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ABSTRACT 

This report doc wants the computer code block, VEKTUKE designed to 
solve multigroup neutronics probleas with amplication of the finite-
difference diffusion-theory approximation to neutron transport (or al­
ternatively staple Pi) in up to three-dimensional geonecry. It uses 
and generates interface data files adopted in the cooperative effort 
sponsored by the Reactor Phvsics Branch of the Division of Reactor Research 
and Development of the U.S. Energy Research and Development Administration. 
Several different data handling procedures have been incorporated to provide 
considerable flexibility; it should be possible to solve a vide variety of 
probleas on a variety of computer configurations relatively efficiently. 
Also, it should bt straightforward to improve the efficiency for a par­
ticular computer and small range of problec type by changing one of the 
programmed data handling procedures. The programing in Fortran is 
straightforward, although data is transferred in blocks between auxiliary 
storage devices and main core, and direct access schemes are used. The 
size of problems which can be handled is essentially limited only by cost 
of calculation since the arrays are variably dimensioned. 

The more common orthogonal coordinate systems 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 iimensions. Only 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 synmetry conditions. 

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 mod*:), 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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OUTLIER CODE ABSTRACT 

Program Identif ication: VESTURE. A Code lllock for Solving Msltigrowp 
Centronics Problems Applying the Finite-Difference Diffusion or a 
Sinple P. Theory Approximation to Seutron Transport. 

Function: This code solves usual neutrcni.es eigeuval-je, adjoint, fixed 
source, and c r i t i c a l i t y search (direct and indirect) problems, treating 
up to three geonetric di f fusions , naps power density and does f i r s t 
order perturbation analysis at the macroscopic cross sect ion l e v e l . 

Method of Solution: Ac inner, outer i terat ion procedure i s used with 
several different data handling schemes programmed in paral le l . 
Sestiained l ine over-relaxation i s used, and succeeding i terate flux 
set:; nay be accelerated by the Chcbyshev process and asynptotic extra­
polation done when dist inct error nodes es tabl i sh . Normally the 
eigenvalue of a problen i s estimated each outer i teration froa an over­
a l l neutron balance; however, source ratios are used in sone s i tuat ions . 
The difference equation i s nesh centered point. Advanced capability 
i s incorporated, as to treat direction-dependent diffusion coeff ic ients 
and zone-dependent f i ss ion source distribution functions. Macroscopic 
nuclear properties are calculated from microscopic cross sections and 
zone and sub-zone nuclide conventrations. 

Related material: Standard interface f i l e specif ications adopted 
in the ERDA Reactor Physics code coordination effort are used for 
external f i l e s . Input data i s supplied by a code-dependent external 
f i l e generated by a separate processor. Other codes meeting inter­
face specif icat ions w i l l couple directly with this one. 

Restrictions: This code i s quite thoroughly variably dimensioned. 
Generally the larger the problem, the more Input/Ou' put required 
for i terat ion . The 1000 space point one-dimensional problem has 
been solved within 50,000 word to ta l fast computer memory. 

Computet: This code has been run on IBM computers including the 
360/91, the 360/75, and 360/195, and on the CDC-7600 computer 
after the required conversion s tep . 

http://neutrcni.es
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7. Running Tine: tanning tie* is directly related to problem size 
and inversely proportional to soae Measure of central processor and 
data transfer speeds. The basic rate of solution si eigenvalue 
problems is about 200 space energy points per second of central 
processor tine on an I » 360/91; this rate falls off approximately 
as (10/M) 0- 7 where N is the average nusirer of points in one dimen­
sion, less when the amount of data I/O is low, and nore when it is 
high, excepting one-dimensional problems. Thermal reactor lattice 
and cell problems normally require more time by perhaps a factor of 
two. Problems involving significant upscatter (aulti-thermal-group 
treatment) require additional computer time by a factor of two or 
three. 

8. Programming Languages: The programming is basically in the ASA 1966 
FORTRAN language excepting certain extensions, especially chose 
required for unindexed block data transfers and direct access. Kiw-wn 
limitations 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 implemented 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). 

9. Operating System: The basic OS-360 IBM operating system has been 
used under HASP with a FORTRAN IV, H level compiler version 20.1. 
Access capability in the nodular sense is essential. 

10. Machine Requirements: A 32,000 word core is needed, and preferably 
one much larger; auxiliary storage of the disc or drun type is essen­
tial, preferably several on different data channels. The programming 
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i s included for three-level hierarchy data storage of e f f i c i en t use of an 
extended slow memory for large three-dimensional problens when such a 
nenory i s •» . ' l a b l e . Typically the code uses 27 log ica l I/O va i t s . 

11. Authors: D. R. Vondy 
T. B. Fowler 
v. W. Cunningham 
Oak Ridge National Laboratory 
P. U. Box X 
Oak Ridge, Tennessee 37830 

12. References: a. 0 . R. Vondy, e t . a l . . "VESTURE: A Code Block for 
Solving Multigroup Neutronics Problems Applying the 
Finite-Difference Diffusion-Theory Approximation 
to Neutron Transport: ERDA Report, Oak Ridge National 
Laboratory, ORSL-5062 (1975). 

b. B. H. Carmichael, "Standard Interface Fi les and Pro­
cedures for Reactor Physics Codes, Version III ," 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, the VENTURE 
neutrcnics code block, a cross section processor code block, a reaction 
rate calculation code block, and four special input data processors. 
Assembly language de- AS of local ly used routines arc included and 
copies of the docu* n*_ng report. 
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Section 001: General Discussion 

The code block VENTURE i s designed to solve multi-neutron-energy-
grouit, multi-dimensional neutronics problems. The f inite-difference 
diffusion or a simple P t theory approximation to neutron transport i s 
applied. Usual eigenvalue problems may be solved to determine the 
multiplication factor and the neutron flux dis tr ibut ion. The adjoint 
problem may be solved. Fixed source problems are treated and a variety 
of c r i t i c a l i t y search problems. Perturbation resul ts based on macroscopic 
cross sections are produced by option. 

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

The method of solution implemented i s an i terat ion process. 

The loose- leaf form of this report with sect ions in short blocks was 
chosen to f a c i l i t a t e updating to account for revis ions . 

Background 

The procedures implemented in the VENTURE code represent a background 
of effort which can be traced back to the la te 1950's, to the work of 
M. L. Tobias' and others, over this period of time a large number of 
problems have been solved in routine reactor analysis ef fort at 0RNL and 
at other ins ta l la t ions by the methods which were evolving during th i s 
period. It seems noteworthy that although theoretical considerations 
have played a ro le , this has been primarily an engineering development 
directed at economical solution of problems encountered•in analysis . The 
previous code programmed in this effort was CITATION.c 

a See ORNL-4078 for example. 

T. 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 worked on developing and implementing proce­
dures for solving diffusion theory neutronics problems, especially at the 

a b 
AEC National Laboratories, but also in private companies and in other 
countries. Ue are aware of much of this work, and acknowledge that 
published information and discussions with several individuals have made 
direct contributions 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. 

.1.1 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 ea-.h energy the inscattering source and the fission source 
are determined. After a complete 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 dimensions, 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 

aSee WAPD-TM-678, BNWL-1264, ANL-7716, and LASL-4396. 
fcSee GA-6540. 
J S M AEEW-R682, TRC-229(R). 
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ENTER 1 
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I 

* — Problea Setup, Initial Access to Interface Data Files 
-!— [Search Loop] 
— Macroscopic Cross-Section Calculation 
:— Equation Constants Calculation 
— Initialization Procedures 
— Required Scratch Data File Processing 

Pi)* 

— .— Outer Iteration Loop 
— Fission Source Calculation 

— — Loop Over Energy Groups 
— Inscatter Source Calculation (P 
— Inner Iteration Loop 
— Line Overrelaxation 
— Eigenvalue Calculation 
— Outer Iteration Acceleration 
.— Edit Iterative Results 
r 

— — [Direct Search Return to Upgrade Cross Sections] 
— ' — Convergence Test on Onter Iteration 
— — [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] 
f — Succeeding Adjoint Problea Return 
— Perturbation Integrals, £ Importance Maps 

IRETURNI 

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

The inscatter source calculation is normally done outside the inner 
iteration loop, however in one data handling aode this source is cal­
culated inside the inner iteration loop to ainiaize I/O operations. 
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directly toward a solution by determining the eigenvalue of the problea 
when certain paraaeters are adjusted. Perhaps only the analyst who has 
experienced the frustrations of and relatively high cost of obtaining 
solutions by indirect Methods can fully appreciate the utility of this 
direct search capability. 

For a direct criticality search problea, the relative buckling, 
reciprocal velocity loss tera, or relative change in the search nuclide 
concentrations is treated as the eigenvalue of the problea. No outer 
iteration loop is required. 

The calculation of aacroscopic cross sections, using the nuclide 
densities and aicroscopic 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, returns are vade to this part of the prograa for recalculation of 
this macroscopic data to account for the effects froa adjustments to the 
paraaeters in a criticality search problea. To initiate a succeeding 
adjoint problea which involves no changes in the paraaeters for a regular 
problem which has been solved, the data for the regular problea is siaply 
reprocessed, and the procedure for the regular problea 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 allows effective application on different 
computer hardware configurations to solve a variety of problea sizes. 
Still, modifications may well be required to most effectively use a par­
ticular facility, especially if it 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 structuring 
can be identified. 
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The VENTURE code represents a considerable extension over the CITATION 
code in the size of problems which stay be treated. One thousand point 
one-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. 0t> many computers, especially so 
the IBM 360/91, the extra cost associated with 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 wit i the number of space-
energy points considered. 

Standard Interfacing 

This code block was programmed specifically to operate (interface) 
with 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 a standard interface format from any source; other code blocks 
are being programmed elsewhere to generate this data, and yet 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 which uses standard interface 
dbta 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 few extensions; 
data are transferred ia blocks of mixed data type and direct access is used, 
for exaaple. Known liaits on the major computers using current Manufac­
turer's compilers have quite generally net been exceeded. For example, the 
-aTtlffn,- number of dimensions of any variable is three, the number of argu­
ments in subroutine statements is limited to sixty, and subscripts are not 
subscripted. Both short and long word storage of 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 a machine as a CDC-7600 should not be too 
difficult 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 release version of a new code. 
Our experience in documenting major codes under active development, 
development which must appreciably lead publication, has been that (1) 
in i t ia l documentation tends to be inaccurate, (2) the effort required to 
provide some ant cipated capabilities must be deferred to satisfy other 
requirements found 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 i s essential 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 formal release, 
this code and auxiliary ones to i t wil l represent a direct effort at ORML 
of about eitfht man years. 
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A aaj»r code block is generally not free of bugs, especially when 
complicated options tend to have overlapping control. Still we have usee* 
an unusually large nunber of test probleas for which reliable solutions 
are available. This testing gives us confidence that aost problerj will be 
properly solved. Part of this confidence cones 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 routine production use locally 
and via reaote terminal fooa other installations. Production use has con­
tributed directly by feedback to the developed capability and reliability. 
Sone of the individuals involved are E. J. Allen ii. the Reactor Division, 
S. C. Crick at General Electric (Sunnyvale}, and D. Lancaster at Westing-
hous~ (Madison). Testing of an early version of the code at LASL by G. E. 
Rosier and R. D. Odell o.i a CDC-7600 conputer also aade contribution. The 
code has yet to be used directly in conjunction with other code blocks 
for repeated solution of probleas in depletion and fuel aansgeaent analysis. 
Therefore, the provisions for control and repeat calculations nay be incom­
plete. 

The operation of the interfaced code blocks in a nodular systea 
locally is yet in a stage of developaent. Testing has been done with 
relatively crude programming to process the required input data instruc­
tions and to convert available cross sections into a standard nuclide-
ordered interface file and then into an energy-group ordered file. 

