Sol%]1 . (716-69)

104s_
o

Outer Iteration Acceleration Estimates

When acceleration is done (on an outer iteration, Chebyshev or extrapo-
lation), a new estimate is obtained of the problem eigenvalue. The neutron
productior rate and the neutron loss rate (absorption plus surface leakage)
for the overall neutron balance are accelerated individually, given by the

general form,

Pn Pn + fn(Pn Pn-l) + gn(Pn-l Pn-Z) *
. . (716-70)
Ln * Ln + fn(l‘n - Ln-l) + gn(Ln-l - Ln-Z) ’

where fn and g, are the parameters used to accelerate the flux (b and q

in the case of extrapolation). The accelerated values are arbitrarily

left at the calculated values if the acceleration would produce a change

of more than 107 in the production rate. Acceleration of these quantities
causes the current estimate of the eigenvalue of the problem to be modified
in applying the equations discussed above. However, a restraint is added
when Chebyshev acceleration is done to prevent oscillation behavior. The
accelerated value of the eigenvalue of a problem (the multiplification

factor or the search problem eigenvalue) is not used if it does not represent

forward driving from the neutron balance values if
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k -k*
n n
CF T x <0 .

n n-1

kn* is used and the last term in Eq. (716-7C) is eliminated the next
iteration. Once this is done, extrapolation is not done on k thereafter.
(The automated procedure causes k to bz determined from total source

ratios vhen Chebyshev acceleration is done.)

END OF SECTION
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Section 718: Initializatiom

Prior to iteration on the newtromics problem, values for the flux
aust be assigned at each point in spece and emergy. Certain perameters
are required for the iteratiom procedures. The initislization procedures
are discussed here.

An existing set of the flux values may be available for wse. It
could be the solution for a similar problem. Situatioms are knowm for
vhich seeningly small chasges in a system csuse the solution for another
problem to be a pocr starting point, as vhem control rods are repositioned.
Howewver, cousidersble reduction in computation time is associated vith
use of the previcus solution to start each problem for discrete step
depletion caslculations. The capability is imcorporated to perform a
linear interpolation of the flux values wvhen a finer meshpoint descripticn
is presemted; this expansion from a coarse-mesh result is appropriate
only if the number of meshpoints has been increased regularly along any
one coordinate (for example, doubled across the board, or each tw re-
placed by three).

To effect a reasonable initialization, the basic procedure selected
is use of a cosine flux distribution along each coordinate direction, and
satisfaction of the point neutronics problem for the macroscopic cross
sections of the zome located at the point where the boundary conditions
indicate the flur is near maximm,

+(g.r) = A(g) B(x) C(y) D(z2) ’ (718-1)

vhere ¢(g,r) is the flux guess for energy group g and space locatiom r,
A(g) is deternined from

T(g) A(g) = X(g) + 2' 5(g') A(g") ’ (718-2)
8
vhere T(g) is the loss terms for the growp including a buckling loss
associated with '21 = 0.01; x(g) is the fission source distribution (i.e.,
a unit source distributed), and S(g) is the inscattering cross section.
B(x), C(y), and D(z) are determined for the individusl coordinate direc-
tions by the relationship, typically
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0.8- (X - X))
_— ) (718-3)

B(x) = cos [—“——— 3L

Values of xo and L depend on the boundary conditions for that space
coordinate as shown on the following page:

Boundary Conditions

(leftr, Right) L X
Reflected, Reflected*® {Not used) {Not used)
Reflected, Extrapolated®* width 0
Extrapolated, Reflected width width
Ertrapolated, Extrapolated half-width half-width

*
or repeated
ak

non-return or zero flux

Of coursz, at the user's whim, all flux values are initfialized at a
constant or a data file supplied will be used. It is planned to implement
2 wmore sophisticated initializatfion procedure to reduce the cost of

solving the larger problems.

The adjoint flux values are initialized at those values available
for an associated regular problem; point values over space for all energy
groups are set equal to the point values over space for the first energy

grouwp of the regular problem.

The overrelaxation coefficients are initialized at values dependent
on an estimate of the next-to-largest, in magnitude, eigenvalue of the

iteration matrix, o(g).
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2
1.0 + +1.0 - ::-(;)2 "

ROR (718-4)

Along each coordinate direction, an “ideal™ eigenvalue is deterwmined
for a uniform mesh homogeneous problem,

B
Aj = cos {.jsj} ’ (7118-5)

Jhere j refers to a coordinate direction; .j is the number of mesh inter-
vals; and ay depends on the bowmdary conditions: 1.0 for zero flux or

non-return (extrapolated) boundaries associated with this coordinste,
2.0 if one boundary is reflected, or 3.0 if both are reflected, but 1
is then set max (xj,

b
0.995) except for the first coordinate direction,

For line overrelaxation along the first coordinzte divrection, the
"ideal” eigenvalue is estimated as

:)

l"“'.—‘_

J
2 5 (718-6)
L J-¢

1

where J is the number of coordinates, 2 or 3. Kote that for the one-
dimensional prublem with line relaxation, AL = 0, the o timum overrelaxa-
tion coefficient is unity, and overrelaxation is not done.

Based on experience with problems involving from few to many energy
groups, ), is arbitrarily reduced as follows. The number of inner itera~
tions is estimated at
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. 2.0

L . 0+/10< A

-A
X = min * m. m[l-o) ln(;‘L - l-o)]; ®

vhere A is 1.5 witbout upscatter, 0.8 vith upscatter; if X < 4, it is set’
to & vithout upscatter or ome if oL < 0.9 or vith upscatter. If the
nusber of inmer iterations is specified in the user input, this value is
used. Then, the eigenvalue @ is adjusted:

G+ 45X + 10
b-ux%l.o. ain [5.0.-“4_ll ]* .

vhere G is the aumber of groups, and

i =P . (718-7)

To allow for dependence on the relative magnitudes of the leakage
constants and the total loss term in the finite~difference formulation,
an internal mesh point locstion i{s selected where the product of the
volume and vtf is largest, and the estimste of the eigenvalue is adjusted
by

o(g) = max 0.75. h (718-8)
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where Cl, 1(;) is the total loss coastant (the finite-difference-elemsnt
volume times the total cross section for outscatter and absorptioa plus
the buckling loss term, mesh point i, and C.' 1(g) refers to the leakage
constant associated vith a surface of the element for that energy group.

The eigenvalue estimates obtained from Eq. (718-8) are arbitrarily
adjusted as follows

ﬂn{c(s)} ’
b=1.0 -‘FT-_{: ,

c = max o(g) »

C, c>b

{i(-‘«c'l'b).céb ,

Then only if a < b,

c(g) = b + [: - :] [ - a] . (718-9)

The number of inner ifterations required to effect a particular error
reduction is estimated. Consider that a number of inner iterations has
been specified; this number is used for the group = where o(m) is a
maximum and the number of fiterations at each of the other groups is
calculated (unless the speciiied number is < §) as

in[f-o(l) - 1.-')]
1(g) = max |4, -in{JO, 1+ N in[ﬁo(g) ~ 1.0*]- » (718-10)
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(except that all I(g) sre set to umity if max p(g) < 0.9), and used
unless overridden by user option. When a value of K is not supplied, the
value used is

x-ux{a, 1.0 - A }

l:_(m) - 1.0] ’ (718-11)

vhere A is 1.5 without upscatter. With upscatter A is 0.8 and if the
maximum number of inner iterations for amny group is 4, they are all set
to unity.

In the multirow and omltiplane modes of data handling, there is a
maximus number of inner iterations which can be done for a given amount
of data transfer. By user option, the number of iterations done at each
energy is arbitrarily rounded up to cause the maximm amount of calculation
relative to data transfer, but this is not the automated procedure and
may not be superior to the automated procedure,

It is planned to perform iterations on a one-dimensional problems
selected from the mesh. The sulti-group result can be used for initiali-
zation of the flux and inner and outer iteration information developed
which may improve the starting points for both processes for the whole
problea to be solved. Evaluation of the potential of the Chebyshev pro-
cess (over single—error-mode extrapolation) appears possible.

END OF SECTION
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Section 720: Reliability of Solution

A solution obtained by an iterative process is generally not entirely
converged. 1t fs uneconomical to satisfy tight convergence criteria.
Therefore, the user relaxes the criteria to the extent possible which will
still cause the result to satisfy the particular needs. Unfortunately, a
simple measure of the reliability of a solution is not direct.y available
from the iterative results. A satisfactory measure of reli-bility is,
however, of critical importance.

If the inner iterations were continued enough times, the flux ¢n+l
in Eq. (716-1) would satisfy the relationship in Eq. (720-1) provided there

were no upscatter:

. 1 .
‘ot T Repn * . XF ¢, » or (720-1)
(I-R ¢ ., =As . = xF,

n+l ntl k n °

The process could now be written as

?n = xr;n »

" -l

¥n+l . M Tn .
n

Under this condition, bounds on ke can be identified and calculated as
simply the maximum and minimum ratios of the source, components of vy,
between outer iterations, times kn. Use has been made of these bounds,
especially in the PDQ series of codes.? Unfortunately, the bounded range
tends to be wide at low levels of convergence, and relaxation of the inner
iteration convergence destroys the proof that the estimates aie bounds.

Only with a relatively large number of irner iterations does one have

8Cadwell, W. R., WAPD-TM-179
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assurance that bounds have been identified. The optimum number of inner
iterations for problem solution, ccnsidered here to minimize the computa-
tion cost, may be far fewer tnat are required to insure that bounds on

the eigenvalue are established. Thus, we seek an alternative measure of

reliabilicy.

The Maximum Relative Flux Change

The iterative process, Eq. (716-1), may be described as

s e, (720-2)

where the flux vector from cuter iteration n is operated on by the itera-
tion matrix Hn to generate the new estimate. The iteration matrix M is
iteration dependent because it contains the latest estimate of k . Bounds
on the largest eigenvaiue or spectral radius of M can be calculated.”
Consider the set of components of the flux vector : to be Xi, and the

elements of M to be aij' Now cunsider the new matrix formed of the elements

X.
b.. = a_. -
il ij X
1
-1

The new matrix is the result of performing the operation P MP; therefore,

it is similar to the matrix M and has the same eigenvalues. The spectral

radius of this new matrix is bound by the maximum and the minimum of sums

along columas or rows. The sum along a row is simply the ratio of flux

values at one point between outer iterations. Therefore

X, X,
min (i-‘-'-“——) <54 ) < maximom (-x—hl‘——) . (720-3)
i,n-1 i,n-1

Since p(Hh) must tend to unity, an indication that the iterative process

is convergent is that

€4 0l le Lo (720-4)

son 1

“Due to M. L. Tobias, unpublished.
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where

xi n X n-1
¢, | =|max] —tg——2 . (720-5)
Yo ie-1

f. There is not a one to one corre-
| ]
spondence between bounds on kn and on p(Hn) because of the way kn appears

Further, c(Hn) is bounded by 1 2 |¢

in M. However, a reasonable estimate of the probable unce:stainty in kn is

k. ( :g:.'ng) . (720-6)

Ocassionally, a result falls outside of this range, so it should be inter-
preted as an approximate bound, perhaps twv standard deviations. In-
creasing the number of inner iterations generally increases the reliability
of this bound, excluding the upscattering problem.

The VENTURE code tests C;,n against a specified convergence criterion
as the primary way an acceptable solution is identified and the iteration
process is discontinued. Thus, if the estimated k is desired to within
0.01 percent, the criterion on the convergence of the point fluxes should
be 0.0001. Quite generally a value of 0.00005 is recowmended for wide
use, a smaller value when necessary, and a larger value for situations
vhere a lower degree of convergence is acceptable.

At the time this is written, it appears that the penalty associated
with reaccess and/or storing away a copy of the iterate flux set for each
iteration as necessary to determine the maximum relative point flux change
is not justified. As an alternative, each re-evaluated point flux may be
tested and the maximum for that inner iteration determined. Thus, at one

energy g, outer iteration n and inner iteration m, we calculate

X
r = max i—£424!~ » and
| SLLN i,n,m-1

X.
Eontom xi,n,n—l

by group g for outer iteration n, inner jteration m.
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Then over the inner iterations, taking

Pen ™ & “gan,m » and

als »
q‘nn m Sn,m

and finding the maximun over ali g,

I ! .