END OF SECTION 
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la the following discussion, information is pceseated which aay be 
aeeded by a user for effective applicatioa of the code, the required 
files must be aade available, aad there must be adeqeate apace allocated 
oa each logical aait for the data carried oa it. It is expected that 
anch of the user burden regarding allocatio* of space caa be relieved 
by aee of a refereace job control procedure available to the operating 
system; however, especially for solving large problems, it will be 
accessary to rtiiamt the allocatioas by overridiag these provided ia 
the job coatrol procedere. This procedure will also generally relieve 
the user of supplying a subroutine overlay structure; an overlay 
structure is not needed when the code ia used ae a load nodule. 

VEaTWE as a Module 

The VEXTulE code I lock is a nodule for solving neutron transport 
problem by application of diffusion theory. It ia structured for use 
in a nodular code system; other nodules whic. serve the sane role nay 
parallel it in a system. The code docs not read user input cards. Data 
supplied to it Bust be in well-defined interface data files. Results 
froa the code are placed on other interface data files oa demand for 
subsequent use. The code contains routines to produce elaborate edits 
of results on demand and always edits Ley results. 

Locally tha c&<?e ia used under a resident driver m discussed ia 
detail in Appendix C. The code is placed ia executable load nodule form 
with an incorporated overlay structure, assembled. It ia available oa 
disc which nay or may not be on-line. A catalogued procedure stored oa 
disc contains basic j.b control instructions with provision for changing 
the space allocations aad data blocking factors. Changes to the program, 

to the Fortran language compiler instructions, cam not be dona simply be­
cause reloading ia aeceaeary; such changes are therefore not allowed gamer-
ally by the local user community. The code ia used oa a production baaia 
locally aad remotely from other installations via remote terminal. There­
fore, modifications aust be carefully assessed and proofed prior to 
general use. 
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Other nodules are in use in this system. These include a standard 
input 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. Mew nodules will be phased into the system as they become 
available and are made compatible; for example, depletion capability 
should soon be available. 

Machine Time Requirements and Charging, 

Of primary concern here are central processor (cp) time, clock time, 
and casting. Clock time is quite dependent on what tasks are being per­
formed; it increases with the number of Input/Output operations performed 
during any zask, 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 system cannot achieve overlap of calculation and data transfer. 

A reference rate of fast reactor problem solution is 200 space-energy 
points per second IBM-360/91 cp time. This rate falls off approximately 
as (10/N) 0* 7 where N is the average number of points in one dimension, 
less when the amount of data transfer is low and more when it is high, 
excepting one-dimensional problems. Certain types of problems require 
•ore time, especially when upscattering is treated or the problem is for 
a large thermal reactor or a ''ell with reflecting boundaries. Relative 
cp time for the IBM-360/195 is about half that for the /91, and tbe 
IBM-360/75 cp time is about four times that of the /91. Current local 
charge rates are given in Appendix D. 

Memory Requirements 

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

1. Program (machine instructions and variables 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 Ai-a — This storage is required to allow data to be trans­
ferred in blocks, and is most important where large amounts of data are 
accessed repeatedly, as at Che heart of an itsrative procedure. Careful 
allocation of the buffer storage is important for effective machine 
utilization. The oesc allocation depends on the problem and the available 
facility, so user experience aust be a guide to reasonable allocation. 
Generally, the larger the problea, the more data which Bust be transmitted 
and Che larger Che buffers required. However, if a large allocation of 
buffers causes degrading of the mode of data handling during iteration, 
the performance can be expected to be degraded. A special situation 
exists when extended slow memory is used for buffer storage of data being 
transferred. 

4. Variably Dimensioned Data — Host 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 programmed and the one selected 
by che code depends ia»on che available core storage. A user-supplied input 
number is the dimension of che container array in which all problem depen­
dent variables are scored. The modes of data handling are: 

1. Data stored for all groups, all planes ("all-stored" mode). 
2. Data scored for one group, all planes ("mesh-stored" mode). 
3. Data stored for one group, several places (3-D problems only) 

("plane-stored" mode) b 

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

aSee Section 225 for details. 
After determining the number of inner iterations to be done for a given 
problem, the code normally will store as many planes of data there are 
inner iterations (to minimise I/O) providing enough core storage la avail­
able. This built-in procedure amy be overriden by option. 
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5. Data stored for otv; {roup, one row ("one-rov-stored" node). 
6. Data stored for one (roup, sevetal planes (or one plane for 2-0 

problem) in extended slow core and moved by smaller blocks into 
fast core C^sulti-level data transfer" node). 

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

Basic Requirements(IBM short word, 4-byte) 

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

When operated under a 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 additional 
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. 

i.i»<n«ry 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 problem 
requires 5 x 10 6 short-word (2.5 x 10* long-word) storage for one set of 
the flux values. Not only must three sets of these be stored, but one or 
two copies of the equation constants, each requiring about four times as 
much space as one set of flux values. Not only must this storage be avail­
able, ̂ eueraiiy on disc units, but also separated between control channels 
for efficient data transfer. When one disc unit is inadequate to hold 

a file, the data must spas 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 Intor.njtior 

In the following sections, the information needed for a comprehensive 
understanding of the program is presented. This information is directed 
at the programmer making modification to the code or converting it from 
one computer to another, and is intended only to supplement 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 transfer of data 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 routines ar2 used to allocate memory 
and to define the direct access files and access parameters dynamically, 
and also to obtain time and computer model; the functions of these routines 
would have to be satisfied or requirements and associated capability by­
passed. 

END OF SECTION 
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Section 201-1 Information About Subroutines 

Here principal information i s provided about the subroutines. Where 
practical , they are grouped into s e t s to identify those which are used 
together to perform some well-defined function. 
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fEVTOII SBBBOBTIBR 

TM ACCESS. COB1ML, AID 6HBBAL POIPOM BOOTIBES 

R A H B R B T P O I R TO T L ! R B T O H B E R M B I C S CODS BLOC I 
C A U S M B S R , T I B B B , M P C , IOBO, F M T , N I P 

IOBO ASSICBS I B F O T / O R M T BAIT MHBBAS 
PBBT ACCESSES CODB BLOCK COBTML I B P M B A T I M 

CALLS SBBB, PBBB 
DBI? P A S S M IBPOBBATIOB TO M B COBTBOLLM BOBTZBB 

ALLOCATES COBB S T 0 1 ACE 
CALLS GETCOB, B O H . BOAT, B I P P . DO P C . P I E C 0 1 

DIPP COBF BOLS M B CALCBLATIOB 
CALLS COBB, BAC1, C 0 B 1 , M I A , OB L I , COBC, LCAL, P U B , 

P I S B , B 5 0 T , AJBT, P B 0 5 , BOPC, OBTB, M M , B C D , 
D I B S , AJDS, PLBD, ADB1, M I T , S A V 1 , M M , T I B EL 

COBB D R M B I B A S STOIA6E BBQ1IBBBMTS ABB DATA M B D L I M B M B S 
CALLS COBI , C O M , C U B , C O M , C O M , M S P , M M , S K H , M M 

COBI O M A I B PILE SPBCIPXCATIOB BBCOBD P B M IBTMPACB PILES B B I M P , 
SBATDB, 6 B M I S , ABB CBOQST 

CALLS S I B I 
BASB SETUP DXABCT ACCESS P I L E S 

CALLS BOPC, P B H 
TIBM SElflCE AOBTIBB POB COBPMH TIM ETC. 
STOB SRflCB IOBTIR POB BOPIBC DATA IB BAIB BHOM 
M M PILE MBAMBBBT BBLATM MMB BMSA6BS 
PBBB ALL OTB EA FATAL BMOB BESS ACES 

MB IBPOT/OBTPBK M M I BBS 

BOPC IBITIALISM, OP BBS, ABB CLOSES BATA PILM 
EBTBT BOAT COBBMICATM DATA ABMTS 

CALLS SBM, BITB, DBPtLE, CLOSM, (PB5AB AM BBTBIBS) 
BITS DATA TBAISPBI IABACEB ABB BBITBS DATA (POBT2AB MITEI -

CALLED BI ROSY BOBTIBES 
EBTBT AMD BBADS DATA ZPOBTBAB BEAD) - CALLM BT BOST 

BOBTIBES 
E R R IOII COBBMICATM DATA ABMTS 

CALLS CUT, CBM, (PBSAB AM BBTBIM) 
M M XHBBPACi MTA PXLM BABACM 

CALLS BITS, BEBD 
CBIT AMMBA.T LAB0D MB 1 OPT I BE POB CMB TO EETEfBBD COBB DATA 

TAABSPBB (MB SBCTIOB 209 FOB TM POBTBAB BQBIf ALMT) 
EBTBT CBM RTEMED COM TO COBB MTA TBABSRB 

DEPILE AMHBLT UBCBACB BOBTXR TO EIBCBR TBB POBTMB MnBB PILB 
STATBMR BSIBC PBOBLEB DEPMDEBT f ABIABLB fOPHS BIBBCT 
ACCESS PILM} - ACCESSES STSTM BOBTIR IBCMIOS 

CLOSM AMMBLT UICOACB I00TIBB TO CLOSE DIBBCT ACCHS FILM 
PBSAR LOCAL X/0 BOOTIBB BMD ALOM BITB TR XM X/0 PACKA6B TO 

PBODOCB SPECIAL CAPMXLXTT - BOT BSM IB TBB COM Af IBLSASED 

ICOBT) 



281-3 

TBB CAICOIBTIOB CP BICSOSCCPIC CI CSS SKTICBS 

BBC1 CCBTBCIS MCBCSCCtXC C9CSS SF.C110B CILCOLITIOB 
C1IIS BBCB, BBCB, BAC2, S C t l . BAC3, BBCS, CBM, U C « , 

I l l C t . 5EEB, «BBB 
BBC* IBITIBl f BOCBSSIBC CP C IIP IS 

C1H.S STOB 
BBCB CBBCB BABIS BBB C1BSSES OB BBISfP IBB 6BBPIS FOB BCBEEBBVT 
*BC2 CBLCBUIB BBCBOSCOPK PBIBCIPBI CBCSS SBCTICBS 
SCBt LOCATES fCSITICB CP SCBTTEBIBS IECCIBS OB 6BBPIS 
BBC3 CALCBLATS BBCBOSCOPZC SCITTBBIBC CBCSS SBCTIOBS 
BBC5 EBJEST eiFPBSICB COBSTBIT BBB SCBTtfBXBC BBTB POB P I CBIC. 
CBBB CBBCK BMIBSZOB SIBBCB BBTB 

C l l l S SBBB 
BBC* CALCBIATI BBCBOSCOHC SEAICB BBU 
1BC* EBI1 BBCBCSCOPIC CBCSS SKTIC1S 

TIB CBICSIBTXOB CP BQBBTICB COBSTBBTS 

COB1 COB1BC1S EOOBTICS CCBSTIBTS CALCBllTIOB 
CBUS BSBO, I tCT, BSB1, COM. 6B0Q, COBS, BSB3, CECT, 

CCBB, CCB5, COB?, COBB, STOB, SBBB, P H I 
BSBO SKTBf COB ISC MSB PBBBHBTBBS PCI IB BBD 2B CBSBS 
i t e r COBVSST I K I O I BSSICBBBBtS BT CC1BSB BBSB TO PIBt BBS! 
BSB1 CALCBLATI PIBB BBSB BISTBBCSS 
COB2 SBTBB BCBBBBBT CCBSTABTS BBB MCEIIB6 
6BOQ CBABCE PBOB 3B TO 2B CBSB 
COB3 BBSIBBCIBBB UCBOSCOPIC CBTB BBC SEEO BOB CBOSS SBC1IOBS 