W = max - -1

n ! t (Pq'n 1y qs,“ ) »

Iy | ! !

€ .

Ian 2| ‘.}'nl

Thus the convergence pruperty tested by ¢, n is also tested by LA
iy
Experience with its use indicates that gunf > e, ni during the early
re

iterative history, but usually approaches its value by that stage of the
calculation when the convergence level is low enough to terminate the
process.

It should be noted that the discussion atove is directed at the re-
liability of a solution regarding the error due to lack of convergence
of the iterative process, not the error associated with the finite-
difference approximations, the use of diffusion theory, or the discrete

energy group representation.

The Residues Estimate

An independent measure of reliability is also available unless over-
ridden by user. The value of the multiplication factor is determined
which minimizes the sum of the squares of the residues of the point
neutron balance ejuations cast in the form of actual reaction rates. The

residue Ri is defined as

R, =-—F, +5 ~-T ’ (720-7)

o A M D T
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where Ri is the residue which would be zero if the problem were completely
converged, Fi is the associated fission source, Si is the in-scattering
plus in-leakage term, and Ti is the total removal and out-leakage term.
Each of the above terms is evaluateu with the solution flux vector com-

ponents. Summing equations and determining

2 s . .
ak R,©=2 ZR' ak_ 0 »
z F.2
1

(720-8)

Experience has shown the residues estimate of the multiplication con-
stant to be quite useful, especially when a problem solved has an unfami-
liar iterative behavior. If the residues estimate differs markedly from
the value used in the iterative process, then the problem is not converged.

The analyst waats to know the best estimate of the multiplication
factor for a problem, especially of concern when convergence criteria has
been relaxed. Results from a wide range of problems indicate that tte
residues estimate is often not superior to that from the neutron balance
used in the calculation. We suggest simply averaging the two values.

In some situations, even the residues estimate of ke wili not reflect
lack of ~onvergence, one case being that where over much of the system
the flux is quite flat. The point neutron balance equations are used at
each space-energy point having fission source to yield independent bounds

on k
e

(720-9)
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and maximum and minimum values of kb are determined as bounds. Unfortunately,
in most situations there are locations where the magnitude of Fi is small
relative to Si, due either to small values of the macroscopic production

cross sections (vEf) or a small distribution factor, causing the bound
estimates to be uselessly wide. For more useful estimates we restrict

the test to locations and energy groups where FiISi > .00001 if Si > 0.

Since Si is zero for the first energy group, all of the first-group equations
are considered. A user must rely on experience in assessing the results

of such tests.

The Absolute= Error

The responsible analyst must have som: concern for the absolute
error possible in a reported solution associated with lack of convergence
of the iterative process. Certainly the iterative change in any integral
quantity must be small if the absolute ervor is small. However, the
multiplicaticn factor calculated for two successive iterations may be
nearly the same and vet differ considerably from a proper solution.

An indication of the absolute error is available from reported
estimates of the eigenvalue of the overall iterative process which dom-
inates asymptotic. See Section 716 for further discussion. When in
this asymptotic mode, this eigenvalue i is related to ihe iterate point

flux values by

e , (720-10)

where n refers to outer iteration, and

X_ - Xn
e . (720-11)
- n-1
Thus, . is a direct measure of the absolute error reduction each
iteration. Further
X_ - Xn "
XX = - H (720-12)
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that is, an estimate oif the ratio of the absolute error to the iterative
change is given directly. Given the maximum relative flux change, €.

the absolute error in the local flux is

X -X X -X ,
L t =) . (720-13)

Since the procedure of calculation attempis tn make use of this
information and apply asymptotic extrapolation, reported values of u each
iteration have limited utility. However, asymptotic extrapolation is
only done whten it appears that an asymptotic mode has developed. Thus,
the estimate of ; at that point in the calculation is of interest,
especially so if the extrapolation was cffective as indicated by subse-
quent values of € being considerably smaller than before extrapolation.
In applving Eq. (720-13), the largest eigenvalue of the iterative process
should be used, not 2 smaller one associated with the dominating error
contribution at any stage of the calculation, nor any unusually large
estimate of it. MNote that we recommend use of the factor ‘n' which makes
a primary contribution in Eq. (720-13), as the primary uscr contrel for
termination cf the iterative process. Tests on the iterate estimates cf
the eigenvalue of the problem (the multiplication factor or search problem
eigenvalue) are unreliable at best, especially when acceleration schemes

are used.

END OF SECTION
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;: G, (=)
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<here l-'. refers to a macroscopic property ia regiom m,i refers to a space
Feint in geometric space and ¢ and n o frergy greups. G, Lo - fipel below.
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(w bleck boundary.
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o Hers § refars to cach ¢f the asarect pe{ghboring mesk pciats, .\; {z the
nrasl lesace ares, ang ‘i z the dirtence from & point %c the spprepriate
int-rfece betwer mesh points, cs(u) is the int-rnel cr exterval black
Loupdary somstant {zee sectiom TOE). At reflecting bounderies tnere is

zeyx ccntributicn.

X = » .'.r(u)

.-

6, (n) -;ibi_ xme) o o - (7e1-i2)

€

Calculatice of & temperature cr rower coefficient of resctivity weuld be
dome dircetly from the pertis] derivetives discussed above using sdditicnal
dats,

* TSNS Rk

7 5 1°%
F-Iil -
'

where X, refers tc =ach ccntributing mecrosecpic preperty Inclulding cresc

RO e S i

c

recticns and Giffucicn constants. Tc comsider the gewersl situwatiom,

discrete changes would have to be comsjidered. Thus resomance calculatioms i
mey be cone avt tuc tempeiatures representing soms desired change, #nd the
fenerated micrececpic Sats wsed in the form: :

i

e
3,'1{,

A\ ~d4 - r.o.. o - :
=L ‘—[x'_(;:;) -x! ‘)] . i)
; :

Py

where X.(P.) refere *0 3 macrcoocric creos eeticn ietermined from ipitial
[ 4

ruciice denoitfer ang the oripinalliy syecified micrescupic crcsr rectiongg

X (P,, ref-r- tc the altered value die to Jpecified cranger in nucliice

<
.
H
-

den-itis. znc new miercooopic dats.
IMpCrTancs WmALS (VeY I3ac: EaL b o (Btalned. Timportarce” 'z ouzed
tave tc mpan the T:Rrribution cc h multiplicaticn Tactor par unit v lume

" frem cume facter, namely
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Z L () ‘t‘:

i
I, (c) = e

i v I v. ® ﬁ.
kLl i "1 %1 %
i

. (1T71-1%)

fcr the che-group situation treated mbove, where i represeats » mesh point
loraticn ané the comtribution frem compenent © to the BRCrCsCoOpic Tross
sexticn X cn = unit volume basis s shown tc be given the flux time: ad-
Joint weighting.
Prompt Reutron Lifetime

Fcr the estimmte of the prompt neulren lifetime, the weighting i of
reciprcesl neutrom velccity, Bq. 721-15 applies

;; L AL
-:Tifvigx(-.;) o:_..zv Trm®m

(721-13)

Results Produced
Civen forvard aad sdjoint flux solutions, the derivatives of k with

respect to esch mscroscopic (zome) cross sectiom are calculsted snd edited,
Egs. 721-9 throwgh 721-12 shove. No calculstions are done which require
resccess of microscopic dsta or nuclide comncentrations. The basic zene
integrals, vi’i’:' are written on an interface data [ile for further wse.
On option, pointwise jmportamce maps are edited of v:‘. t.. and vt‘ - I:..

To produce asdiitional information at the mscroscopic cress-section

level, the effects of reistive changes in the cress sections are cslculated.
Consider

r] 3 ok
e )R-t z 5 (7121-16)
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vhere [ represents a fractiomal chamge, set te wmity for the calculations
(1002 chamge). The comtributions te ik sre deternined fer aswtrem
preduction, sberrption, scattericg and tramsport and the tetal for the
common value of f mity. These resulis are edited by eption te reflect
energy, zone dependence, susmed over zenes te yield energy dependance,
suamad over energy to Tield zoms depondence, snd tetals are gemerated.

Addicienal infeormstion is pruduced te indicste the effect of
wmcertaicties at the sacrescepic cross-section Jewel. Coensider chest in
am wmcertainty semse,

T R LT |

~ and again f is set at wity. The resuits are obtained for individeal
contributions, sunmed over zemes, energy, teones and energy, and individesl

c caponents added, by wmer optiom.

et et (Y (e e s e b N
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Conclusion and Clossary

We expect this code block amd its documentation to isprowe with
time. Feed-back of informestion from amalysts applying the procedures
to general situvatioans aad quite special problems allows upgrading the
capability; it also permits the documentation fo be improwved, resoval
of errors and inconsistencies and expansion of the cowverage to further
address aad clariiy troublesome aress. Keep us posted!

The capability contiined ir the VENTURE code block is a direct
reflection of experience in nuclear reactor amalysis aad the require-
ments found over a period of years at OMIL. Several anslysts have made
direct contributions. Msthods in use have undergone 2 continuing improve-
ment wvhich has besn in part a trial-and-error process, but also benefitced
from the direct contributions of severa)l individuals, sad we particularly
acknowledge those of M. L. Tobias.

A glossary foilows wvhich is intended to convey an intended meaning
of certain terms used in this report.
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Glossary

Absolute Convergence. The difference between an estimated or iterate

value of dependent variable and its value at solution divided by the

latter, giving a direct error measure.

Acceleration. The iterate estimate of the flux values are driven in

some manner toward an apparent solution.

Adjoint Solution. As opposed to the direct, forward or normal solu-

tion of the differential equations expressing a neutron balance, these
equations are recast in the true adjoirt form appropriate to perturbation

theory (matrix elements are transposed about the main diagonal).

Blunder. That whick produced an error, more often having human

source than machine.

Convergence Criterion. The specified maximum relative change between

iterations of a dependent variabie used to terminate an inter«tive process.

Convergence Level (Relative Convergence Level). The relative change

from one iteration to the next of the iterate value of a dependent vari-
able, generally the maximum of a set when several variables are involved

such as point flux, is termed the convergence leve’.

Convergence Rate Plot. A graph of the logarithm of the convergence

level as dependent on iteration number, which is asymptotically linear
for a wide variety of problems as a solution i{s approached but fluctuates
about some value when further resolutiorn is not possible due to limited
signficant figures carried in digital calculations.

Discrete Formulation. A differential and/or integral equation in-

volving continuous functions is recast into a finite-difference represen-
tation by discretization of some or all of the independent variables. Thus
the neutron population is divided into groups, each associated with an

energy rang? over which there is no energy dependence.
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Direct Search. The search eigenvalue problem is iterated directly

tovard a desired solution without using the conventional approach of
solving each of a2 series of problems for the multiplication factor.

Eigenvalue. Root of the determinate of a matrix, often used as the
=08t positive root. Given a set of N equations for N unknown neutron flux
values, there remains one unknown in a sultiplying system; this unknown
multiplication factor is termed the eigenvalue of the problam and an
additional equation must be used to supply a complete set of equations.

Extrapolation. This term is reserved herein to mean that occasionally

a complete iterate set of flux values are driven to a new extrapolated set
for use in the next iteration; driving is generally in the direction of
the individual changes between the last two iterations and is based on

the iterative behavior over three or more previous iterations.

Fission Source Distribution Function. Iln the discrete, multi-energy-

group representation, neutrons produced from th:e fission reactions at one
geometric location are summed and the total is tien distributed in energy
by this distrikuton function.

Flux. Neutron flux is neutron density times speed. Sincc flux riwmcg
cross section gives reaction rate, flux is total track length per umit

volume.

Foot-Draggers Disease. This expression is reserved for the situation

where either a poor arrangment of the terms in equations or the ordered
sweep of the equations causes slow rate of convergence (per Tobias).