CBLLS BBOB, SlOB 
BSW3 BBIT PI IB BBSB CISTBBCBS 
CBCT SPTBP XBBEXIBC FOB BIPPBSXCB CO IS 1 1 ITS 
COW CBICBIIISS LBBEBBE COBSTBBTS 

CBILS BBOB, BBBT 
COB5 CBLCSLITBS LBBBBSI COBSTIBTS ITHICOBAL) 

C l l l S BBOB, BBBT 
COB7 CBtCBIBlIS LBBBMI COBSTBBTS (EtIICOBAL) 

C U I S BBOB, BBBT 
COOT CBLC1IBTI SOB1 BOIBBBS fBOB BI610B POiOBlS BBB BBTBBBIBB XOBS 

BITB BAI1S1B BS*SI«t»fOl 
CBUS BBOB 

•BOD PBBCTIDI TO BBTBBBIBB IBTBBBBI BiBCf ABSOIBBI SOBBS 
BBBT PBBCTIOI TO CAiCSUTI BOI-IETSBI I I M I C I COBSTBBT 

TBI I B I T I I U U I I C I PBOC1SS 

PEIA COBTBOIS f l V I XBXTXBLXSI1XCS 
C l l l S P I X 1 , EBI2, IBI3 , P i l l 

PBI1 XBITIH, f l t l IB COBfttSI 
cms BBOB 

(COBTJ 
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MX2 n iTIM. I IM IS A PMCtlM OP MACS AW M I M t 
CA11S M M , S I M , M i l 

IN* cuxrovi n n n ixniiaitsM n m m 
SMI CiLCItAtI S»ITIU. I d t l l i m i l M K N M S 
M i l PMCIM IOTXAL n i l VIM f i l l n i W l C I » A t M B I M M I 1 

M l I B I I K t V t M l TIXAMM& AM I H M A I W i l l III) 
emus »n« # tns .n i t , n o * s*w 

P H I IB H I IMAISXM 
I D S 21 f W IBMMIM 

O U S » M » , K M 
MIC » P i n IMABStCI 

CAUS M M . fC2#> IC2I 
M M m t m i M w i r n w A v t t i c u t n i N O T 
K 2 I PMCTMI M I I I M U M Alftf lCIAI CCMM M i l - 21 
K M P M H M I M BOTIMIM ABttfftCtAI CCMM M R - M 

CBUt K M 
o m C H I M U c f u n u i m i i B B M i f t i i u m a m t M 

CAUf N N , CM*, n i l 
• A M c A & c n i f i OTHMtAunei c u r t I C I I I B A M m n i m i i M i 

CAUI I I C I . M M 
PMCTWI M KTtMXM M M M H M I I t MMJIItM M l 
M l t A M IACMSCMK CMft MCYXCIS AM C f R I MTA I M 
I f l l M I I I MICM8 

i n i n u n n I I C C M S 

C M C m u n i c v r i t t 
ICAL CALCUA1IS S tAIUM AMMSMS XI MIA AMAf 

CAUS P t l l 
n n O V T I I M X m n u n i t 
P I M M T A I M a n m i c n c i o u t MM 
ISQf SIAICI CAICIUTXOI I t l t l T T M K I I I 
AJIt SfTS M I W I T / O l t t l f H I M POt M l A M U R MOI»M 

CA1IS l l f l 
• I f 1 PMCIMtS S C l t t M I M MIA M l AMCXIT I M U I I 
IMS SIT! M XIMT/MTMT F I I B 

CAUS XX03 
txo3 raoctssts niBcxfii cms sictxcis 
K I P CALCUA1IS XIMIlCf MCUBI SIAICI CIAMI IMIIfAISI 
•CXI C 0 I 1 K U SIAICI CUCIlAflOf 11X1 CftXMS 
I I M CALCtlAfIS IXIMSIOI SIAICI CMMI FACTCI 
AMS CM1ICLS CXItMXOI SIAICI CI A K B 

CAUS BOM, 1X12, 1X13 
1X11 BIABS CCAMB I t S I M I H I f l S PMI I kAICI XITMPACI PXLt 
•XR2 COnMLS COAIS1 I t S I A l l fOlIM CIAMM - f l l t t S I I I MOMT 

CAIIS CIIS, CfCf 
1X13 CWTMIS CMMI S M I TOIMIS • MXftS I I I IIXSIP I t f t i rACl 

CAllf I t l f 
S f l f CMKIS SMI POLMIS 
PLM IIAIS a t t lST fOI PXIM f l i t Ot H S f - IXItlSXM SSAICI 

CAllf PMI 
ICOtf) 



CMS C H U B 
CM* CU.CHft.tt IMMtl IMS PMtJ SUM tCU est it can 
CStl CMMM t l 
MM H t t S PXSM MM - CXMMtCB SIMCI 

CBtftS BOSS* MIS* BBSS* SSCS* 
• SMS* BMS* ' 2 « * " • ' • CS)M* 
* H U f B K t SMS* MiS 

SfSS CtlCSUttt TM MMCt SISSCB 

CM1 

f f t t CSUStttSS MM HrSSMUtMS tICtCM 
MPS t S i l t M MtMbtt m MS M m n i C t f X M MOSS m i Mctts res Mt nat vstns SMM S MI SM •ttt 
MM MSSBM MM CI CllCtUf MB CSMMICTS 

CSltS f * i l f MSB* MSS* MM* MBS* MSS 
SSM SCAttMMS SSMCt CSftCMStMS CCtttCl 

cans sen. sssa* SMI* SCM* SBSS* MM 
MM t-1 SCSf tMMS MMCt CStCStSttCS CCBTBCl 

cans rest, MM. MSS, MM* MSS 
run m i l IIIMIMS e m m 

CftllS XM1* XSSI* IM1* MM* BBS* XIM 
MM O f SSMUtMS SMMMM MSCSMXM m i SXMXS tssM SCM MM iMtammcs 
STB2 SMH.I MBM BMt f l M S8TMMXMXCB 

Mtff SM MfMUS MM ^BXM tlltCT SMUSf SMSCt nsi csusutns n a m BMTXM BMS met suttst fin ttitit isttsst m i 
ClLCSIAtlS OSS-MMMIOMl SSMI I tSMtf tU 

• M l CMtNLltS MS MMtXM SXMSC MBSHTSS 
cant I S M * tsss, f t i t . M M 

IM2 MSMM BMSIC BBM1TXSS 
I N ] M i l l SUB BSMRHS 
IM1 MBit XflMTIM CtraOl |1 BOB StCBM BCSS) 

CStlt MSI* IMS* BtU* lfBI 
10S1 XB-1IMM1 CMCStJfMB 
FM1 VISSXM SSMCB CtlCtUfMB 
S0S1 SCSflHXM SMKB CtECSlSfXM 
MSI f-1 SCS11MIM MMCS CMCUtUCB 
U11 Otf-lIAMCt CilCStBfXOB 
IM2 XHIB ItlffftTIOB COSIBOl ( t i l Ctlt tlOBtB MSB) 

CtUS 1082* MM, BUI* 1SB2 P O M rxssxcs tcssct cticsittics 
tOt2 IB-If BE U f CUCtllf X0B 
MB2 SCt l lHI i t SCtBCl CtlCBltTI0P 

icom 

http://CU.CHft.tt


201-6 
BOH2 ?-1 SCat 1 1 3 I K SOBBCB CEICBiatXCB 
\x%2 OBT*itaaacB CBICBIBTICB 
IBB* IBBfB IIIBATIOB COBtBOl ISttCi ItCELU BETA STOBBB BODE) 

CALLS L©S3# BBCE, BELE. I t t l 
LOBJ I B - I E M W T CALCOIATIOB 
POBI PXSSIOB SOBBCI CALCCLATICB 
SOB) SCATtEBXaC SCBBCE CBLCBtSTIOB 
BOB] P-1 SCETIEBIBC SOBBCE CALCBLaTICB 
LBB3 CBT-IEABACE CBlCBiaTXCB 

i n * iBBif xtiaaTiOB COBTBOI IBBLTIMK ELABE BETA SXOBED RODEI 
CELLS i o s a . goes, QBLB, I B M , SOBE, JIC% 

LCB* XB>itaaa«i CUCOIBTIOB 
BOB* riSSXOB SOBBCI CatCBUTXOB 
sot* SCATTEBIK SCBBCE caiXBtarxoB 
SOBE SCatTBBlBC SOBBCI CALCBLATIOB 
BOO* f - 1 S C i l l f t I K SOBBCt CALCBLATICB 
L E E * OB?-LiaaacB c a i c a u t i o i 
JK« Btl BCT J CALCBIATICB 
ONE aCCISSES BBSXME CaBCBtatlCB 

CaiiS BBBE 
Qltl aCCfSSBS ELBE CALCBLATICB 

c a n s BEIE 

IBBS XBBfB XTEBETIOB COBTBOI 3BBLTI-SOB StOBEB BOBB) 
CALLS LOBS. BBIE, BE1B, IE»5, J1C5 

LOBS IB-IE IBM I CaiCBlBTXOB 
BOBS rXSSTOB SOBBCE CALCCLATIOS 
soos SCAHEBIIC SOBBCE CALCBIATICB 
BOBS B-1 SCaTIEBXBO SOBBCB CALCEUIICB 
JK5 ML BCt J CElCBXaTICB 

IBB* CCB1BCL1II BOBTXBI BOB TIE SMC1U CBB-BiaEBSXOBAL BBOCBDBBB 
roaa rissioi scaact CALCCLATXCB 
SOB* SCaiTEBXSa SCBBCE CaLCBlBTlOB 
BELX LIBI BBLAEATIOB BIIBOBT CBEBBELASAIIOB 

IBSI IBBtl XIIiaTICB CCBTBOL fBILTI-IEffl BETA TBABSPEB SOBB) 
c a n s I C B I , ICBE, EELS, IEBE, SOBX, JICE 

LOVE iB-iiaaaci CALCBLETIOB 
FOB I PXSSXCB SCBBCS CEICBLBTICB 
soar scaTTEBxaa SOBBCE CALCBLATIOB 
SOBX scaTTEBxaa scsaca caLcaiarioB 
BOfX *-1 SCITIEBIN SOtBCE CALCBLAIICB 
LEBE OBT-IIABISS CALCBIATTOB 
JICE DBL BOT J CALCILA1I0E 

ICOIT) 
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TBI 10IT BCOTIBIS 

t e n coBTBOLS t o n s 
CALLS BBAL, M O , PIIC, PEAT, 1SQS. PISS 

COOP EOIT IBCfXEB DE3CSIFTI0B 
6IAR ECIT CBOafTf T ABB CBSCI POP f A l l B I T t 
COBB P.BI1 BAJCF PBCBIBB FAPAEEftBS 
COBt tBIT EOBBCAST IBBICATOBS ABB CBICf POB 1ALIBITT 
BDSP SOU STRBCUC PABABETEBS PCB IISB SfACt |XM 300 JCt) 
POO* PBXBTS U l l . POBBB BEBSITT, BEBTBCF 9EBSXTT 
BBAL PPIBTS BHTBCfl EAXABCE 

CALLS SOBL. SBEB 
SOBL CALCULATES BEOTBCB EA1ABCE SCfTTtf IBC BA?A 
PISS BBITES FISSIOB SOOBCS IBTERPACE (FISSOB) 

CAI1S SREB 
BSQS CALCBLAUS BBCBLIBCS IB J-B PBCBLEPS 
PfBB CALCBLATIS PCOEB BBC BEOTBCB CEBSITT 

CALLS P O r i , SBEB 
PLXB BBI1ES PICE IBTEBPACP CATA F i l l 

CALLS POST, SfEB 
SAW1 SPECIAL CATA COTCOT IB ECB POSB 

CALLS SAP2, SAOO. SAPi 
SAP2 SPECIAL CATA OOTPOT I f ECO PCfB ;CFCBST) 