Inner-Iteration. Several sweeps are made of only part of the whole

problem, generally over geometric space at one energy; the process is
continued until a set number of immer-iterationc on this partitioned
iterative problem is reached, at which time the calculation proceeds
to the next partitioned jrobliem for iteration. Only after a complete

. L
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sueep has been made of all the space-energy mesh points is an outer-
iteration cowpleted and 2 new estimate made of the eigenvalue of the

problem for use in the next sweep.

Line Relaxation. The equations for the flux values along a row of

points at one energy are solved simultaneously (a forvard-backward sweep
to solve a tri-diagonal matrix with sisple coupling); source terms are
held fixed as are flux values along adjacent rows.

Material. A material is considered to be homogeneous and have
nuclear properties which are proportional to individual nuclide den-
sities and additive in the usual sense. See Zone.

Outer-Iteration. A complete sveep of the mesh points; that is, the
equations for each unknown flux value have been solved, individually, aL

least once (more than once with immer-iteration).

Overrelaxation. The newly calculated value of each dependent

variable is driven in the direction of the change between iterations to

acrelerate the iterative process, and these overrelaxed, iterate values

of the flux are used at latest values during an inner- or outer-iteration.

Predominant Error Mode. Contributions io the error in iterate flux

estimate are dominated by one or two error vectors, usually those having
the largest eigenvalues. Contributions from the others have decayed
and therefore have but little influence on the changes in point flux

values with iteration; they tend to move in a single mode.

Production Cross Section. This is used to mean the product of the

cross section for fission and the number of neutrons produced by the
fission reaction, either in a macroscopic or a microscopic sense, e.g.,
viI Pl (z f).

Sy



Rate of Convergence. A measure of the rate of approach to a solu-

tion: often the reciprocal of the number of iterations (computer mesh
sweeps) required to reduce the relative flux change by a factor of e

or to reduce the absolute error bv a factor of e.

Regiva. A volume containing mesh points which are located at the

geometric centroids of finite-difference volume elements of equal volume.

Removal Cross Section (Z;). This is used as the sum of all cross

sections for removal of neutrons from the emergy of interest including

absorption (sink) and out-of-energy scatter.

Residue. The equation used for solution of an unknowm (point neutron
balance) is rearranged with all terms on one side and the rasult obtained
by use of current iterate estimates of the unknowns is called here the
residue of the equation for the iterate set. Weighting is arbitrarily

on true volumetric reactions.

Slab Gecmetry. This refers to the cartesian coordinate system with

crthogonal axes (one-dimensional slab geometry has symmetry in two dimen-
sions as would be the situation if conditions were uniform over all space

in these dimensions).

Time, Machine. The machine time reported to resolve a problem by

iteration is the total time required for the calculation but generally
excludes that for auxiliary operations of reading data, setting up the
problems, and processing results. Both the amount of cime the central

processer is active and the total (clock) time are measured.

Zone. A volume, consisting of one or more Regions, within which
macroscopic nuclear properties are constant. A zone may contain material
(have nuclide concentrations) and additionally contain one or more sub-
zones of material having specified volumes (each having nuciide concen-

trations). |
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Appendix A: CROSS-SECTION PROCESSOR CODE BLOCK

Presented herein is primary documentation cf a code block designed

to process microscopic cross-section data. For example, it will convert
a nuclide-ordered 1SOTXS file to a group-ordered GRUPXS file as would
usually be required before the VENTURE neutronics code could be used.
Locally we call this code block CasSandraPiC. The following items are

covered:

Al.

AZ.

Al.

Ab.

AS.

Ab6.

Code Block Specifications

Tasks Performed and Order of Performance

Computer Requirements

Use of Logical Data Storage Units and Interfuce Files
Code Structure and Subroutinz Referencing

File Specifications, VERSION-III for cross sections
excluding an extended blocking of the principal
cross sections in GRUPXS, and the special code block
dependent interface file CXSPRR

et
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Code Block Specification

Code Block - Broad Croup Microscopic Cross Section Processor

Sasic Functions -

(not done)

1.

Convert a2 microscopic library order by nuclide to a microscopic
library ordered by group — going from sne standard interface
format to another. As an option, a second nuclide-ordered
library consistent with the group-ordered file may be generated.

Provides selectivity to eliminate extraneous data.

Provides flexibility to collect data for isotopes or other

mixtures as desired.

Provides for adding libraries (files) together, as well as
selecting data from two or more nuclide-ordered files.

Provides for basic integrals (reaction rates) over energy of

principal cross sections to test data.

Provides for condensation of such data as xvof(g-rg') for simple

treatment.

Provides for user input of data to override that in the library
in short, select data blocks as well as full data for additional

nuclides.

Provides at least elementary capability for converting data
from old formats.
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Energy Croups - 1 to 1,000, but fully variably dimensioned.

Huclides - 1 to 500, but fully variably dimensioned.

Legendre Order - Provision through order 20.

Library Protection and Recowery

Care and some sacrifice in efficiency is to be takem to protect
libraries. Reasonable tests are to be made to insure integrity of data.
Full recovery is normally possible when old libraries are preserved and
the nature of failure is made known. Ewven the possibility of mis mder-
standing of procedures on the part of the production user is to be taken

into account.

Edits - Not under user optioun:

1. Description of wvhat wvas done by the code block when accessed,
and associated data storage use.

2. Integrals over energy (reaction rates) when these calculations
are requested.

Under user option:

Full edits of final interface data files.

Spec.ial Input Data Requirements - See interface file CONTRL, rerord XCPINS
(Section 204):

1. Control options for selection of procedures and data file handling.

2. Edit control.

3. Input data control,
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4. Select data to override that im the library.
5. Nuclide data for addimg to the library.

6. A broad-growp neutron flux spectrum for integrals amd for com-
densing such data as xvo (g+g’)-

Data Conwversion -

Initially only simple CITATION cross-section data, elementary m,a
and basic LASL S_ forms of data are to be converted to the nuclide-
ordered standard interface data file as needed at several installations
to support methods development effort.

Prograsming Mote -

It is noted that direct-access techniques must be used to permit
efficient data processing.

Interface Data Files -

Used Generated
1SOTXS GRUPXS
(1S0TXS)
aﬂot done.

e
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Tasks Performed

A primary fumctiscn of the code is to coavert a auclide-ordered
cross—-section iaterface file (ISOTXS) to a group-ordered cross-section
interface file (CRIPXS).

Additiona]l fumctions include creating a nuclide-ordered file from
the ONNL CITATION code cruoss-section format, updating an existing nuclide-
ordered file, or serging tvo existing nuclide-ordered files. Each of
these fun~tions msy, om option, eliminate selected nuclides or replace
certain data (for example, Hollerith names) for a nuclide.

The capability for creating nuclide mixtures iz also available. It
is possible to generate a complete set of macroscopic data in the nuclide-
ordered format. Any nuclide used in a mixture will be excluded from the
resulting interface file.
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Proc

[=

&CO!

ess interface iile CPXTIRL for
rds labeled XCPINS and DVRINS

1

{2(5) .EQ.0 } IX(5) . EQ.1 _i IX(5) .EQ.2
Update l vert CLTATIPN | Merge two
ISOTXS to ISPIXS 1S#TXS
X Input: Input: Ioput:

CISPRR version n
ISPTXS version n

CXSPRR version n
CITATION

CXSPRR version n
1SPTXS version n-1

AW N

Output: Output: 1ISPTXS version n
1SPTXS version nt+l ISPTXS version n output:
ISPTXS version ntl
T

,%’_*_ T

Create Mixtures

Input:
CXSPRR version n
ISPTXS version n
Output:
ISPTXS version ntl @

v ]

IX(11),.LE.0

=4 :

< BT TS ]

a Inpuc:

% ISPTXS version n

i |
‘u"_nv‘er':"lsLﬁxs' 1

° to GRUPXS

3. Input:

~ ISPTXS version n

<

= Output:

- GRUPXS version n

L

<

| Tt CRUPXS

g é:g;;s version n “hete

o8 I "version n'" refers to the
current latest versionat

that stage of processing,



L g AT T

© N ot e i L Y o+ S e

The requirements of

here.

Allocation to

Program

System Routines
Data

Typical Buffers

Total
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Computer Requirements

this code on an IBM-360/370 machine are given

Core Storage (4-byte words)

Without Overlay With Overlay
3X 16K
x X
10K 10K
9K 9K
59K 40K

vy
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‘ Use of Logical Data Storage Units and Interface Files

The use of logical units and interface files for each task is
presented here. Unit numbers shown are for stand-alone operation as
implemented.

Always Required

: ITRL (A) CONTRL 10 (stand-alone wnit,
typical)

ISYTXS to ISPTXS (Update)

5 19UT standard output 6
ICXS (A) CXSPRR 5 1
ICIT (A) input ISPTXS 32
1S#T (B) output ISPTXS 34
ISCR scratch 45
<« »
®
CITATIUN to ISPTXS (Create)
14UT standard output 6
ICXS (A) CXSPRR 30
ICIT CITATI@N 8
IS¥T (D) output ISPTXS 32
ISCR scratch 45
. ISPTXS + ISPTXS to ISPTXS (Merge)
: 1gUT standard output €
| ICXS (A) CXSPRR 2
ICIT (C) primary input ISPTXS 31
I0TH (A) secondary input
1SPTXS 32
1S9T (B) output IS@TXS 34
ISCR scratch 45
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ISPTXS to ISPTXS (Create Mixtures)

1duT standard output 6
ICXS (A) CXSPRR 30
ICIT (A) input IS#TXS 32 or 3
IS4T (B) output IS#TXS 34 or 35
ISCR scratch 45
ISC2 scratch 46
1DA3 scratch
(direct access) 23
EDIT IS@TXS
14UT standard output 6
1SOT (A) 1SOTXS 32 or 34 or 35

ISPTXS to GRUFXS

18UT standard output 6
ISPT (A) 1S9TXS 32 or 3 or 35
IGRU (D) GRUPXS 11
ISCR scratch 45
IDAL scratch
(direct access) 27
IDA2 scratch
(direct access) 24
EDIT GRLPXS
IouT standard output 6
LGRU (A) GRUPXS 11
Notes:

(\) Asks SEEK for latest version to read.

(B) Asks SEEK ior a new version to wric:,

(C) Asks SEEK for the next to the latest version to re.l.

(D) Asks SEEK for tie latest version to write, i{f none available,

asks SEEK for a new version to write.
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[4PIFRATION ABOTT SURTCUTINES

COO00 0000 080 5008000000000 00000050000085¢000800000000000000000800008000000

C

C

C

C

C croL
C o @
C CTI2
C (2 &
c <(S?
< SXS2
C acuK
< eIt
o iTI2
C (st
C 1XS2
C Y9
c SIXC
c 7
9 Ix2
C

C L1 8
C b1 ¢ {
C L) & &
C 1211
C 1212
o PC2
Lof TRLR
C XL2I
C (] L]
C XSCt
c | & {u
C IsCt
c XSC2
C

C & {4 ]
C KSCa
C 1SC5
C

SUANONTINE $66088000800000¢ (CALLE" SUBNOATIND

cTi2 CrId ITED STEK
cnoL ncak isTP M)
FEZI

CXS2 BRED®D SEEX

PEE) ILer

TI2 REED suIx

ACREk 1833 BPCR PEED
TXS2 2EED SEEX

IST2 REZD KLEI

BOPe XSCI XSCY

FEe3

nIX2 LA 4] £ 1.4 44

pop. ncax ISTR faIxc
wpCa REED I X0RD
I1STa NSPCR aPED RITE
IST2 areo RITE | 3394
wpCca REEN RITE STCR
1?2712 RERD L dala |

RCHYL ISTR %2CY REED

CcrIN Gxs1 ITIY IKS?