CALLS SAP3 
SAB3 SPECIAL CATA COTfOT IB ECB FOBB ;OfCOST| 
SAP* SPECIAL CATA OBI POT IB BCB POBB fftCIOT) 

CALX* SAPS 
SAP5 SPECIAL CATA OOTPOT IB BCB POBO SEfBIOT) 
SA06 SPECIAL CATA COTFOT IB ECB PCM fB1PL01| 

CALLS SAP? 
SAP? SPECIAL CATA OOTPOT IB ECB PCFB IFtPL01) 

TBI PEBTBBEATICI BOBTIBES 

PEBT PEB1EFBA1I0B CCBTFOI 
CAIIS DAPA#LIPE#TBFT,PEBCatAFS,BTOE*QOBT,SReR 

BAFA SETS OP I0PBT/O0TP0T PILES POP lEflBBOATIOO CALCBLATICB 
LIPE CALCELAfiS BASIC PFBTBBiATIOB IBTECIALS 
TBPT CALCBLATIS TEABSP0B1 PEBTBBBAIICB IFTSSfALS 

CAIIS BBB1,BEE2 
BBB1 PEBTB9BA110B BlILITT BOBTIBE 
BBB2 PEB1BBBA1I0B PTIIITT BOOH BE 
PFBO EBITS PE110BBA1IO0 IBTECBAIS 
RAPS CALCOUTiS SPACE ICIBT IOPOBTIBCI RAPS 

CALLS PBAP 
FRAP COMIC IS I t IT OP IBFCBTABCE BAIS 

CALLS QOBT 
QOBT EDITS SPACt POIBT IRFOBTIBCf B1PS 
BTOB H I T IS IBlfSPACS PILE PEBTBB 

CAIIS SEEB 
MPT CALCBLATFS CRABCI I f REPP DEE 10 SICEAS 

ICO Pi I 
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Section -Oi-i: transferring Jata 

To facilitate any changes which eight be required to the arthod of 
data transfer between senory and auxiliary storage, the routines REED and 
RITE with known functions have been used. SEED transfers data tree auxi­
liary storage into memory, RITE soves data froc sesory onto auxiliary stor­
age. These tr. osiers are aade in blocks (arrays) oi data always under 
the guise of 4-byi*. IBM floating point Busters. 

Sequential Access 
A record ir kept of the access position of each logical unit. Upon 

any request for a data transfer operation, the access position for that 
unit is checked with the reference record nunber provided. If properly 
positioned, the transfer is aade with a Fortran READ or WRITE statement. 
If not properly positioned, repositioning is done to a higher record num­
ber or a rewind is done and repositioning done froet the start. (The back­
space capability is not used; trouble with this technique has sisply 
caused us an inordinate amount of trouble locally and on conversion to dis­
tant facilities, and has been a costly penalty in analysis effort on 
projects.) Thus for transfers which are Bade sequentially, the ta<ks are 
performed directly. 

It is noted that the technique implemented say discourage .arrving an 
access position fro* one routine to another. This practice is centrally 
deened to be undesirable, that is, to read to some point in a data file in 
one routine and then continue reading in another routine, because it re­
strains sequencing routes. The access position data is carried in an array 
in a labeled conon 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 not 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 it has been written will cause an error 
message edit. 
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Direct Xccess 

It is true that all oat a transfers could be made in either the direct 
access node or the sequential access node by repositioning- However, we 
find generally that when data is sowed sequentially, sequential access 
is the aost efficient. The nultiple repositioning associated with 
accessing records out of order is a serious penalty when sequential access 
is used on aany systems. The solution to this problem with storage on 
disk units is to carrr a record accounting in the operatiag systea and 
transmit a single positioning order, the direct access node, in the »;ir«rct 
access by record :*>de. «nly fixed length, unformatted records are acveu. 

To allow both sequential and direct access nodes of operation in a 
program requires identification af the node for each logical unit. This 
could be done by (1) using different routines or set flags in the program. 
(2) defining a range of logical units for one type of access, or (3) pro­
viding flags. We reject (1) as inhibiting interchange, and (2) as ar 
undesirabie and not a sufficî ttr .<-*.-. .-ie scheme selected 
allows use of a local adaptation of the I W system routines to be used. 

For efficient execution, parameters such as record length =ust be 
sade probiec dependent. This is done with routines adapted locally which 
aust be accessed prior tc use »u the auxiliary unit to open it. 

Core-to-Core 
An implementation was adopted which allows data files to be stored 

in rsenory (extended core) if sp;ce ailvjvs. In this node, 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 this capability locally. 

Multi-level I/O Hierarchy 
Capability in the routines provides for storage of data in an 

extended (slow) core and input/output with both disc and memory. This 
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capability adaits simulation and tes t ing of the node on a Machine lacking 
extended core by use of aeaory. It also provides a useful node of operation 
tor A large neaory aachine, s ince the core-»to-<at pndtd-core transfers are 
siaply aoveaent of daCa between neaory locat ions. 

The Input/Output Routines 
Ue expect coaproaises to be aade in the cooperative inter ins ta l la t ion 

e i fort ou the scheae used to adait a variety of input/output techniques to 
be used in a code. The code uses a preliainary iapl«aentatioa of the input/ 
output service routines which are l i s t e d along with their functions in 
section 201. A l i s t i n g of docuaeating consents for these aanagfng routines 
i s prcscatad l a Figare 203-1; the concerned prograaaer should refer to the 
Fortran l i s t i n g of the routines actually distributed. 

9 
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I O N m MB S M S . M M . I M SITI S I M SMC I M 

SMC ISS 
•SB BMC MS 
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SIS 
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JM 

M t M S M MS M M M M 
• • IMflBUSSBKB. S W S W SSMMM. BMMM MB 

am TtT S f M U S M 
SRMSS I f M B U l • ISM II BJM SBBT 

IBM* f i t • SMT m IBM* MIT 
I M M f l l * M M O ISMBSM W W MI' 
MMS I I I M M ISl MB BM SSM M SBT 

1- SMS SCBSMB SMS ftLt 
2 -C!S*S SCBMCB MTt ftU 

ICUSIM R U B IIMIS IS U l l l l l l M M M f B 
M M M m Mf MSB M M S 1 IBM MMMSI 

* *m» m, CUM au n u s M BBM u a n u a mm U S I C i l MIS M M M 
M M M M IMfCM M M S 3 f f TM f a t 
MSJCai MCMS USSTB IMMISBS MB r n u ussn 

MS 
MS 
9fS 

• M 
• IS 
I N 
• J S 

• M 
•SB 

U LMtCU. MIS M M M MFC «7C 
MB 

U &MJCA1 MCMS USSTB IMMISBS MB N S M U M M MM • » • 

fMBTI 
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C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SESV1CE B08TIBES BSBt BBD EBTBI POIBTS 

BOPC BABBLE PILE OPEBIBC, ETC 
8 DM 

BITE DATA TBABSFEB 
BEEB B O I I 

CBIT COBB. EXTEBBEB COBE BATE TBABSPBB 
CBEB 

SBEB BE8ACS IBTEBPACB BATA PILES 
PB5AB LOCAL BATE TBABSPEB SCBEBE OSIBC SISTEB BODTIBBS 

PBEB PBISP PBBAO PHBiTS PPBTSP POBSPC PBBSPC PPBTB PCBECE 
(PLABS ABB TO SPLIT BP TBXS LABCS BOBTIBE) 

BEPILE IBB POBTBAB BIBBCT ACCESS PILE OPEBIB6 
CLOSEA CLOSE rOBTBAB BIBECT ACCESS FILES 

BOPC1000 
8OPC100S 
BOPC1010 
BOPC1020 
BOPC1030 
DOPC1040 
BUPC10SO 
OOFCIOtO 
BOPC1070 
BOPCI080 
BOPC1090 
BOPC1095 
0OPC1I00 
Dopcnto 
0OPC1120 

CBXTE BETA TBABSPU BOBXIBE. OBBL fEBSIOB 
C BOBIPIEB J » - 1 - 7 S 

SBBBCCTIBE aiTEILBB.IBBC,ABBAr.B80S,aOBE) 
C 

coaaoB/a«atia/B0BOBfiooi*BfEas(loot.BEBoatIOOI, iaocofloot, BDP. 
• ai0.IBPT.I08T,JOBT,IAV(11),IEBA 

c 
OIBIBSIOB ABBAMBNOSI, 1 ( 1 } . KE(H 

c 
BEAl*8 BOBOA 

W I S BC8TIBE PACKAGES TBI PBOCEBOBES POB TIABSPEB CP BETA BETHFEB 
BEBCBT ABB BISE ABB BEaOSf - BEBOBT (PSEOBO EXTEBOEO COBE) 

OB S08E COBFOTEBS I T MILL BE BECESSABT TO COBBOBICATE TEE 
S1ABTIBC AOBBESSES OP ABB ATS KB AIO I D SORE OTBEB BABIES 

C c c c c c c c c c c c c c c c c c c c 

c 
c c 

L8B 
IBEC 
ABB 41 
BBOS 

BODE 

LOGICAL BB1T BOBBEB OF T8E FILE 
BECOBB BWBBErt TO EE ASBBESSED 
BEPKBBBCS ABBAT I B COBE TO PROVIDE LOCATICB FOB TBAB5PEB 
LEMiTM OP TH£ ABBET TBE BE TBABSFEBBED 

I F 0 . BKUI80 CELT 
I F . L I . 0 . EBD FILE AID BEOIBD OBLT 

OS80 PJB ASIBCHBCBOBS OPEBATIOBS 
0 - BO 
1- TBABSPEB OPEBATICB 
2- CH£J* PBEflOOS TBiBSFEB COBPLETtOR, FECBIBED AS A 

SPECIAL OB EXTBA CALL PBIOB TO P5E OF 1SE DATA, 
ttCiVt tfHEl PBOTECTIOB IS PROVIDED BT A SDBSEQUEBT 
CALL FOB ADDI1IOBIL DATA TBABSFEB PRICE TO OSE 

1 0 
CO 10 101 

20 
30 
• 0 
50 
to 
70 
90 
90 

VABIABLE LEBiTtt OACA BLOCKS COHBUBICATED BEEE (OB SOHE Of THE 
S T S T M S . I B I S HOB'I 80BK - A FIEED COHBOB BLOCK CAB BE OSED) 

EBTBI BOII < I . B , X , L , KK ) 

BITE 
BITE 
BITE 
BITE 
BITE 
BITE 
BITE 
ERE 
BITE 100 
BITE 110 
ERE 120 
BITE 130 
BITE 1*0 
BITE ISO 
BITE 160 
BITE 170 
BITE 180 
BITE 190 
RITE 200 
ERE 210 
BITE 22C 
BITE 230 
BITE 2«0 
BITE 250 
BITE 260 
BRE 270 
BITE 280 
BITE 290 
BRE 300 
BITE 310 
BITE 320 
BRE 330 
BITE 3WO 
BITE 350 
BRE 360 

(CCBT) 
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c • 
c E 
c L 
c KB 
c BB(I) 
c KB 121 
c BE |3 l 
c K I M 
c BE (SI 

LEBGTH Or THE EITEBDED COIZ DIM COBTPIBEB ARRAT E SITE 380 
BXTEBDEB CORE DATE COBTAIBBB ARRET RITE 390 
LEB6TH OP TEE KB CCBTROL ABB AT BITE «00 
COST AOL AMAI I R E *10 

LEBCIH OP TRE CORTROL A BRAT BITE *20 
SIZE OP THE EETEBDED COBE DATA COHTAlHEE ABEAT BITE B30 
OSE Op THE SPACE FOB COBTBOL DATA BITE ««0 
ABOOBT OP TRE EZTEBBED CORE DATA ABE AI DSEO BITE «S0 
LABCAST OSE OP THE BXTEBDEO CORE DATA ABBAT BITE «60 

CSEEK OTILITT BOBTIBE POB BABACIBG IBTERPACE DATA PILES SEEK 10 
C RODIPIED 3 - 1 - 7 5 OREL VERSIOR SEER 2C 
C SEEK 30 

S0BBO0TIBE SEEK(BBAB£.irSRS,BBBr,BOP| SEEK %0 
C SEEK SC 

COflBOESHGariO/HOBOBf100).BTEBS(100).BED0fl(t00|,ia0DDf100), HDP. SEEK 60 
• BI0.1BPT.IOUT.JOUT,IAT(11|.IERA SEEK 70 

C SEER 8C 
OIHEBSIOB PRABEflSl SEEK 9C 

C SEEK 100 
REA1*B HBABevriOBOB,BLABE.CBABGE,P0BGE#COBTBL,PHABE SEEK 11C 

C SEEK 12C 
DATA PBAHC/WiCUBTilL,6HGB0PZSv6RGE0DST,6HBDESBP,tBZBATDB# 6HS PARCH, £EEX 130 

• 6RRSTRTB,6HBTPL»1.6HATFL0Z,6BBZPL0X, 6RPBDIBT,6HCIS*2R,6HIS0TXS,SEEK t«0 
• 6BISOTX5,6HPZXSRC/ SEEK 150 

DATA CHABCES6ilCHABGfc/ SEEK 160 
DATA BLABK/6H / . PU BGE/6BPBBGE /.COHTBL/6HCOBTB!./ SEEK 17C 

C SEEK 180 
C PILE BABAGfcBBBT SUMOOTIBE POB STABvABD IBfEBPACE PILES SKX 190 
C AILCBXBG OBLI OBE PILE TO A LOGICAL OBIT SEEK 200 
C SEEK 2IC 
C BBAHE PILL BASE (EXCEPTICBS HOTED BELCH) SEEK 220 
C ITERS riLb VERSXOB BBHBEB IEXCEPTIOBS BOTED BELOH) SEEK 23C 
C BBEf LOGICAL OBIT BOBBER 08 EPBOB BETORB COBDITIOB SEEK 240 
C (EACfcPTIOBS BOTED BELOH) SEEK 2S0 
C BOP OPTIOB BDBBEB IEZCEPTIOBS BOTED BELOB) SEEK 260 
C HO If OB (I) Hi.it BABE IB CATALOG, I IS LOGICAL OBIT BORBEB SEEK 270 
C PBAHE CATALOG PILE BARES POB IBIYIALIZATIOB SEEK 280 
C BVEGS(I) PILL VERSlOB IB CATALOG SEEK 29C 
C BEDOB(I) DATA POB I / O TASK (BECOtD POSIT JOB POB SE0OEBTIAL) SEEK 30C 
C IBOCD(I) ZEZHBIOOE OP DATA TBIBSPEB IBDICATCB (SEOOEETIAL, 0) SEEK 310 
C ZAP STOBAGE ALLCBED POB DIBECT ACCESS PABABETEGS SEEK 32C 
C RDP BOBBER OP PILES IB CATALOG SEEK 330 
C BIO LAST LOGICAL OBIT BOHBEB ASSIGBED SEEK 3*0 
C IBPT USES DATA IBPOT LOGICAL OBIT SEEK 35C 
C IO0T US&k OOIPtfT CATA LOCICAl OBIT SEEK 360 
C JO0T OSLA CUBDEBSED (TEBRIBALI O0TP0T LOGICAL OBIT SEEK 370 
C IERA OSEO POB EBTBT PRCTECTTOB IB DOPC SEEK 3«C 
C SEEK 390 
C PBIBABt COBTROt OPTIOBS SEEK A00 
C SEEK «1C 
C HBARE > 'CHARGE* IBTERCHABGE PILE HAHES ABD TEBSTOB BSBBPBS SEEK *20 

(COBTI 

http://Hi.it
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C IBPOT - UBABE,ITESS.BBEP,BOP SEEK «30 
C IP I WEBS SO 0 , TBE BABES ABD TEBSIOB BDRBEBS ASSOCIATED SEEK *«0 
C BITS CATALOG POSITIOBS BBEP ABr BOP BILL BE SEEK «50 
C IBrERCUABGEC SEEK 460 
C IP H E AS ST 0 . TBE BARES ABD TEBSIOB BOIIBEBS ASSOCIATED SEEK «70 
C LOGICAL UBIT BOBBFBS BBEP ABD BOP BILL BE SEEK «80 
C IBTEBCHABGED SEEK «9C 
C BBEP MILL BE RETOBBED ZEBO POB EBBOR COBDI1IOB SEEK 500 
C BOP = 0 . 1 LOCATE PILE PBIOB TO BEADIBG, BRITIHG SEEK S10 
C IBPUT - BEAR£,IfEPS.BOP SEEK 520 
C IP ITERS El) 0 , BROBBS TERSIOB BOBBER ABD LOGICAL SEEK 530 
C OBIT BOBBEB OP TBE LATEST TEBSIOB SEEK 540 
C IP ITERS EO B, BETORBS LOGICAL OBIT BOBBER POB SEEK 550 
C TEBSIOB B SEEK 560 
C BBLP HILL BE RETORBED ZEBO POB EBBOR COBDITIOB SEEK 570 
C BOP « 2 CBEATE A BER PILE TBBSIOB PRIOR TO BBRIBG SEEK 500 
C BILL INITIALIZE CCBTBL IP BOT IB TABLE POSITIOB 1 SEEK 590 
C IBPOT - BBABE.BOP SEEK 600 
C BETORBS BEk TERSICB BOBBER ABD LOGICAL OBR BOflBEB SEEK 610 
C ABD ADOS BEB [ATA TC CATALOG SEEK 620 
C BBEP BILL BE BBTOBBED ZEBO POB EBBOB COBDITIOB SEEK 63C 
C SOP * 3 CATALOG IB I t l A LIZ ATI OB. POTS DATA OB OBR ICAT SEEK 6«S 
C IP BREP .CT.O, IT IS TRB BOHBEB OP PILES PROS TBE LIST SEEK 650 
C ROP * « POBGIB6 OPTICB SEEK 660 
C IBPOT - RBABE,ITEBS,BCF SEEK 670 
C IP BBABE Ett aP0BGE • , ALL PILE BEPEBEBCES BILL BE SEEK 680 
C IiELEISS EXCEPT POB COBTRL SEEK 690 
C IP BBABB BE *P0BGE • ABD ITEBS EO 0 . ALL TEBSIOBS SEEK 700 
C OP TBE PILE BILL EE DELETED SEEK 710 
C IP BBABB BE *POBCE • ABD ITEBS EO B, OBLT TEBSIOB B SEEK 720 
C OP TBS PILE BILL BE DELETED SEEK 730 
C BOP » * EXTRACT COBIIB1S OP CATALOG SEEK 7*0 
C IBPOT - ITERS,BBEF,BOF SEEK 750 
C IP ITERS £0 0 , BBEP BILL BE TBEATED AS TBE POSRIOB SEEK 760 
C IB TBE CATALOG ABO TBB ASSOCIATED PILE BARE, SEEK 770 
C TBRSIOB BOBBER, ABD LOGICAL OBIT BOBBER SEEK 780 
C BILL BE BETORRBD SEEK 790 
C IP ITERS GT 0 , BREP BILL BE TREATED AS TBE LOGICAL SEEK 800 
C ORIT BBBBEE ABP TBE ASSOCIATED PILE BABE, SEEK 810 
C TERSIOR BOBBER, ABD CATALOG POSITIOB SEEK 820 
C BILL BE BETORRED SEEK 830 
C RREP BILL BE BROBBED ZERO FOR ERROR COBDITIOB SEEK 8*0 
C BOP » 6 , 7 EOF OSBD SEEK 850 
C BOP > 8 BEAD C0BTEB1S OP CATALOG (SATED IB LAST BODOLS SEEK 860 
C EXECUTED) SEEK 870 
C BOP * 9 KBITS COBTBBTS OP CATALOG (FOR OSE BT BEET BODOLE SEEK 880 
C TO BE EXECUTED) SEEK 890 
C BOP * 10 EDIT COBTEBTS OP CATALOG SEEK 900 
C IP BBEP.GT.O. BRITES JOOT IBSTSAD OP IOOT SEER 910 
C BOP * 11 BROBB 0TILI1T OBIT BOBBERS SEEK 920 
C SEEK 930 
C • » » * • * • * * * BEOBESf • • • • • • • • • • • • • • « * • • • • • RESPOBSE • • • • • • • • • • S E E K 9*0 
C BBABE ITERS BREP BOP BBABE ITEBS HREF BOP SEES 950 
C CBABGE 0 I I I R 2 CBABGB 0 XT1 IT2 SEEK 960 

(COBTI 
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c CBAB6E 0 0*E IT 2 SEEI 9 7 0 
c CHANGE B LOt L02 CBAB6E a L01 L02 SEEK 9 8 0 
c CBAB6E B 0=E L02 SEES 9 9 0 
c B 0 - 0 B BL LO 0 SEEK 1 0 0 0 
c B 0 0*E 0 SEBK1010 
c B B - 0 B B LO 0 SEEK 1 0 2 0 
c B B 0=E 0 SEEK 1 0 3 0 
c B 0 - 1 B BL LO 1 SEBK1040 
c B 0 0 = E 1 SEEK1050 
c B N - 1 B B LO 1 SEEK 1 0 6 0 
c B B 0=E 1 SEEK1070 
c a - - 2 a BB LO 2 SEEK1080 
c B - 0=E 2 SEEK1090 
c — — - 3 - - I B I T 3 SEEK1100 
c POBGE - - * PDBCE - - » SEEK1110 
c B 0 - • B 0 - « SEEK 1 1 2 0 
c B B - « B B - « SEEK1130 
c — 0 I T 5 B B LO 5 SEKK1140 
c - 0 C=E w<

 

SEEK 11SO 
c — B LO 5 B B I T 5 SEBK1160 
c - B 0~E 5 SEBK1170 
c B B LO 6 B B LO 6 SEEK1180 
c — — - 7 - - - 7 SEEK1190 
c — — - 8 - - - 8 SEEK1200 
c — — - 9 - - - 9 SEEK 1 2 1 0 
c — - - 10 - - - 10 SEBK1220 
c — — - 11 IBPT IOOT JODT SEEK1230 
c SEEK12H0 
c a M L E BABE SEEK1250 
c a VEB5I0B BOBBEB SEEK1260 
c BL LAST fEBSIOB BOBBEB SEEK 1 2 7 0 
c •• BEH rCftSIOB 1 IOMEB SEEK1280 
c 1 .0 ,1 .01 .L02 LOGICAL OBIT BOBBEB SEEK1290 
c X T . I T 1 . I T 2 T A B U FOSITICB SEEK 1 3 0 0 
c B CBEAXEB TBAB ZEBO SEEK1310 
c 0=E EBBOB SEEK 1 3 2 0 
c 
c * BOT OSEO fBOT BBABE BUST BOT BE •CBABCE*) SEEK 1 3 3 0 

> • * * • • • * • * * • • • • * * * * * » * * • • • * » * * • • • • S E E K 1 3 * 0 

(COBT) 
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CCBIT BASIC BOOTH A rOB I B M B I , EITEIDED COBB DATA TIAISfEBS 
C A MCI rASTB* ASSUME* LABOMCE fEBSIOl o r TMS IS I I OSE 
C 

SVBBOVTIBE C I I T I Z . I . I , J | 
C 

DIIEBSIOB K ( 1 | . t ( 1 l 
C 
C OSB Or ABCSIBIIS 

C I DATA AABAI I I lElOBY 
C T DATA AIBAI I I EXTBBOED ISLOB 01 PABTITIOIED) COBB 
C I LEI6TI Or bAIA STIIBG TO Bt ROTBO. SIOBT IOB0S. IIIBO TIPS 
C ALU) BED 
C J STSTEI rLAG OB SOIE SYSTERS, BOT IS ED LOCALLY 
C 
C EBTBT rOB KIT BBS U> COBB TO lEROBT TBAISrEI 
C 

BBTET CBED ( I . X . I . J I 
C 

DO 101 1*1.B 
T ( I | - I ( I > 

101 CCBTIIOE 
BBTOBI 
EBD 

1*0 or s e c T i o i 203 
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Se%j_ion _•!')•*: Input - Output Fi U Kegui r t&;.ts 

In this discussion, the d.ua t i ies which must :>e resident on auxiliar-. 
st.<rage devices are identified as Standard Interface files .r scratch 
files. It is assumed that the scratch files are i-Ji :i assigned a logio.il 
unit number in the range -!l-b3 and units 1-9 are reserved tor special 
purposes. Our normal logical devices are unit 5 input and unit 6 output. 
I'nit -* is used to contain a collection of the results for export (BCD, 
tape). Assignments may be simply changed at the front end of the >:c>di;. 