PPR1 BeED SZEK sKep
ooPC 1) ROXY TPLR
onps RERD SEEK x8C2
%E) nyTE RS?I STof
%SC3

1STa REED RITE

ACHL REED RITZ X080
ISTa REEN RITE RSTI

RITE

RIX3
asTI

&2 )

PR2COP

XORD

CNCS3 SUCTISY PRACESSCR SHEMOUTINE CACSS-FEPEETRCING

STL

RSTI

nIxe AIxS

XoRD

RSTI
N219 XSCH

GETCOR
XSC3 XSCs

Co0808005055 000000000000 008000080800005008000506000000500008060008000800809

COO0S0S0 8500 0000500005 00000000500000000000000000005000800000080000000009

C
o
c
C
Cc
c CHOL
c cr I
C CT12
C cTIY

CcTI2
T™Ls
crIn
CcT1id

(com?)

CROSS SECTIJN PROGCESSPR SUPROUTIWE CRCSS-REPERENCING

SUBROUTINE #0680 0900000000¢ CALLED PROR SUBTONTINE 055000808000 00000
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COPC BALS nIx2 15C8 11

FEES 15C1

FaECOR 3SCCU

G2T1CCa ISCE

c1s1 ™is

G1¢2 cis1

ECER CTle 1112 9132 r212 qSCs

1518 Tie 1712 11S: nIxZ nIs3 L)@ L n212
15C:3 ) $od

ITIY 18L56

IT1¢ 1711

11¢1 1816

) ¢ £.3 119

BA1S

A1xXC )¢ ¥

arnn 1216

L} ¢ ¥ 8131

rIeld 48 P

L) 8 L L) ¥

nIss 13 ¢ ¥

1211 MmIié

rP212 211
"wCeR IT1c nIx2 nIxl PINS n2:2
WEED Il CT12 TIZ €xel GREZ T 13712

11€4% 1382 "I3C rId nIN2 BIX3 b D4 {
1) 8 H LY g n21: L 1194 XsC1 15C2 xsC)
sCe XSCS

RITE (o § ¥ 1712 bl @ P rIl} L)e L) nixs m212
1SCe zSC2 SCH 1 &4

Nix ¥SCe

LR ) | 1SCH

EED 8 (P ¥ 1172 WX PIde n212  $19 XSC5

STEX (S5 4] GISY 11 - IXS? Lig ) 1211 ESCI
15C1

SKER iSC1

S§TCS (49 H ¥5C2

TaLE 1SCL

YLEI 5YSs 1382

b T 1A L)e ¥ ar1l LB 1 PEC2 XsCh

35CI FADD

ISCH AAls

3SC1Y T3l
15C< 15C1
15C3 ¥SCe
I5Ca iSCse
53C3 1SCqe

AOAAANALrLANANAANAAAANAANANANANAAANANANAANAANOANANNNRA

SRR RIS ISOR 000D VIR 00000000 QIR 000 0000000090000 080000000900890000009089

€CeT)
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CO0S98 080008000000 808000000000880080000000000050005550050500080058050800

® ®

7N (498

) S92 CT1s
(49 &
cacl

NAAAANAANANAAANAANANAAAAANRAANAANAAANANANAANAANAANAN

SIPELE CVESLAY STFOCIVEE PCF CROSS SECITON PROCRSSOR

BAlE
| £194
) £14 ]
RS
BCEK
SECH
XOFL
TLEL
CCEC . BOXY) LISRARY
RITE(SEEL,ECXT) LIPEAFY
SFEK LIDRLBY
SICH LIBEASY
IS1E LIBRARY
*s1I LIEEAGY
SKEE LIBRARY
14411 LICEAFY
(4 4 (4] LIBRARY
FRECOF LIBPFAFRY
CERILE LIBRARY
CICeDA LIBFARY

9090000000030 00000000080000009000000008408008008

. . . » ]
neI 21Ix1 b § £ ) xSCY ¢1s1
n212 )4 ¥ Insz X5Ce - 91

rIY 1SCY
2TXC XSCa
LAS 1 XSCS
L3¢ &

COPO 000000000 0000000080 00 0000088000000 90 000000000008 000008000000000000000¢
COPOS0000000 1000000900009 0000008000000 0000080000000050005000800098008008389

C BON-STANIAIL
C

C CEFTILE
C

C

C CLCSEA
C

C

c

<

<

C cHoL

C

C

C

C

<

C

SU0BRNCIIBE OSAGE T8 CEHCES SPCIICH FSCCESSCe

(CALLED PFCP CCPC) PSSEPELTZS LARGOAGE ZCUTINE
JSELC TC CEFEB C[ISECT ACCESS PIL®S - REPLACES ThE
TAY DEFINE PILE STATREERT

(CALLED PFOR DCPC) AESSPELIZS IANSUAGE SCUTINE
NSEL TO C10SE CIFSCT SCCEE3 PILES OPENED

WITH CEFIIP

GZTCCR/FFZCCE(CALLEL FFOM 12SCC) BSSEPELZR IABGUAG® ROODIIW2SE

NSED 1C PIYSATICALLY AILCCITE ANL BELEASE PAIN
SO9E STCFIGE

(CALLEL PROW CLI2) BCI-STANDAED FCHTHIN RCUTINE
OSEC 1C CCNVFET ECUEF (BASACT®S SINGL® PRECISINN
HOLLERITR WO3LS 10 ST) CEAPACI®F YCHBLIE FEECISICW
HOLLEFITE VCRIS, USEC DNLIY IN CONVERSION CP
TTTIATICE CRNSE SECTICPS 1C ISCTXS

PO 0000009000990 000000 PCI0 SRR NI000POP00SIOPPOIOOOPNIIOPPOO0OSS

iccs )

g
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Appendix B: CODE BLOCK TO CALCULATE REACTION RATES, EIC.

This code block produces reactjon rate integrals by nuclide, certain
summary tables, and such auxiliary results as the primitive fuel conversion
(breeding) ratio. It is compatible with the VENTURE code and operational
locally as a separate module in the code system requiring less than 50K
words total memory usually. File communication is compatible with VENTURE.
Basic control parameters are indicated in the specifications for the COXIRL
file in the body of this report.

It is intended that this code block perform a variety of tasks on
demand, independent of the neutronics model applied, using cross sectioms
and nuclide concentrations from the files used by the neutron:-s codes
and flux data produced by neutromnics codes, and perhaps generate a new
interface data file. A preliminary list of the tasks follows, but only
the first is implemented in this release version:

1. Calculate by zone (and sub-zone) average neutron, nuclide reaction
rates and integrated summary tables using interface data files
with user control over edit levels

a. Using files NDXSRF, ZNATDN, RZFLUX and GRUPXS.
b. Repeat with flux, adjoint weighting on option using file
PERTUB.

2. Edit selected maps of individual reaction rates (traverse or on a
plane)

3. Basic cross section collapse capability in energy and space

4. Basic pertrubation analysis capability considering nuclide concen-
tration changes and/or microscopic cross section changes and
weighting of delayed neutron data

5. Generation of a fixed source file, as of prompt or delayed neutron
generation rate

The code structure and subroutine referencing start on page Bl-l. The

module should be simple to implement on a specific computer. An overlay
structure will not be needed for this first release version.
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Appendix C: LOCAL USE OF THE VENTURE AMD RELATED CODES

The VENTURE code is structured as & module for use in a computation
system aiong with other codes. Locally, a stamdard imput processor, the
cross sectiom processicg code (Appendix A), the resctiom rate code (Appen-
dix B), and special input data processors are wsed. Typically, microscopic
cross section data msust be couverted from a nuclide ordered file, ISOTXS,
to one in vhich the data is ordered by meutrom growp, CRINCS, by the cross
section processor. To produce such iaformation as imtegral reactiom rates
by nuclide, the reactior rate module must be wsed.

For sny implementation of the VENTURE code, some scheme of access
sust be used. A stand-alone version of selected code blocks can easily
be implesen:ed, although there would be obvious limitations, especially
regarding extensions. A primary objective of this effort wvas to produce
codes wvhich could readily be introduced into a system for computatiom
basically compatible vith general inter-installation ground rules. Thus
these codes do not read user input data upom access, rather files com-
taining the necessary data and instructions sust have been generated prior
to the code access. Data iaterfacing between codes is through well-
defined data files.

For p:oduction applicatiom locally, a driver code is used to access
the code blocks as instructed by the user. This section of the documen-
ctation describes thc code set and a simple driver used routinely and its
input data requiremenis. Also discussed are detailed instructions on
cunning VENTURE locally on the IRM-360/91 and IBM-360/195 computers. The
driver routines are shown at the end of this Appendix in Table C-6.

The Code Set

BOLD VENTURE is the name of a partitioned data set for the IBN-360
computers which :ontain independent nuclear codes stored as separate load
modules. Any of these may bp brought into msmory by a suitable driver
and executed. The sequence 0f exscution is limited only by dats communice-
tion requirements. The schc‘n and form of user data iuput to the implemented
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driver was chosen to allow general application of VENTURE and associated
codes on a producticn basis, locally and via remote termimals. Additiomal
code blocks «re being phased into the set and the driver functions ex-
panded to add sophistication and provide intcrface data {ile management
capability.

Driver Iaput Instructions

Input to the driver consists of a Title card, an Option card, and
Path cards specifying the order in which the various code members are

to be executed. The contents of these cards are described here.

The Title Carc (Format 12A6):
This is the run title card and is printed alcong with other edited

output from each code accessed.

The Option Card (Format 916,613):

In the following description of euch individual number, the card
columns are shown in parenthesis following each name and any default
values are shown in paranthesis following the description.

IP1(1-6)-Memory allocation of the primary contxiner arrajy ror the

variably dimensional data of each code, 4-byte words,
(040000) .

1P2(7-12)-Memory allocation of secondary container array (000000).

1P3(13-18)-Memory allocation of a tertiary container array (000000).

1P4(19-24)-Maximum block size for direct access data files, 4-byte
words, (7200).

1P5(25-30)~-Total computer central processor time allowed for the run

(tested prior to any code access), sminuces (5).

I1P6(31-36)-
1P7(37-42)-
1P8(43-48)-
1P9 (49-54)~- ;
IP10(55-57)- o :

A W e
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IP11(58-60) -Stand-alone flag
O-codes are accessed in a true modular code set environ-
ment, recommended.
l-codes are accessed as if each were a <tand-alone code.

1P12(61-63)-

IP13(64-66)-1f >0, the SFFK tables will be initilized prior to each
access of the standard input processor code.

1P14(67-69) -Debug flag, if >0, th. SEEK tables will be printed after
each code access.

1P15(70-72) -

The Path Cards (Format 2413):

Each code ir the set is assigned an integer number and thev are ac-
cessed by the driver irn the order in wvhich their identifying number ap-
pears on these cards. A maximum of 96 entries may be specified. This
referencing, which must ke known to the user, i~ assigned as follows:

* - The standard input data processor 2 which generates the Standard
Interface data files (see Section 204).

Special processors discussed below.

The cross sectfion processor code.
The VENTURE neutromics code.

The reaction rate calculation code.

w ~ 0N
'

A blank entry signals the end of thas da’a. For example, to instruct
the driver to access the general input processor, the cross section code,
VENTURE, and finally the reaction rate code, a card would be punched
16-790.

Spe:ial processors are allowed in the BOLD VENTURE code set. These
codes may read user input in any format (described elsevhere) and write
various standard interface files for use by the other codes. The driver
is instructed to access a special processor by an interger 2 on the path
card, and the particular processor is identified by a2 name (Format A6)
in the input data stream. Following this special identification card
sust be any input data required by that processor. The following names

%Ibid., p.403-1.
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identify special processors which are in production use:
DCMACR - Reads CITATION format macroscopic cross sections and writes
a pseudo CITATION furmat microscopic cross section file.

DCRSPR - Reads input data tc generate the files CONTRL (Sectinn 204)
anc. CXSPRR (Appendix A) required by the cross section pro-
cessor code.

DVEXTR - Reads input data to generate the necessary interfaze files
required by VENTURE (see Secticr 104), excluding cross
sections (ISOTXS or GRUPXS file required).

DUTLIN - Reads input data to generate the file CONTRL required by

the rcaction rate code.

As an example of the use of two special processors, consider that the
the standard input processor is to read input data to generate an ISOTXS
file, use the special processor DCRSPR to produce a GRUPXS file, use the
special processor DVENTR to write the files needed by VENTURE, 2nd finally
execute VENTURE. The Path card supplied to the driver would contain
126270, and the input stream would contain:

1. Driver instructions

2. ISOTIXS data to be read by the standard input processor

3. The DCRSPR card followed by input for this processor

4. The DVENIR card followed by input for this processor

Running VENTURE on the IBM-360/91 (ORNL)

The first part of this discussion describes running VENTURE on the IBM-
360/91 computer lccated at the ORNL site. A discussion of running VENTURE
on the IBM-360/195 computer located at the ORDGP site starts on page C-22.

Job Control Cards

The 18%-360 Job Control Language is quite powerful, but complicated
and therefore difficult to use. Most of the job control cards required
to run VENTURE are stored in a procedure library and referred to-as a
"catalogued procedure.” They are retrieved and altered autometically at
run time. To execute the code, Figure C-1 shows a typical set of job
control cards required in addition to those stored. The numbers at the
right-hand side are not punched on the cards, but refer to the noted
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discussion following. Also, no blank cards arv permitted; the ocnes shown
are for clarity only. The user should read the notes carefully o under-
stand how to use the VENIURE code.

Note:

(1) The parameters UID, X, Y, ZZZ, CHARG, and the conteats of columns
318-57 are job and user dependent and are described below.

uib

- Thir is the users’ identification and is assigned by the
computer dispatcher (see Services below).

- Any one digit number or letter.

- This is the job "class™ (two places cn the card) and is
either D, E, F, or G as showm in the following table.

CP Time - @) Tapes

Class | mit (min) PeSion Size Required
D >3 > 540K No
E <5 < 340K Yes
F > 5 > 540K Yes
G < 0.5 < 270K Yes

The operating systea automatically terminates class E
and class G jobs if they exceed the CP time shown. Class
D and F jobs are terminated at the discretion of the
computer operator if they exceed either CP time or
estimsted wall clrck time (see Estimated Time below).

22Z - This is the expected CP time in minutes and is discussed

below under Estimasted Time.

CHARG - This is the users’ charge nusber (see Services below).

Col. 38-57 - This is the users' address snd name and specifies where

the job output is to be sent. If the job is submitted
through the PDP-10 by a resote terminal, columns 38-40
may be used to direct the output to tae remote terminal
printer. This parameter is GEC for tie G.E. terminal

%See Note {4) below.

e e e o
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PISORI C-3. COBEnO. CABES FOR BORNINS VENTUSZ OB TEE Jeg/9).
J/7B1XXI222 JOB ik ds, o 99, W00,. 0, *2DBZS, MARE COL 38-57°,CLASS:Y,

/7 TI2RUN=ROLD,

/7 RSGLEVEL=(1. )

/°200TE  ERIBY LuCAL

//7STEP ZXEC VENTUARI,

/7 8 V=1, 082=1,813352v,822)2500,8K=50,85=50,8V=100,

/7 W23 ,83=1,30x1,0551 ,80=1, 870, 00=1,89= ), 010=1,810=1,312:1,813=1,

7/ B1e=1,_815=10,816= 1,

/7 PABR.PORT=* BODESK,BILIST,BOSOUNCE ,SCBAP, BOXAEF®,

// REGIOB.30=33B4

/7POAT.SISIY DD *

/o

/7LEcD.BVCRIFES DD UBIT=2318, VOLUNEsSRR:ZK1222,)I5P=SR3,

77 D3BARZ=TAPF.30LD.VENTUSE.DRIVE

//7LEED.STSIE DD *

IBCLUDZ BVDRIVER

r”

/760.PTV1E0GT 90 U IT=PAPE),VOLOAR=SER=11,LABEL= {,BL) ,0ISP=0LD,
/7 6CP=(RECPE=VAS,LARSL=K,3LESIZR=3520)

/760, BRELNIXIX OO UBIT=25138,V0L=SER=1K2222, DISP=SAR,

/7 DSBAREsT3F. BOLD. VESTURE

/7GO. PTOSPO0Y DD UY IT-TAPL7,VOLURE=3EN=00 ,LABEL= | ,BL) ,DISP=0LD,
/7 5CP=(DEB=2,TRICE=LL,8ECPR=P8S5,L2ECL=80,BLES IZ2E=3200)
//760.PTI6PC0Y DD USIT>LAPED,VOLUBE=S ER=16,LABEL=(,BL) ,DISP=0LD,
/7 OCB=(BECIN=VRS, LRESiL=K, 3LKSIZE=3520)

/7/7G0.FTS97001 DD ¢

000000000000000YZETURE 24N BURSER 1 - 1/ /7500008 00¢000 0 000
FYYTYYY 222
2 7 21 3

ovENTS
CORREPTeco00 JENTURE CASL IBPUT DATE GORS NERE.
B0INPOT

wrs

CORREUTSe oo yENTURR CASE 1SNUT BATA GOIS NERER.
BDIs Y
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located at Sumnyvale, California. (See also note (2)
below). A typical card might be

//SC1FO&0 J0B (00001, ,,99,9000, 1), GECSUNNYVALE S.CRICK',CLASS-F,
vhere a fictitious charge number is shown.

This card is optional. If it is present, it specifies that the

job output is to be printed at the computer and overrides tie
destinastion specified by columms 32-40 on rhe first card. For remote
terminals connected directly to the IBM 360/91, this card may be
used to direct the job output to that remote terminal. It would
have the form

/*ROUTE PRINT REMOTEn

vhere n is the resote terminal zusber.

These parameters are problea dependent and are discussed under
Problem Dependent Parameters below.

The parameter 3BB (maximum 1536) specifies the maximm number of
bytes of core storage (in K = 1024 bytes) allowed for the ‘ob. For
running VENTURE

BBB24 (AAAAAA) /1000+300

vhere AAMMAA is the size of the VENTURE data container array (see
note 9 below). It is important cthat this number not be much larger
than that required for the job. (See discussion in last paragraph
under Comments below.)

Any cards included here are optional. They identify logical 1/0

unit numbers and override those defined in the catalogued procedure
(Figure C~-4). 1f included, the cards must be placed in the deck so that
the logical umit numbers are in sscending order. SeeeSection 204-1 for
a complete description of the 1/0 umits required to run VEWNTURE.

Logical unit number 11 is the GRUPXS interface data set. It may
osreviously have been written, or it may be written during this run
depending upon .nstructions to the driver programs (see note 9 below).
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If these cards are not present, logical unit 11 is defined as a
scratch disk in the catalogued procedure, and the GRUPXS interface
data set if made this run would not be saved. The cards shown define
this data set as a non-labeled 9=track pinarv tape. If the GRUPXS
interface data set had previously been written ard saved on a disk,

the cards might have the following forms, wvhere disk is used, not

generally avallable.

//GO.FT11F001 DD UNIT=2314,VOLUME=SER=ZX1111 ,DISP=(SHR,KEEP),

// DCB=(RECFM=VBS ,LRECL=X ,BLKSIZE=3500,BUFNO=]),

// DSNAME=TBF .GE .MACROS.X17GR

Here the data set resides on a 2314 disk unit, number ZX1111, and
che data set n.me is as shown on the last card. If a GRUPX file
is generated in the run and is to be saved, it generally will be a

magnetic tape.

(6), (7) Any cards included here are optional. They identify logical
1/0 unit numbers that supplement those defined in the catalogued
procedure (Figure C-4).

(6) This pair of cards is optional. They describe a data set, logical 4,
as a magnetic tape which is written by VENTURE (user optiun) at tihe
end of a run. If written, this data set will contain formatted data
described in Section 204.” The cards shown define this data set
as a non-labeled 7-track BCD tape, 800 BPl. even parity, eacun logical
records 80 characters long, blocked at 3200 charactirs per block

(actual record length).

\7) Logical unit number 16 is reserved to contain data for restart, the
RSTRTR file. This data set is recuired if the restart datu is to be
written or read for a restart case (user options). This pair of cards
defines this unit as a 9-track binary tape which it generally will be.

21f more than one stacked case is being run, this data would only be
saved for the last case.
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(8) No blank cards are allowed in the input stresm (except in the input
data decks). The blanks shown here are for clarity only.

(9) These cards are driver instruction cards and are described in Appendix
C. In this example it is assumed that a GRUPXS file exists (see note
5 above). The number AAMAA is the size of the VENTURE data container
ATray.

(10) VENTURE case input data. This input data is described in the docu-

ment INPUT DATA REQUIREMENTS FOR VESTURE.

(11) A card with ENDINPLT, punched in columms 1-8, is required following

the input data for each input processor, jncluding that for the star-=

card input processor.

Problem—Dependent Paraseters

Certain parameters specifying disk space and block size (in bytes)
which appear on the cards defining logical data sets are problem dependent.

These parameters are shown in NBI, XB2, Bl, B2, NX, NS, ané NIl
through N15 in the catalogued procedure, Figure C-4. Threy are specified
at run time by assigning values, note (3) in Figure C-1.

Bl and B2 are the size (limited to 32000) of core memory blocks into
which data are read. The larger this bluck size the fewer are the I/0
requests required to read a particular data set. B2 defines the block
size of the data sets which are read most often during the iterative
part of the calculation. NBl and NB2 (permissible values of 1 or 2)
specify t e number of buffers (number of blocks or size Bl or B2) of
core penorv into which data will be stored.

we recommend specifying NBl = 1, NB2 = 1, Bl = 3520, and B2 = 32000,
NX = 2, NS = 50, and Nl = 100. These values will be adequate for most
practical problems. We find advantage in using only one buffer which
sinimizes core memory roquirements. For small problems, it may be
desirable to set B2 to something smaller than 32000 to minimize core
memory. It is recommended that Bl and B2 not be set smaller than 3520.
Values for parameters N2 through N15 are calculated as follows:
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Let C = number of columw in the mesh
R = number of rows in the mesh
P = number of planes in the mexh
G = number of energy groups
Z = nusber of zomes
and NN = [(110+1.1L)X]/B + 1
vhere NX is the value assigned to N2 through H16, and L, N, and B are
given in Figure C-2. A value of 100 is recommended for Nl.

If NN times B exceeds about 14,507,000 (unlikely except for N3 and
N5), special clcan disks zust be used for the data seir; in this case, con-
tact the authors for details.

For a "plane-stored” non-hexagonal problem with 48 columms, 22-rows,
16 planes, and 6 groups, N2=257, N3=1210, Né4=310, N5=113, N6=10, N7=5,
NB=5, N9=100, N10=43, Nll=54, N12=], N13=1, Kl4=1, N15=1, and N16=1.
Larger values could be used for these parameters, but computer resources
will be wasted, and run costs likel; increased.

Estimated Time

The central procersor (CP) time and wall clock times (see Job Card
below) depend upon the problem size and the data handling mode of calcu-
lation. Large "fast-reactor,” three-dimensional prob.ems running in the
"plane-storrd” mode are solvec at a rate of about 100 space-energy points
scv second CP time. Wall clock time is roughly a factor of 6 to 10 more
than the CP time for problems running in the "plane-stored” mode when
other jobs are running concurrently in the 360/91 computer. A 48x22x16x6
group problem (101,376 space energy points) with 4 inner, 27 outer intera-
tions required 12.5 minutes CP time and 86 minutes wall clock time. A
48.:22x16x17 group problem (287,232 space exergy points) required 60 minutes
CP time and 7 hours wall clock time. Reflected "thermal-reactor” problems
usually require somewhat longer to.solve.

For problems which run in the "all-stored” mode or "mesh-stored’ mode,
the wall clock time is much less relative to the CP time.
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Figure C-2. Determining the Values of L, X, and B

- v — —
For ! L N ; B Remarks

1
!

PG Bl Normslly.
RPG Bl If perturbation calculations
are to be done.

N2 scR
8c

—— Set ¥3=1 except for the “rew-
stored” mode (see Section 103),
N3 or if perturbation calculations
are to be done.