Standard Interface Data Files Used 
GRUPXS — Group ordered microscopic cross stctions 
GEODST — Geometry description 
XDXSRF — Nuclide to cross section referencing data 
ZNATDN - Zone nuclide atomic densities 
SEARCH — Search data (required only for search) 
FIXSRC — Fixed source (required for a fixed source problem only) 
RTFI.UX - Total neutron flux (if supplied) 
ATFLL'X - Total adjoint neutron r lux (if supplied) 

Standard Interface Data Files (Generated by Opt ion 
RTFLUX - Total neutron flux 
ATFLUX - Total adjoint flux 
RZFI.UX - Zone average total neutron flux 
PWDINT - Point power density 
GEODST - Geometry description upon dimension search 
NOXSRF — Nuclide to cross section referencing data upon dimension search 
ZNATDN - Zone nuclide atomic densities upon concentration search 
FIXSRC — Special fixed source risuit 

Scratch Data Files by Unit Number 

21 Macroscopic scattering cross sections 
22 Principal macroscopic cross sections 
23 (Direct access) Equation coupling constants in space 
24 (Direct .iccess) Total neutron flux 
27 (Direct access) Flux Copy 
28 (Direct access) Flux copy 

"Version III Specifications, LASL report, LA-5486-MS revised. 

'Unless noted otherwise, files are accessed sequentially; by direct access 
is meant write and read of disc files at random by record. 

http://logio.il
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29 (direct access) 7*J times volume (current in the Pi sense) 
40 (Direct access) Equation constants 
41 Fixed source 
42 Fission source 
43 Total source 
44 Neutron balance data 
45 Miscellaneous 
46 Misce1laneous 
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. 
Note 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 short word 
R = 0 for one-dimensional, 2 for two-dimensional, 4 for 

three-dimensional cases 
H = I for hexagonal, 0 otherwise 
M = number of zones (m refers to zone) 

A record on units 23 and 40 contain the following data for a row or 
a plane of points: total loss terras 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 I 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 WJI 
40 (R+W)J1 + (2+H)Jl + (1+H)(J+L) + H 
40 (34W+H)JIL + (l+H)(J+i)L + JI + HL 
40 (13 + W(1+2H)](J+1) -f RJ} I 

41 WJI 
42 WJI 
43 WJI 
44 WMK 

45 WJI 
46* WJI 
47 WMK 
48 WMK 
49 WJ 
50-53 Variable but small 

ILK 

LK 
LK 
K 
LK 

L 
L 
L 
2 

L 
L 
1 
K 
IL 
Variable 

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

For "plane-stored" mode only. 
For "mesh-stored" mode only. 
For the "multilevel darn transfer 
mode only. 

© 

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

21 

22 

Record 
Length 

M[K(k)J 

Num^-r 
of Records Contents 

MK 

MK 

MK 

MK 

MK 

MK 

MK 

MK 

2 K 

:J 

M 

K 

K 

K 

MI: 

MK 

2J+2I 
+2L+3 

7K 

1 to 4 

MR 

MK 

I n s c a t t e r i o g l ° ( k ' - k.m); for the ?l 

c a l c u l a t i o n , the data for each k fo l lows 
the - ° data in a separate record, i n ­
c r e a s i n g the number of records to 2K, 
D ( k . m ) ^ ( k t - k.m) 

F i s s i o n source d i s t r i b u t i o n x(m,k) 

Sink term - a ( m , k ) + D i B 2 (m,k) 

buckl ing l o s s ^ B ^ m . k ) 

Production v- (m,k) 

Search production v - (m,k) 

Search absorpt ion -q(m,k) 

Energy per unit f lux W(m,k) 

Reciprocal v e l o c i t y Z(m,k) 

I n s c a t t e r range, l o c a t i o n of in-group 
term N(k),NJ(k) 

Slack absorber zone l i s t , i f N > 0 

Zone volumes V(m) 

Number of inner i t e r a t i o n s , i f I > 1 

Spectra l r a d i u s , i f I > 1 

Overrelaxat ion f a c t o r s , i f I > 1 

Removal cross s e c t i o n s (only with P< 
treatment) 

Di f fus ion c o e f f i c i e n t s by zone , as we l l 
as the c o o r d i n a t e - d i r e c t i o n dependent 
values when a v a i l a b l e from GRUPXS 
except with Pj treatment 

Distances to f lux points and f ine mesh 
i n t e r v a l i n t e r f a c e s . 

External and internal boundary condit ion 
c o n s t a n t s . 
„a(m,k) f i s s i l e 

c(m,k) f e r t i l e 

It should be noted that microscopic cross s e c t i o n s are used in a 

group-ordered form. A processor code block i s required to recast the 

data i n t o t h i s form from a reference broad-cnergy-group l ibrary in the 

nucl ide-ordered format defined by the s p e c i f i c a t i o n for f i l e ISOTXS. 
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Code-Dependent Data Files 

Figure 204-1 shows the content of special interface files CONTRL, 
PERTUB, RSTRTR, and FISSOR. Also shown are the contents of the BCD file 
on unit 4 used to transfer data to other installations. 

C0NTR1. is a file containing all thr-. necessary control information 
needed by VENTURE for a calculation (see Section 403). 

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

RSTRTR is a restart file Jhich is written by option and may be 
supplied to the code to continue a previous calculation. 

FISSOR is a fission source interface file written on option. 
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rotn aao- i . s t t r u i tits* m i sftcxrzcirieas 

c M f i s n i v 2 V « 
c 
cr c o m b 
CV CC«t-» IOCI -n§I I» IT CATA l l t E l COEVMt Of TO M X t n 
c 

C——— 
CS f i l l 51NCT0SI 
cs 
cs raccn t t n n i s m z i 
CS n u i i n n t w c n f m m i u u t t n • — * — — • • • • • • 
cs n i l x n R i r i c a ? i c i Atons t i t s t 
c 
c i m r o u o u K M I c o m e t c m n e o n s , o n ro i EACI cote 
c i E ton , • • • u c i c o i t i n x i e 2Ct t e r n ; I O I * M L T * 100 
c 
cs m m i t c o i i u u i s 
cs i taxis n e o n A H A T S 
cs scr iK neck* AS n m i 
cs m m nco ic AS n n n 
cs m m IECCID as i t t i t t 
cs I U K n e o n A H A T S XAST 
cs 
c i f icons ro i o i n i c o n - n o c i s m i t so %i M E S I H 
c i AIB o t t n cr n e e n s w t s f i c i u i i 
cs 
c 

c i m i xt»TirxcATxoi 
c 
c t n u t , t n s i ; i ) , i - i , 2 ) , I V E I S 
c 
CI J* MIT • 1 
C 
c i m i l i c t m i T i r u t I A I I - c e m t - (A*> 
cc n s i n o t t n m i s n X » B I I I M C A T X O I ;A«> 
co x t f i s rx t r f i i sxo i n n » 
CD W I l OOlllt IIBCXSXOI PAt l l f t l t 
CC 1 - At WOn XS 5 I IC IE IOID 
CO 2 - M K W XS BCIME ttECXSXOI K>BD 
c 

fCOIT) 
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C — — • — — 
Ci CtEBALl PBOBLBR IRFORMTIOB ARC IRSTBBCTICBS 
c 
CL FBCXR^, ( X I f l ) . I « 1 . U C ) . (XE<I) .I*1,1C8) 
c 
C« W1«TOIT • ItO 
c 
CO FRCiBS OVEBAL1 FSOBLBH DATA ICERTIFIER ;6BFBCIRS) 
CD 1 1 ( 1 - 2 * ) FRCBIER CR CASE TITII (AC) 
CC I I l?5> OSES LABEL FCB FEREABEBT DATA PILES ;A6) 
CC I I (2«) RSBB LABEL PCB IERFCEA91 DATA EXIES (R6) 
CD I I 1 2 7 - I C C ) RESEEtEC 
CC II H-1CC1 RESEBBIE 
C 
c . 

CB EEIBE3 XRSTBSCTICRS 
c 
CL 3VEI!!?, ( I I ( I ) . I - 1 , 1 C C ) . (XS(I ) , I~1 ,1CC) 
c 
CR 101*HOIT • ICO 
C 
CC W E I R S DRXtER C M * IDBRTIFIER ttBDVBIRS) 
CD BI|1-1CC) 2ESEEBEE 
CD II |1) PEIRABt BEROET ALICCITICR, W0RC5 
CC II (2) RESEBfEC FOB SECOBEAIT BEROBT ALICCATICB, BOBCS 
CD II |3) RESEBWEC FOB TEBTXAB1 RIBOBT ALLCCATIOR, BOSDS 
CC IIf«) RAIIHOR ElOCR SIZE FCB CIRBCT ACCESS DATA FIIF5, 
CD RCirS 
CB XI |5) TOTAL FBCCESSOB TIRE AlICRED FCR TRE ROB, BXBOTES 
CD II It) BESEFffE 
CB II (7) SESEIfED 
CD XI18) RESEFVEC 
CC U (9) RESIRfEC 
CD I I |10) BESEBVIE 
CC XI (11 ) STARC-AICRE H A S -
CD 0 - RODDIES REE ACCESSED IH A TR9E HCDOLAB SEHSE 
CC 1 - RCDOLZS ABE ACCESSED AS I F EACB I S A 
CD STABC-AtOBE CCCf 
CC II112) PESEBBED 
CD I I 111) IF.CT.O THE SEER TABIES ARE XBITILXBEC FBXOR TO ART 
CC ACCESS OF TRE S1AECABD IEEOT BODOLE 
CD I I ; i« ) BESEEBED 
CC II f 15) RB3EB?ED 
CD I I | 16 -100) 3ESEBTEC 
C 
c 