36C+e ’PB Bl Non-hexagonal geometry. .
44CH12 Hexagonal geometry. ;
——— Set N4=1 except for fixed source'
problems.
N4 8CR PG Bl Fixed source by point and group.
42 G Fixed source by zone and group.
— Set N5=1 for the "row-stored”
mode only.

NS 4(BCRICHR) | PG B2 Non-hexagonal geometry.

’ 4(9CR+2C+2R) Hexagonal geowetry.

X6 Set N6=10.

N7 8CR B2
N8 8CR B2
K9 8CR Bl
N10 8CR

Normslly.
G Bl If inicial flux guess is to be
read from RTFLUX interface and

to be expanded.

-2 2N e B e B fe

N1l Bl
N12 Set Nl12=1.

——— Set N13=]1 unless the power den-
sity interface PWDINT will be
K13 written.

8CR P Bl For writing the interface
PWDINT.

..... Set N1l4=1 unless the Pl calcula-
N14 tion is to be done.

8CR PG Bl For the Pl calculatinn:

N15 Set N15=10.

————— Norma)ly N16=1.
N16 8CR PG Bl 1f the scandard flux interfaces
RTFLUX and/or ATFLUX are to be

written on scratch disk.

&
5
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Job Submission Form

A job submission form mus: accompany each job submitted. This form
is either sent to the dispatcher with the job deck, or called in to the
dispatcher for jobs submittad from remote terminals. (See Services below
for phone numbers, etc.) Figure C-3 shows a job submission form that
might =0 vith the jcb shown in Figure C-1.

At the top of the card following 360/ is written the job class (see note
(1) above) and the number of bytes of core storage required (see note {4)
above) for the job; for instance, F-SOOK, The Job Number, Charge, and
Maximum Execution Yime are explained in note (1) above The columns
under TAPES REQUIRED are described as follows (there are three 9-track
tapes and two 7-~track tapes available on the 360/91).

Log No. - The tape logical number. The tapes must be
listed here in the same order as they appear
in the jcb control language. Those over-
riding the ones in the catalogued procedure
must be specified first followed by those that
are not in the procedure.

Reel Number - The number assigned to the tape. The POOL
specifies that a free tape is to be used. If
a previously checked-ot tape were to be used,
the tape number would be written as shown for
logical 16 where NNNN is some number.

Special Handling - Any appropriate comment.

I1f checked, the tape will be saved.
If POOL and SAVE are written, the tape will

Save

Saved Reel Number
be checked out to the user and the reel

number recorded here by the dispatcher.

File Protect - (Before mounting, after dismounting) If Y is
checked this =eans the tape cannot be wrif.ten on.
1f N 1is checked, this means the tape can be
written on.

7 or 9 track - Generally formatted tapes wh.ch may be read by
other computers than the IBM-360 are designated
as 7 track. Binary tapes are normally 9 track.
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Figure C-3. Typical Job Submission Form
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One mountable disk is required for running VENTURE. It is nusbered 7X2222
and sust be written as showm in the figure.

In the remarks columms, write I/0 Bound and show the expected wall
clock time. For small probless rumning in the "sll stored” or "mesh-stored”
mode, this is not necessary.

Comments

For the user who is not familiar with running VENTURE on the IBM-360/91
computer at ORL, some comments may be useful.

Several jobs normally are cxecuting in the computer at the same time,
each -ompeting for the computer resources. Because of this, it is important
that any job not require more of the computer resources than necessary.

That is why the region size of a job should be as small as possible (see
note (4) above). Likewise, that is why the parameters N2 through N15

(see Problem-Dependent Parameters above) should not be larger than
necessary.

Frobably, the best overall strategy for running large three-dimensional
problems on the 360/91 with VENTURE is to specify the size of the data
container array such that the code runs in the "plane-stored” mode, storing
about three to five planes of data (see Section 103: Memory Requirements).
Normally, the number of inner iterations is also the number of planes
stored. In this mode, 1/0 is mdnimized during the iterative procedure
and the core region size is small enough so that other jobs may run
concurrently. For a problem with 48 columns, 22 rows, and 16 planes, the
data container array of 66000 allows 4 planes of data toc be stored and the
region size is about 500K, (The number of planes stored is independent
of the nusber of energy groups.) A 48x44x32 mesh problem with 4 planes
stored requires an array size of 120,000 and a region size of about
750K; and 50x50x50 mesh problem required 110,000 work array size to
store 3 planes of data requiring a region size of about 710K bytes.




We suggest that a new user of VENTURE run a first case for only one
i.teration (specified by input) to not only check out the job comtrol
cards, input data, etc., but also to obtain the container data array
requirements for all modes and the region size requirements. This first
run should be made to do all the calculations (i.e., neutron balance)
that the production rum will do.

Catalogued Procedure

Figure C-4 shows the catalogued job control cards that are used by
a VENTURE run in addition to those included in the input streams.

Services

Given here is information which might be required by a user. For
a complete description of the ORML computer facilites (hardware and
software) refer to the ORNL Programmers Manual.

A. The Dispatcher (Telephone Number 3-0205)

The Dispatcher of the ORNL Computing Center is the primary interface
between the Center and the public, and in this sense is the "receptionist”
for the Center, answering and routing phone calls, answering questions
concerning the Computing Center and directing customers to specific
individuals. Other duties are:

a. Logging jobs into and out of the Computer Center.

b. Preparing and recording the recorded status report periodically.

c. Coordinating the activities of any couriers assigned to the

Center.

d. 1Issuing the Jobname initials which are required for use of the

1BM/360 computers.
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PFIGU2Z C-v., SSTALOGDED JO3 CONTROL CARDS.

//77E3TUIRX P0OC LI KRE=270K,LKSIZE=150K,G0SI2E=5a0K,COT] RE=,

/7 B31=1,B32=1,B1=2354).04232000,8K=2,85=50,81=100,

27 0221, 831,305,051, 80=0,07=1,00=1,89=1,810=1,810=0, 01i=0,003=1,
/7 1=, B15=3,01e=?

/700 T ExEC
//7SISLIm b
V4

//7SISPRIET D
//7SYS PUNCE DI
//57SUt2 DD
//LKED EXEC
V4
//7S1ISLIb
/7”7
//SISLIB
V4
//315L30D
V4
//S1SPRIBT
/75130
/7/60

V4
//STEPLID
/7710 1001
//7PT02r001%
//7T0 3000
//7PT05P001%
V4

/771106 P00
//7308P001
/7”7
//7109P001
V4
/771100001
/”
//PT110001

bb
oc
DD
or
14

bD
1]
EXEC

V4
//PTI2000 1
/7
//PT13r00 1
V4
//P2 18000
V4
//7T15P001
V4
Z/rT17000

DD
op
0D

V4
//7T18P009
V4
//7TI9P00%
V4
//72200001

b0
oD
114

PGAas 1ERAMQ0, BZGICH=ECLSIZE

DSE=SELIADSET, OUIT=SYSDA,SPACE=(800, (400, 200 ,2LSD) ,

DIS? = (ROD, P 55) ,DC B2 (AZCPN=P3, LAZCL=60,6 L6SIZ284D)

SYSOUT=4,0CR=3LASIZE: 110D

SYS)IUT=S

OBiP=5YSDA,.SPACE= {028, (30, 10) )

pPch= LENL. PARE=*0VLY", BEGIOB=ELKSIZE,

CIB0=(5,LT.PULT)

DSB=5YS 1. FORTLIN, DISP=SAR

DSB=3Y53.4LI5LB, K SP=SEA

D30* £6,0AD5 BT, DISP= (OLD, DELETE)

DCSARR=33510

DSEsSEPIJOBLIB(BOLDY) ,UNIT=5SYS08 DISP= (BES, PASS),

3PAC2=(3072, (50, 10,1) ,BLSE)

SYS) UT=a ,0°8=BLASIIE= 605

UBIT2(3YSa, SEP= (STISLEN ,SYSLAOD)) ,SPACE= (3072, (50, 10))

PGE=BOLDY,C0OBD= ( {S,LT,FORTY, (5,LT,LK2D)) ,

0GIOB=§GOSI2E, TIABECOT INE

D58=L6PJO8L1IB, DI SP={OLD, DELETE)

SYSOUT=a, DCB= {RECPA=VEA, LRECL=137 ,BLASIZE=1500)

SYSOUT=4, Chs (RECYR=VBA,LRECL= 137, BLKSIZE=1100)
JULT=3YSDs, SPACE= (80, {10) ) ,DCB= (RECPW=P ,BLESIZE=80)
UBIT=3SYSDA, SPATE= {80, (4000,1000) ),

Dob= (RECPA=P, BUFBO=1,LRECL=80, SLKS IZ2=80)

SYS)UT=a,0-D= (BECPSE=YBA,LAECL> 137, BLKSIZ2 = 1100)
URIT=SYSIA,S2ATE= (801, (6N1,2)),

DCh= (RECPR=VBST,LARCL=X, DU PNO=END Y, BLESIZ E=$BY)
OPIT=SYSDA ,SPACE= (681, (BWS, W),

OCB= (BECPR=VDST ,LBICL=K,BUFNO=SUB ) ,BLESIZE=EBT)
UBLT=SYiDA,SPACE=(E81, (E0S, 1)),

DC= (RECPR=VPST,LBECL=X, DUFNO=sEED 1,BLESIZR=EDY)
ORIT=SYSDA,SPATE= (KDY, (EMYV, 60N} ),

PCh= (RECTE=VPST ,LRECL=X,BUFRO=EMB 1 ,BLESI ZE=6D1)
UBPIT=SYSDA,SPACE= (E81, (881, E01)) ,

DCB= (AECPE=YBST ,LRECL=X,BUPNO=EBB 1,BLESIZE=ED 1)
ORIT=SYSDA,SPACE= (6B, (EW1,2)),

DCI (BECP8=VBST, LRECL=X, 0OFNO=LED 1,BLKSIZ E~ED 1)
DRIT=3YSOA,SPATE= (681, (6WS, 1)),

BCid= [BECPFB=Y3ST,LARCL=X ,B0FN0= 588 1 ,DLESIZ 2=5 DY)
UPIZsSEISDA,SPACE= (6D1, (BUS, 1)),

DCB= (AECPBsVBST , LRECL=X,BOFNO=EDD 1,BLESIZR=ED 1)
OBITsSYSOA,SPACR= (EBT, (BB16)),

DC o= (RECPB=V BST ,LARCL=X, DOPNO=ENS 1,0LKSIZE=EB 1)
UNIT=STSHA ,SPACE= (851, IBB16)),

DCB= (RECPR=VYBST,LAECL=K,80PB0= 550 1 ,81KS125601)
OPLF=3SY3DA,SPACE= (£B1, BBS, 1)),

DCB= (RECPEsV IST ,LRECL=X DU PNO=LUB 1, BLESIZ E=8D )
USITsSYSPA,SPACE= (8D, (BD13)),

(COBT)



7”7
/7712170010
/77
Z/7P7220081
V4
/771230001
7”7
/7712802001

7/
/777250001
V4
J/7T260P001
/7”7
/7777270001

V4
//PT2080001

V4
/77771291001
y/4
//7r1300001

/77
//7P73 10001
/77
/7771327001
V4
/71331001
/7”7
//7T387001

/7”7
/71350001
7/
/771360001
/7”7
/7/77T377001

V4
//PT300001
/7”
//77T397001
V4
//7PT80r001
7/
/7718 1P001
4
/771827001
V4
//7rTe 3001
/77
//77TRaP001
V{4
Z/7PTRSP001

7”7
//77T8 62001
V4
70T 7200

-] ]
ot
o
oL
[ ] 4
oL
-]}
(9 4
(1]
DD
oL
1] 4
bB
]
] 4]
] o
br
et
br
1] 4
1] 4
114
1]
bt
ot
14
oL
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PCH= (KECFR=VHST, LRECL=X B3P B0=S N0 , BLESIZE=EDT)
SRIT=3YS50A. . 2ACE= (CBI, (681, 2)),