ICCIT) 
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CK CICSS SSCTXCB IFCCISSCB IBSTIBCTIOBS 
c 
CB W I S D i l i B4CBXBBD B t TBI CtCSS SECTXCB PBOCESSOB 
C 
ci actxBs. in;x>.i*i,ioo). :n:i),i*t,ico) 
c 
CB 1 0 1 * B 0 M • I C O 
c 
CD BCfXBS CBCSS SECTXOB VMCISSOB CATA XBIBTXPIEB (6KXCHBS) 
Ct IX(I-ICO) BISEBVEB 
CD XX | V 2 ) BKSKSfIC 
CB i i (J) o m e a « m i r cacss SJCTIOB PUB PBOCXSSIBC 
Ct 0 - BO IBOCISSXK BKAXBEB 
CB 1 - CEBEBBTI BEB B8CIIBK-OBBEBEB f i l l HOI 
CC TBI PXU Ol PXtSS U f X K PCBBAT I I 1 5 ) 
CD (BECBXBfS IVtriPACI t i l l CISPBB BOB 
CE ABBITIOBAl IEFCBBATICB) 
CD H <«) OPTIOB TC 6X8XBBTE I CBCBP-OBDBIIO F i l l MOB 
CD a ^Bcixex-oitEitt f in 
CC C - BO 
CD i - ns 
CC XX | 5 | POXBA1 O f I B M T CBOSS SECTXOBS PCI 1 1 1 3 ) EQ 1 
CB 0 - BOCLICX-OltfffC I IU 
CC 1 - CITATIOI CICSS SECTXOB SETS 
CC 2 - BBBCI T M BBCLICE-CBBBIKB PXXES 
CD l i t * ) OfTXOB CB PBXBCXPII CBCSS SBCTXOB BETA 
CC BOB I X f t ) XC 1 
CD 0 - BKTIXB A l l BETA 
CC 1 - BKBEPIBE (B,CABCA) CBOSS SECTICB TO BE 
CB Tft* C r T B B I CICSS SXCTXOB * (B.CABBA) * 
cc ;B,AXXBAI • : i . n • p,t% • ;B.TI - ;B,2B) 
CC XX | 7 ) OPTIOB 09 SCATTEBIBC DA1A BOB I X f * > SO 1 
CD 0 - IETIXB III [ R l 
CC 1 - IXTAIB 1IK 1CTA1 SCA1TEBXB6 OBIT 
CD 1 1 ( 1 ' OPTICB OB S C A T T M I I C CICEB POB XX f « ) EQ 1 
CC 0 - BXTAIB 1 1 1 B I T ! 
CD B - IKTAIB CBCEBS B I TO ( B - 1 ) OBIT 
CC XX ( 9 ) OPTIOB OB SCATTEBXB6 BECOBD B10CBXBC PAC1CB 
CD fOI XI|*) EC 1 
CC 0 - ISBICB * 1 
cc a - BSEIOB • a. IP <BISO/B)*B XQ BISC, 
CD CTBEBIISI ISEICX • BXSO 
CC BBIIX BXSO XS TBI B8BBBB OP BBCIXDIS 
CD XX(10) OETXCB TC COBIBTB TBI TCTAl SCATTSB1BC B t T B I I 
CC IIOO T B I COBPOUBTS POB I I £ • ) KQ 1 
CD TOTAl * ElASTIC • I l E l l S t X C • B2B 
CC (TBXS BOST BE BOIX I P T B I 8 B B P I S P U I XS TO BX 
CD OSXC BT TBBTBBX ABC T B I I X XS BO TOTAl 
CD SCBTTXBIK BETA P f l S X B T ) 
cc e - BO 
CD 1 - 1XS 
CD I X f l l ) OPTXOa TO C B E A T I XSOtOfE H X B T B I E S A P T X B HOCESSIBB 
CC S t E C I P I t C B t XX(3> ABO X I ( 5 ) , I P ABT 

ICOBt) 
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CB 0 - BO 
CB i - t t s (BBCBIBB: i mar ACE FILE CISIBB FOB 
CB ACCITICBAL IBfCBHATIOS) 
CC I l t U - 221 BESEBVEE 
CB II 123) OBTICB TC ECU IAIES1 BCCLIDE-CBDPBED PI IE 
CB 0 - BO 
CC 1 - tES 
CB xa |2t> OFTICB TC BEIT CBCBF-CBCEBBO PILE 
CC C - BO 
CB 1 - IBS 
CB 
c 
c— 

II |25- 10Q BESEBtEC CB 
c 
c— . . . . . . . . . — _ _ 

C . . . _ . - . . 
CB 
C 
CB TBIS D 
C 
CL DTBIBS 
C 
CD DTBIBS 
CC » ID 
CD I I 1 2 ) 
CC 
CC I I H I 
CD 
c 
CB 
C 
CD I I ( « ) 
CC I I 1 5 ) 
CD I I 1 6 ) 
CC I I 1 * ) 
CD 
CC I I |8 , 
CD I I 1 9 ) 
CC 
CD I I MO) 
CC 
CD I I ( 1 1 | 
CC 
CD I I 112 ) 
CC 
CD 
CC I I 513) 
CO 
CD »I (1») 
C 
CD I I H ) 

BEBTBOBICS IBSTBBCTICBS 
TBIS DATA B*COIBED Et TBE tEBTDBE COCI BLOCK 

DTBIBS, |II(I). 1*1,100), f II f I), 1*1. ICO) 

BEOTEORICS COBTBCI ICEBTIPIEB, A(6) 
BEPEBEBCE BEAI T H E , DATS 
BACBIBE TIBI AILCDEt FOB SCLOTICB, BIB 

(ITEBATIOB TERPXBITED IP TIBE EICEEDED) 
CYCLE TIBE IB BIBOTES TO BEITE BESTAFT CATA 

BCT DCBE IP 0 . AIBATS CORE AT EBD IP BOB-IE30 

BOTE EBAT fABIABISS ACT DEEIBEC ABE BESEBfEC POB LATEB OSS 

EOBEF LEtEl CP EIAC1C3, BATTS TREBHAL 
EBIB6T CCRtEBSICI PACTOB, FISSICB TO TBEBRAL 
PfACTIOB CP BEACTCf T3EATEE 
SPECIPIEC HOLTIPUCATIOB PACTCB POB SEABCB If 

BCB-ZEBC 
SPECIPIEB OtEBBEIAIATIOB CCEPPICIEBT IP RCR-Z2RO 
ESTICATE CP TBE EICIBVALOE POf CREETCHEf 

ACCELEBATIOH OB CCTEB ITERATIOBS 
ESTIPATE CP THE lOfeff LIBIT OP TBE SFECTBOH OP 

EICEBfALOES EOF CBEBTCREf ACCEIEIA1I0B 
CCBfSBGEBCE C9IT IB I I OB IBTEGBAL QOAHTITXES 

•AIIHOfl BELATIfE CHARGE OR COTEI ITEBATICB 
COBfEBCEACE CBXTtSIl OH LOCAL OB 901*1 fABIABLSS 

HAII'DR BELATItE F0I9T PLOI C1AAGE OB COTIB 
ITEBATXOB :.00OO!) 

COBSTABT BOCRLIBG 11I0B BHICB OfEBBItES TBI CATA 
IB GECCST PILE If BOB-ZEBC 

- I I ; 1 0 0 ) BESEFfEO 

IBCICATCB TBAT TEE CODE CLOCK BAS IRFOT DATA 

(CCBT) 
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CO 
CD 
CD n is i 
CD 
CD 
CD H I J) 
CD ni*» 
CD 
CD 
CD I I | 5 » 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD I I I * ) 
CD 
CD 
CD 
CD 
CD IX«7) 
O 
CD I I 1 8 ) 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD I I191 
CD 
CD 
CD 
CD XX (10) 
CD mm CD 
CD 
CO IX(12) 
CD 
CD IX(13) 
CD 
CD 
CO I X ( H ) 
CD 11(15) 
CD 1X117) 
CD 11(18) 
CD 
CO 
CO IX (19 | 
CD 
CD 

BOT COBTBIBED IB TIB STABDABD IBTEBPBCE PI LBS 
OTBBB TBAB TBIS BLOCK OP DBTB I P .CT.O 

BESTBBT OPTKOBS- BBSTBBT 8SIBC BBTB PBOB BB 
OLD CIS*. IP .CT. 0 , BEQBIBBS SPBCIBL BBSTBBT 
DBTB PILB 

BBPBBBBCB CODBT OB PBOBUflS (CTCLE MBBEB) 
BE9TB0BICS OPTIOBS 

1 - PIBIT B-DXPPBBBBCB DIPPBSXOB TBBOBI 
2 - PIBITE-DIPPEBESCE SIBPU El BPPBOIIBBTIOB 

TTPB OP PBOSLEfl 
0 - DXTBBBIBE SOBBC8 BOLTXPLXCBTIOB PBCTOB 
1 - SBBBCB PBOBLEB (PILE OP SBIBCB DAT* I S 

BEQOIBED, SBB OPTIOB 1 1 ( 1 0 ) ) 
2 - PIXBD SOOBCE PBOBLBB 
3 - BDJOIBT PBOBLXS OBLT 
* - MCKLXBG SXABCB 
5- PBOBPT BODB BLPBA CALC9LBTIOB, f/T SBBBCB 

BDJOIBT PBOBLBB OPTIOBS 
0 - BO Br "-BT PBOBLEB TO BE DOBS 
1 - EICEBVBLOB TTPE PBOBLBB 

(BOB BILLY POLLPVIBG B POBBBB3 PBOBLZR) 
2 - PIKED SOOBCE TIPE PBOBLEB 

3PTI0BS OB GBBBB BEBTIBB 
(BOT IHPLEBEBTED) 

aprioa TO POKE DBTB HABDLIBG BODE (POB TESTIBGI 
0 - B0T0BBTED TO BIBIBIZE IkPDT/OBTPOT 
1 - BBSE PB0BLE4 CODE COBTBIBED 
2 - SPBCE PBOBLEB IT f»CH EBEBCI COBTBIBE3 
3 - OBE BOW COBTBIBED IB COBE 
• - OBE OB BOBE SPACE PLBBES COBTBIBED IB COBE 
S- BOLTIPLE BOBS STOBED POB TBO CxBEBSIOBAL 
b - BOLTI-LEV2L DBTB TBBBSPEB 

3PTI0BS OB PLOX IBITIBUZBTIOB 
0 SET ALL PLOI V ALOES EQUAL 
1 OSE ADTOBATED PBOCEDOBE 
2- OSE AVAILABLE SCALBB PLDX PILE 

I9EBTIPIES SXABCB DATA I B SEABCB PILE, IX (5) = 1 
IDEBTIPIES SECOBDABT SBBBCB DATA IB SEBBCH PILE 

TO BE USED IP COBSTBAIHTS POB FIBST SET BBE 
BOT SATISFIED, ABD SECOBD SEABCH IS TO BE DOBE 

SPBCIPXBS THAT B 2-D PBOBLEH IS 10 BE SOLVED POB 
THIS PLABE OP A 3-D DESCBIPTICB IP BOB-ZEBO 

OBDBB IB THE CBOSS SECT 1 0 • MLE OP THE DIBECTIOB 
DBPEBDEBT TBABSFOBT CBOSS SECTIOB TO BB DSED 
POB THE PIBST COBBOIBBTE DIRECTICB (OSOBLLT 0) 

DITTO, SECOBD COOBDIBATE DIBECTIOB 
DITTO, TBIBD COOBDIBBTE DIBECTIOB 
P3BCE BEPP. CALC. BT SOOBCE BATIC I P SI 0 
PI3SIOB SOOBCE DISTBIBOTIOB P0BC1IOB OPTIOB 

0 - SET VALUES TO BE OSED (SAHE IB EACH ZOBE) 
1 - BEGIOB CEPEBDEBT VALOES TO BB OSED 

msiom sooact DISTBIBUTIOB BOBBALXZATIOB OPTIOB 
0 - LEAVE OBHOBHALIZED 
1 - BOBHALIZE EACH SET TO SOB TO OBITT 

(COBT) 