BCO= (BLCEFR=VBST, LSECL=1,BUPNO=CUD 1, BLESIZZ=EB1)
SBIT=SYSDA , SPACE= (681, (80S,1)),

DCO= (BECFB=V EST ,LRECL=X,B8PBO=CUD T, BLESIZE=EBY)
OBIT=3ISDA ,SPACE= (601, (SN D),

ECB=(DaCFR=PT,00FRO=C0R 1Y
SBIT=SISDA.3PACE= (601, KK 2D)),

OCh= (BECFB=PT, DUFBO=C BR2)
SNIT=SISDA,.SPACE= (881, (EN12)),

D= (RECPFE=PT, BURNO=S NEY)
ERIT=3Y50A.3PACE= (60, (E01D)),

DCh= (RELCFB=PF T, D0PR0=EB01)
ONLT=SYSDA,SPACE= (681, (E82)),

DUB= (RECPE=PT, BUPRO=E VR D)
UBLT=31o0a,SPACE= (EBY, (6B2)),

D= (BELPR=FT, DOENO=48D2)
VBIT= SIS DA, SPACE= (6L, (ED1N)),

LCh= (RECKB=PT,DUPB0=E002)
UBAT=SYISDA,SPACE= (EB), (60),2)),

DCh= (RECPR=VuST , LARCL=X, DUPHO=ENB 1,0LESIZE=CRY)
UNIT=SISOA,SPACE= (EB1, (CBV,EMN)),

DCu= (RECrB=V¥5ST,LRAECL=X,BOPNO=END ,BLKSIZE=E DY)
OBIT=SISDA,SPACE= (EBY, 681, 2)),

DCh= (bECz8=V5ST ,LRECL=X,BUPEI=ERB 1, 3LEKSIZE=EDY)
UBAT=SISDA.SPACE= (6B, (EMN)),

DU (RaCPB=VNST ,LRECL=X, DUPFNO=EBB1,BLKSIZE=EB 1)
ORIT=SYSUA,SPACE= (681, (CRY,E0X) ),

OCh= (BACYB=V¥uST,LRECL=X,BOPEO=> BB ,BLKSIZE=EBY)
OBIT=5TY50b ,5PACE= (6B, (E01,2)),

DUbs (BEiF8=V ST, LRECL=X, BUPNO=E BB, DLKSIZ E=EBY)
ONII=3ISDA.SPACE= (ED), (E06, D)),

ECh= (BECFB=VbST ,LRECL7X ,BUPBO=E U ,DLKSIZ E=ERY)
UBIT=SISDa,.SPACE= (§B), (EN15,2)),

Db (RECPA=Y ST, LBECL=X, BUPRO=EEB 1,BLESIZE=ERT)
UBIT=SYSPA,SPACE= (6B, (EN15,2)),

DCh™ (BECPA=VAST ,LRECL=I,BUFNO=EN3 1 ,BLKSIZE=E D)
UBII=SISDA,SPACE= (EBY, (ED15,D)),

Dubs (REiCFB=VBST ,LRECL=X,BUPNO=ENB 1, BLKSIZE=ERY)
URIZT=5YSDe.SPACE= {682, (EBS)),

L= (BECEB=PT, BUFRO=EBED)
ONI1=SISDA,SPACE= (6B, (ED8)),

DChb= (RECYR=V ST, LRECL=],B0PN0=58B1 ,BLESI2E=EDY)
UNIT=ST5Da,SPACE= (£D2, (6B 7)),

OChb= (kCeRsYBST,LBECL=X ,BUPNO=EBB2,BLASIZE=EB2)
ONLi=SYISDA,SPACR= (882, (ED3)),

Dip= {bellB=Y 3ST, LOECL=X,BUPNO=£002,0LKSIZE=CD2)
UNLT=S5U50e ,5PACE= (601, (CBS, 1)),

DCh= (hsCeB= VST, LRECL=X ,BUPRO=E BBV, BLKSIZE=EPY)
UNLTsSY5Da ,SRACE= (6B, 1EW9)),

Dus* (RECTRsY uST , LOECL=X, BUPRO=EED T ,BLKSIZ EaL DY)
UBIT=S5Y50a .3PACE= (EDY, (ED10)),

DCo» (kaCia=VBST  LRECL=X,B30FPB0=5UBY ,DLEASIZE=CRY)
UNITsSISDA,SPACE= (ERY, (E0S,1)),

{COBT)
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//7FTR OPCOY
4
//7PTR9r001

/771519001

4
//7FT52r001
/77
/Z/7153r001
/77
//VERTUREX
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DCO= (UECER=VIST  LRECL=X ,BUFPO=CBB1 , BLESIZE=ED1)
UBIT=3XSDA SPACE= (EB), (888, 2)),

OCh= (ReCFR=VaST, LRECL=X,80FM0=50B Y, BLESIZIE=E81)
UBIT=SY30a . SPACE= (681, (E011)),

o (RiCPB=VY UST , LRECL=K DU PIN=SEB 1, 0LKSIZE=ERN)
BEIT=S1SD4A,.SPACE= (68, (EB 1, D)),

D= (RACER=UBST ,LRECL=X BOFB0O=CEB 1, BLKSIZE=CRT)
SEIT=SISDA,SPACE= (681, [6BS, 1)),

BCI= (RECPFB=VuST, LOECL=K, BUPRO=CEB 1, BLESIZIE=£DY)
URIT=SISwa ,5PACE= (8§81, (EBS, M),

DCO= {UkCPrR=VAST, LRECL=X B0FBO=CEB1 ,BLASIZE=EDY)
DBIT=3T3Da, SPACE= (681, €S, 1)),

DCB= (RECFu=VaST, LRECL=X B0PBO=CED 1, BLESIZE=ER )
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e. Filling out Job Submission Forms called in by telephone.
f. BRouting or mailing job output, wvhich msy include magnetic tapes,

to remote users.

B. Charge Numbers

All services performed by the OREL Computing Center are billed to a
five-digit Charge Number (sometimes called a2 "request™ number). These
nusbers are assigned by the Tape Librarian (telephone number 3-1214)
upon request of individual users. With each request for a Charge number,
each requestor must be prepared to supply a valid depsrtmeantal account.
Billing for services is done on a monthly basis by Cemtral Accoumting.
Monthly charges are made to each “epartmental accowr; thus, if it is
desired to keep more detailed accounts of computing costs, several Charge
nusbers (perhaps one for each project) should be opened against the one
departmental account. As many Charge numbers as desired may be opened.
Charge numbers may be closed (discontinued) at any time by the user vho
opened it (or his supervisiom) by notifying the Dispatcher; however, the
closing will not become effective until the end of the month during which
notification wvas received.

C. Programming Assistance

The Systems Programming Department maintains a Programming Assistance
group (telephone number 3-1177) who are availsble for comsultation and
trouble-shooting. The people manning this office are experienced programmers

and can answer most questions concerning error messages, cumpilers, operating

sysiems, etc. They cannot write programs for users but are there for
advice and counsel. Regular office hours are kept (8:30-11:30 a.m.;

12:30-4:00 p.mn.). lowever, for usual problems in running codes, the

authors should normslly be contacted.

D. Tape Librarian (Telephone Number 3-1214)

Many users of the computers will wish to save information on megnetic
tape for varying periods of time. Each user is responsible for so notifying
the Computing Center vis his Job Submission Form if a megnetic tape is
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to be saved. The Tape Librarian is responsible for meintaining appropriate
records associated vith saved magnetic tapes. Asmong the duties ~f the
Tape Librarian are:

a. Updating, on a daily basis, the records of tapes assigned to
users.

b. Processing those tapes which are returned to the poul, including
necessary revisions to the records.

+v. Pubiist ng a bi-weekly report of all tapes sssigned and sending
copies to all users. Each user is notified of those tapes
assigned to him and requested to inforam the librarian of any
tapes which can be returned to the pool.

d. Filling other requests for tapes or information pertaining to
same,

e, Issuing job request numbers (the 5-digit number which is used
for billing and which must be on 2311 work submitted to the
Computing Center, ari maintaining associated records.

Note: The Tape Librarian alwvays has a recent listing of assigned
tapes listed both in order of tape number and in alphabetical
order of user. However, the assignee always has the burden
of keeping records on tape contents.

E. Recorded Status Message

The Computing Center maintains an automatic telephone answering
device which has a record:d message describing the current status of
the equipment, what jobs are currently being run, status of the work
backlog, and other pieces of information deemed to be of interest to
users of Computing Center services. Messagss are updated periodicslly
througaout the day. The telephone number of the device is 3-1817.
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Running VENTURE on the IBM-360/195

The following discussion describes how to run the VENTURE code on
the IBM-360/195 located at the ORDGP site. The user should understand

the first part of this section since the only differences from ruaning
on the IBM-360/91 located at the ORNL site will be discussed here. Both

computers are operated by the Computer Sciences Division (not under ORNL).

Job Control Cards

Figure C-5 shows a typical set of job control cards required. Reference
should be made to Figure C-1 and the corresponding notes since only differ-

ences are discussed here. Reference numbers refer tro note numbers in
Figure C-5.

Note:

(1) This card is required for a job stream supplied from a terminal
connected to the 360/91. It causes the job stream to be passed
on to the PDP-10 computer (REMOTE5). (Note that the REMOTES begins
in column 16.) This card would not be used if ihe terminal is
connected with the PDP-10.

(2) This card causes the job streaa to be passed on to the 3€0/195 by
the PDP-10. (Neither of these first two cards is required if the
terminai is connected directly with the 360/195.)

(3) Note the differences between this card and the one in Figure 105-1.
Here the eight character job number is ZZZ(unless otherwvise assigned),
UID(user identification), NN(any two digit integer). The CHARG
number is the same as that used on the 360/91 at X-10, and columns
25-44 contain the same information as columns 38-57 shown in Figure
105-1. All VENTURE runs on the 360/195 are CLASS=A,

(4) The BBB here has the same meaning as described in Figure 105-1, but
is nov limited to a maximum of 1650.

(5) The only variable on this card is TT which is the limfi on lines of
printed output in thousands, i.e., 50 would allow 50,000 lines to
be printed. The job is terminated if the number of lines exceeds
the limit.
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PIBSER C-5. COBRROL CADOS POR OOUSING VESTURE OF TER 360/195.
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(6) The variabie MM on this card is the CPU time allowed for the run in
minutes, and if exceeded, the job is termirated by the operating
system. Note that the 360/195 CPU is about twice as fast as the
360/91 CPU. This should be considered when specifying any time
limits in the driver input or the VEXTURE input.

(7) The XXXA72 (on 2 cards) is changed from ZIX2222.

(8) There are two differences in tape DD cards.

(A) The variable TAPENO in the VOLUME=SER=TAPENO field is different.
For the 360/195, TAPENO is the identifying number on the tape.
Where VOLUME=SER=11 would be specified for the 360/91,
VOLUME=SER=X12345 or VOLUME=SER=012345 might be specified for

the 360/195. This means that the user will have to check out
any new tapes in advance of submitting a2 job requiring a new

tape. (See Operating Procedure and Services below)
(B) If a tape is to be written, the variable WW in DISP=WWW field

must be NEW. OLD is used to mean to protect a tape, so when

specified, the ring will be removed from the tape before
mounting so that it cannot be written. (WWW is always OLD
for the 360/91.)

1f any M times B (see Probles Dependent Parameters, page c-9) ex-

ceeds about 25,000,000 (unlikely except for N3 and NS), special clean
disks must be used for the data set; in this case, contact the authors for
details.

Operating Procedure and Services

All services for the 360/195 have the telephone extension 3-3625.

The operators are informed by the computer about tapes and disks
to be mounted, and the region size for a job, so no job card is needed
as for the 360/91. The operators do not have access to the CPU time
that a job has used; and, therefore, the only information they will need
for a job from the u#r is the expected clock time a job will require.
After a job has been 'submitted, the user should call the shift supervisor
and give the job nuder and the expected clock time,




C-24

Tapes may be checked out by ~alling the Tape Librarian. The information
required is a2 name for the tape, the number of tracks (7 or 9), and the
user’'s charge number. Always specify Non-Labeled for the tape label.

The user should keep a log of the tape name, use, and number. Each tape

at ORDGP is assigned a six-digit number. (Tapes at ORNL have an X as the
first character of the tape number.) Any tapes in the ORML library that

are to be used on the 360/195 at JRDGP should be sent to the 360/195 tape
librarian by so instructing the tape librarian at ORNL (telephone exten-

sion 3-1214).

Arrangements should be made with the Program Control-Technical
Applications Department to examine the output from jobs, inform the user
if the job failed, or to report numbers from the output, and to mail the

output to the user.
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. Appendix D: LOCAL COMPUTER FACILITIES

The present hardware at the ORML and ORGDP sites are described here.

First, current charge rates are listed.

Approxisate Local Computer Charge
A fixed rate schedule is now in effect, subject to change, as shown
in the following list. These rates exclude cspital cost recovery charged

users vhen appropriaste.

Basic Rate
IBM 360/195 CPU Time (per hr.)
IBM 370/155 CPU Time (per hr.) szgzgg
I8M 360/75 CPU Time (per hr.) 30.00
IBM 360/91 CPU Time (per hr.) 150.00
I8M 360/91, 360/195, 360/75, 370/155
' Input/Output (per unit) .00G4
lB? 360{91, 360/195, 35/75, 370’155
per line printed, per card hed
I6M 1401 CPU Time (per hr.) @ ) 25f$08
I8M 360/30 CPU Time (per hr.) 20.00
PDP-10 Misc. Service (per hr.) 40.00
PDP-10 Kilo Core (per hr.) 15.00
PDP-10 Connect Time (per hr.) 6:00
POP-10 Disk Space (per block per month) .075
Teleprocessing CPU (per hr.) 110.00
Teleprocessing Connect Time (per hr.) 6.00
TSO CPU Time (per hr.) 30.00
TS0 Disk Spaze (per track per month) 75
7SO Connect Time (per hr.) 6.00
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The Computer Facility at the ORML Site

Hardware

The Computer facility at the ORML site comsists of an IBM 360/91 and
and IBM 360/75 accessed through a PDP-10. The disc storage devices are
shared vhich is oot indicated in the following discussion.

a. byte

D

LRI e

X

w
)

i ¢c. ns
‘ d. us
e. b.p.i.

A brief description of the equipment coanfiguration for each cowputer
system follows. Some of the terms used are defined here:

8 binary digits and is the smallest sliressable wmit
of mewmory in the IR computers

1,024

nanosecond = 1/1,000,000,000 second

microsecond = 1/1,000,000 second

bits per inch

The 360/91 Computer System is made up of the followiag components:

Quantity Type
1 2091
1 2395
2 2301
2 2314
6 2401
1 2501

Description
Central Processing Unit — basic cycle time is 60 ns.

Processor Storage — capacity of 2,048K bytes of which
1,536K is avezilable to the user.

Drum storage — used for the operating system; not
availasble to users.

Direct Access Storage Facility — auxiliary storage
device vith a total capacity of 233,408,000 bytes
spread over eight removable disk packs. One pack
can store 29,170,000 bytes.

Magnetic Tape Units — two are 9-track units recording
dats at 800 b.p.1i. Two are 7-track units recording
data at 200 b.p.i., 556 b.p.i., or 800 b.p.1.

Card Reader — 1,000 cards/minute.




. tit Type
1 2540
3 1403
2 2701
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Description
Card Read/Punch —- 1,000 cards/minute reading; 300
cards/minute punching.

Printers — 132 characters/line; uwp to 1,100 lines/
minute.

Data Adaptor — interfaces to high-speed remote
terminals. (MRL, WSAO)

Various comtrol umits for the above auxiliary storage
and input/output devices.

The facility is illustrated in Fig. D-1.

The 360/75 Computer System is made up of the following components:

tit Iype
9 1 2075
2 2365
2 2361
1 2314
8 2311
5 2602
and
2503
1 2540

. 1 2520

Description
Central Processing Unit — basic cycle time is 200 ns.

Processor Storage — total capacity of 512K bytes with
750 ns access time.

Large Core Storage — total capacity of 2,048K bytes
with average of 4 us access time.

Direct Access Storage Facility — auxiliary storage

of up to 233,608,000 bytes spread over eight removadle
disk packs. Ome pack can store 29,170,000 bytes.

Disk Units — auxiliary storage of 7,250,000 byces on
each wnit.

Magnetic Tape Units — three are 9-track units recording
data at 800 b.p.i. and two are 7-track wmits cecording
dats at 200 b.p.1., 556 b.p.1., or 800 b.p.1.

Card Read/Punch — 1,000 cards/minute reading, 300
cards/minute punching.

Card Punch — 500 cards/minute.
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ORNL Comput ing Center 1HM/91 Configuration - July 3, 1972
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Iype Description
1403 Printers — 122 characters/line, wp to 1,100 lises/minute

21 Data Adaptors — iaterfaces to high-speed remots ter-
afinals. (Y-12, CRiC, ¥RL)

2702 Teradaal Adaptor — iaterfaces to lov-speed remote
terminals.

- Variows comtrol wmits for the above suxiliary storage
davices and imput/owtput devices.

2321 Deta Cell Drive — swuxiliasry sctorage of wp to 400,000,000
bytes spread ower ten resovable dsta cells. One data
cell cam store 40,000,000 bytes.

2914 Suitching Unit
OC1-7012 Multiplexor (RECOM system).

Bolt-Beramek-Nevasn Datas Set Control Umit.

Tne facility is illestrated ia Fig. D-2.

The POP-10 system s made up of the folloving mejor components:

Quanc ey
1

14

Type Description

KA1O Central Processor — basic cycle time is 200 nsec.
MALO 16Kk bank core memory, 1 usec (36 bit word).

TUSS DEC capes.

CR10 Card Rer 'er, 1000 cards/minute.

crlo0 Card Punch, 200-365 cards/minute.

LP10C Line Printer, 1000 limes/minute.

TUI0A IBM — 9-track compatible tape.

RD10 Swapping Disk; 2,204,000 bytes.

o2 Disk Pack Drive — 23,385,600 bytes per drive.
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[ Quamtity  Type Description

1 DC10 (2) 8-line Commmication Growps (ome with disl-wp
feature.

1 PDP-15/10 Computer for commmicatioms comtrol (16K 18 bit
words, basic cycle time is 800 msec).

4 PDP-15/10 Computers for graphical CRT imteractiom.

& V115 CKT Display Umit

Softuare

A HASF-INT mamager is used to swpervise each of the computers. The
IBM 0S/360 operating system with versiom 21 of the IBM FORTRAN IV R-Level
compiler and the IBM linkage editor are wsed. Data stored in the LCS on
the IBM-360/75 machine may be directly selected in the same semse as data
is addressable in fast mesory. Ewven thouwgh the cycle time of the LCS is
slow compared to that of the fast core (4 us vs 0.75 us), ve have found
that problems using all data stored in the LCS rum oaly sbout 151 slower
than they do using data stored exclusiwely in fast core.

Computer Facilitv Use

The IBM-360/91 and IBM/360/75 computers are operated under "MVI”
multi-job tasking.

A loaded machine language program is stored on a disk. The progras
is called into fast core with control cards vhen a job is started amd
once control is transferred to the program, it has full control umtil
the job i3 completed. The operator has no wvay of on-line control owver
program instructions (other than abortion). Mechine CP time used on any
job is available for programmed instructions to allow soms user control
of machine time use. Alternatively, a program msy be loaded from the
version of the code consisting of hex cards for esch routine, and the
user may provide FORTRAN or machine langsage subroutines which override
those on the disk. Thus a user may easily replace instructions with
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others more appropriate to his problem provided these are carefully pre-
sented in a form comsistest with the rest of the program.

On Precisioa

Although some calculatioms are dome vith 4-byte words vhich give
nearly 7 decimsl digits significasre, most are done in "dowble precisioa,”
as frequently required to cbtaia sigaificamt results, using 8 bytes which
gives just over 17 decim.' digits significamce. The sigaificance indi-
cated here is that carried in cslculations. (There is also rownd-off
from decimsl to binary represeatstion vhich msy camse simple sums to
isdicate greater loss in sigaificance thas sctually occurs ia calcula-
tioms.) HNemy calculations cam be dome quite adegquately with less tham
7 decimal digits sigaificance, but oftem subtractions vhich cause loss
of several digits siganificance produce poor regults. One example of
difficulcy is that wvhich occurs vhem two iterate sets of flux values are
to be extrapolated, aad this extrapolation is based omn the change in
values. Loss of significance in differeaces becomes seriouws evea at
relatively small loss of siganificance ia the iandividual values. It is
especislly bad because roumd-off is dome at the hexadecimal mw.er level
on the IBM machines rather than the bimsry aumber lewel.

The Computer Facility at the ORDCP $ite

Mardware

The computer facility at the ORDGP plant site comsists of sn 1BM-360/
195 primery computer drives by aa IBN-370/155. The equipmssmt is illustrated
in Fig. D-3. bNot shown is rewote entry svailable from the ORNL Computing
Center. The 3330 disc umits have 10° byte storage capscity, but dedication
of space reduces availsbility to 40 x 10° bytes, 107 short words.

Software

An ASP-MVT manager supervises the intercoupled computers in a multi-
tasking mode alloving seversl tasks or jobs to be resident simultaneously
and execution to pass fros one to another. Each computer has its equiva-
lent of an IBM 0S/360 operating system. The IBM FORTRAN IV H-level ver-
sion 21 compiler and linkage editor are used.
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360/195

& 12,087,152 wyTES ]
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D-3. ORDGP Computer Facility

Fig.
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Cential _Processing Units
N/19¢ - Rarn Processor (2,097,152 bytes)

I /155 - Suopart anl %air Pracassor (1,784,576 bytes)

=haanels
SN /198 - Thrae Selectar Chanmels

fne 3lock Wultiplexcr Chamnel
Gae Wyltiplexcy Chasnel

72,158 - rFeur 2lock %altiplemor Chasmels
T¥n Syrte Wultiplezsor Channels

IzC Deyjces

one 3313 F Spinlle fisk Priwe

> 31311 6 Spimdle Lisk "rice

Twr 2314 2 Spindle Zisk Drives

four 2%y nisk frives

“5wT% 3171 Cata Cell "rives

Fihr (@) Taze Drives (Dual 9CN-16CF Ppi)

Chare}

RN/ 198

Fie™ 7-"" 5 t ack "ace Nrives
Tey 2277 T track Taro Drives

I7¢ /158

[}

ez 3000 Y track Tzzo Nrive
Tacese T30 7 track lace “rives
S 3% Srinter

4o ‘47 i-%Y Printers

oo 38579 Car?! 2eader

Ine 283 Card feadorx

orne 7540 Card1 beader/Punch

Ine 182€ C3r 1 Punch

Pevote JOB Entry

3N /165 - TRY 111) Computer (Falucah)
IPY 172) Terminal (Paducah)
TRY 27+ Terzinal (ERDA-ORO)
i%Y 15.7 T - 17C/145 (ERDA-HDQ)
EPp=-11 ¢ nnldveat Atceics Conrp.)
IR® 3R)y/ . U720
iP® 37750 {Air Resgearch)
I, L5757, POP-Complex (CRNL Ccagnting Center)
Tngut cnly
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Jcleprocensing _dercinzls

SCB/1S€ =~ Tuelve 274C Termincls
Three 1050 Tersinals
Four 2260 iermirals

Ope2re:or _Congoles
20/19E = Onc 225C Censole (Crv)
370/15% - Three 3275 Zunsclez (CRT)

Cne 32185 Cenzule
Cnc 1443 Frinter

.

Ir additicny, a8 25406 card resser/punch and/or one or twe 1403
print rs wiicih are nors2lly on-line to ihe 360/30 can be suitched
to the 370/15s.

The Computer Sciences Division Computer Network

Figure D-4 shows the network of computers presently in operation at
the ORNL, ORGDP, and the Y-12 sites, which obsoletes the comnections shown

in the previous figures.
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Fig. D-4.

Computer Sciences Division Computer Network
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