Cxao4 
aaot at u a f i f a aoaxaaa xxoa ox aoxxao 

aaeio xa aaatna aoaxaaa nwaaao xxaa ox aoxxao 
oixseoaao aoa xxoa oaoaaxxa sxsaaoaa -c 

oaxxsix aoa of xxaa sixtxao sxao -z 
xiao m o aoxxiaaxx aaxao xataxaa •» ao *o 

aoxxtaaxx saxaaa sxxaa oa - i -
sxxoa ixio aoxxnaxx ao saoxxao 

aaos la saoxxsxs ssoas 
oaxaaxxros 3xao3S083ia aax xxoa ox aoixao 

aaoa la sioixsxs ssou 
oxaoasoaata Tiaxsaxaa aax xxoa ox aoxxao 

i *xo* ax ftvaxaaax) xxaa oasaaaaoa aoa aoixao 

oaat sx ana aaaa aaoa xoa aav m i aaaao sxxoa 
(• axma oaxasaxa 

aa Xfa aaaoasosa aaaaoa a t i u m i ax) 
saaxxiaaxx aaxao xaiB sxax aoa oaaoni xoa -a 

aoxxrioafuxa 3ixoxaaxsi ax ATOO aaoaoj 
SaOO SIBX XBBB XBO 3809X4 Ot 9BXX8X H I U - t 

oaaoiif xoa ~z 
saoxxwaaxx 

axtaaaxiv aoa txto oaxsa aaoa aoaaa atoais -4 
aaoaasoaa aaxf aoxaf asa -o 

AIao aooa aoaaa aioaxs 1 -
saoxxao aoxxnoaiaxxa aoxxxaaxxaaxao sixoxausf 

ssaooaa m naav xaoo -c 
xatxs aax aoaa iisaoaaixaos naar -z 

aoxxnoataxxa xsaxa aax aaxaa nao a-iaav -1 
aaaoasoaa aaxtaoxat asa -o 

saoxxao aoxxiaaiasoa AaasAaaao aoxxvaaxx aaxao 
Uiao saooa oaxiaava 

1x1a ait xaas ax aia-miai! t-iaois -1 
iiaaoa -0 

uoao aaaas aoixtaaxxaaaai 
ASIS181B3 OB 

*xaai3iaaao3 aio asa 'saaaax ao aaaaaa xxa -s 
xaaxsxaaaos aao asa 'saaaax ao is aaaa xxa -% 

Aaasiaaaa oa 'saaaax ao aaaaaa i n -c 
Uaoa9 B3«B xv <ns) 

saoxxTaaxx aaaax ao aaoaaa aax xxa -z 
oaaoxs 

fsaoi ao:aana ao aaaaaa aax ao xiaxnoa 
v saaaax ao aaaaaa aava - aaisiaaao oa -1 

aaooaooaa axxvaoxat asa -0 
tsaoxxvaaxi aaaf x ao! saoxxao aoxxaxnaaaaao 

aoixaros aiatxaassw oav oaaoiiv -1 
aoixaics ax aiaix4i33v aoa oaaoiif xoa -0 

lo HTtaaoa) aoixao xaia aaxxtsaa 
oaxaisaas xoa ai aaoa aax aa xtr 
a « saaaax ao aaauoa asa aaaaaa -a 

taaoaaaosflalaaiwasoaa aaxfaoxat asa -o 
aoxxao aoxxtaaxi aaaax 

feaaoTiT xvalsaoxxfaaxi aaxao ao xaifaxsaos 

ice: xx 0 3 
tec) ix 0 3 

0 3 
0 3 
0 3 
0 3 

tic: ix 0 3 
0 3 

(cc:u 0 3 
0 3 

<*z:ix 0 3 
larlii 0 3 

3 
oa 83 

3 
0 3 
0 3 
0 3 

Uz)ix 0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 

hzln 0 3 
0 3 
0 3 
0 3 
0 3 

Hz) n 0 3 
0 3 
0 3 
0 3 

fez: ix 0 3 
OS 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 
0 3 

icz:ix 0 3 
0 3 
0 3 

<zzlu 0 3 
0 3 
0 3 
0 3 

iu'.ii 0 3 
lOZHl 0 3 

u-»oz 
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cc tt(I5| 
CO I I1371 
cc IX U«) 
CD IE I " ) 
CC «««0 ) 
CD 
CC x i ;«i> 
CD « !•« 
CD I I ! • • ) 
CC 
CD 
CC 
CD I I t*5) 
CC 
CD 
CC 
CO 
CC 
CD 
CC 
CD 
CC 
CD 
Ct 
CD 
CC 
CD 
CC 
CD 
CC XI «•«) 
CD 
CC xrc«*i 
CD 
CC i i :sii 
CC 
CD 
C»? 
CD 
C 
C I OETXOBS 
C 
CD I E 152) 
CC H | 5 3 ) 
CD I I |5«) 
CD I I 155 ) 
CD 
CC IEI58) 
CD 
CD H | 5 « ) 
CD 
CC 
CD IE |60) 
CC 
CD 

OPTICB TO ECU SCAIAA BSOTBOB PI8I I I PC I IT 
CITXCI TC ECIT XCBI-AVEBA6E SCALAB PlOE 
CPtXCB TC ECU FCBFF DEISITT BAP BT IBTEBfAl 
CPTXCB TC ECIT FCBlf DEBSITT TBAfEBSES TiaO PEAK 
OPTICB TO ECXT IFOTSCI DEISXTT RAP ; i / » FLDI 

SEICRTII6) 
CP1XCB TC ECIT BEBTICI DEBSITT TEAfEESES 
OPTICB TC ECU SCAIAR ADJCXIT PIBE 
CfTXCI TC ECIT ATOPIC OEBSXTIES • • » 5EABCBIK 

C- IC EDIT 
1> BttlROd EDIT IT EBC 
2- BAiinca EDIT ceaiBG CAICBIATXCB 

FEETBBEATIOB OETIOSS - IP BE6ATIVE. FILES BTFLOX 
ABD ATFLBI ABE SCPPLIED ABC BC BEBTBCBICS 
CALCBIATICB IS CCBB - OTREBBXSE TEE BEGBLAR 
ABD/OB ACJOIBT SCIBTICB I S CBTAIBIC AS 
SEECIFIlt AECfE IBD EITBEB ELSE FIXE BOT 
GEBEBATEC HtSl BF SBPELIED 

0 - BO FEBTOEEATXCi CALCOLATIOI 
1* CALCBLATE ABD EDIT BASIC BECBLA»*ADJCIBT 

PL01 IBTftBILS EXCEPT TBAISPOBT 
2~ ALSC CALCBLATE ABB EDIT TBABSPOET IBTE6BALS 

CBECVTFEC PCB CCHPLETE PEBTBBIATIOB EFFECT) 
3 - ALSC EDIT RACBCSCOPXC AISCBETXCB CBOSS 

SECTXOB SPACE ECIBT IHPOBTABCE BAP 
• - ALSC EDIT BACBCSCOPIC PBCDOCTXOft CBCSS 

SECT10I SEACE ECIBT IBPOBTABCE BAP 
PLCS AES-EBCD PAP 

5 - ALSC ECIT 1/ f SEACE POIBT IRPOBTABCE RAP 
EDIT BESBLT! PCI A 100 PEBCBBT CRABCE IB BICEO 

CEOSS SECTTCBS, CUT IP I E | « 5 ) . B E . O 
ALSO EDI I SEISXTZPXIE tBSBITS PCI TIE CBAICE, 

XI (*5) ABt T1(B«) .BE.O 
CFTICB TC IEXTE TIF FOIBT SCALAR PLOI PILE 

C- BC 
1- SEMITE TIE II7EST PEISZOI OP Al Olt PILE 

(IP 1IEEE I * BOBS, BBITI A I E ! OIE) 
2- IETTF I E ! FIXE 

ABOfE AEE TTFICAI FCS EACI FIXE COfElEO IELOB 

OFTICI TC BUTE TIE EOXIT FISSIOR SOBICE PILE 
OPTXOB TO IBIW TOBt*A?tlACt SCAIAI ELBE PILE 
CFTXCI TC BEITX EOBtl DEBSITT PILE 
OPTIOB TO BEITB A BIB FIXED SOOICE PILE 
CAXCBLATEB FECI COBBEBSIOB RATIO DATA 
OPTICB TO BBXTE SCAXAB ADJCIBT F i l l FILE 

AFELXCAELI OBIT I* AB A3JOIIT PIOILEI IAS BOBS 
OPTICI TO H I T S FEB1BBBATI0B IBTECBALS 0 1 FILE 
fEtroi. xx;«S) HOST BE BOB-EEIO. TIABSPOBT 
IB1ECIALS ABE IBCIBOED IP A I S U S P S ) ) « \ 2 . 

CFTICI TC IBITI SPECIAL P0MATTED CATA PILE 
IICCICAI A) AT TBI FID Op A CASE - SEE SECTIOI 20« 

OF TIE ffBTOBE BSECBT 

(COIT) 
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CO I E | « 1 ) 1 HIRE BOBFEB I t BBICR ZORE ABD CROW B0CELIB6S 
CC 1 1 1 TO U CAICRLATEO 
CB n ( l 2 ) R SEODRB FIBRE HCRREB FOB TIB BOCBLIK CALCOIATXOB 
C 

CB FEACTICB BATE RCtOlE IBSTECCTICAS 
C 
CI RBTIBS. | I Z ; i ) . 1 * 1 , 1 0 0 ) , IHU} . 1 * 1 . 100) 
C 
ca I O I * R O I I • loo 
c 
CD RBIIBS REACTICB BATE RCOOIE DATA IOERTIFIEB (£HFJTIHS) 
CC 
CC B O I E - CBCEPIAED DATA ABE BESEFVEE FOE FUTOBE OSE. 
CC BOTE- TBF FAME OF ZERO I S A BEFABIT PEABXBB TRAT IRE CFTICR TC 
CC EEBPOttt THE TASK I S ACT EIEBCISBC. COBSIDEEABLE CATA 
CC EABBLIB6 BAT BE IHfOITEE ABC RCCB FAFEB FBIHTEC, SC CAiE 
CC SRCBl* BE TAREB TO CETAIR CBIf I ROSE RESULTS HEECED. 
CC BOTE- C8ITE CERERAILT THE FIXES -HCISRF- ARB -ZBATCB- ABE BEECEC 
CC BBC B3HALIT - C F B E I S -
C 
CD 11(1 ) DESIRED FOBEI LFTFI IF BCR-ZERO (OSOALLT BER) 
CC E I J 3 ) REICBTIRC PACTOF DISCOSSED BE10B 
CC EZ|R) BEICRTIHC FACTOB DISCBSSED RELOB 
C 
CC II |3) OPTIOR TC ECU FBOSBAHREB IBP0E8ATICB FOF CEE9CGIRG 
CD 11(6 ) OFTICH TC CCRFBTE IRt ICI? SCACTXOR BATES. 
CC IRfERTORIES, ABB PCBER PRODOC1IOB 
CC BOTE- IBCEP4ADEBT OF TRE CFTXCHS RRICfc POLLOH, SOHHARI TABLES 
CC IFE ALBATS EIITFE OH I B I S CF1ICB 
CD I I 1 9 ) OFTICH TC ECIT ET ZCiE ABO SOBZOBE FOE EACH OBIQOE 
CC HOC!IDE BARE 
CD 1 - IBS ( R i l l BE OCBE OR I t I F THESE ARE 
CC SOEZOBES) 
CC BOTE- IB THIS E D I T , ZOBB RBSOIT5 EtClCCE SOBZOBE CCBTBIBOTICBS 
CD IISIO) OFTICR TC ECIT ET ZCIE FC9 EACH OBIQOE ROCLIDE BARE 
CC BOTE - ZCBES B U I TACLODE SOBZCBE COBTBIEOTICBS 
CD 11(11) OFTICB 1C ECIT ET TUBE CUSS FOB EACB OBIQOE 
CC HOCIIDE BARE 
CD I I J 1 2 ) OFTICR TC ECIT SOBPAIT TABLES BT OBIQOE ROCLIDE RA"» 
CC n | U ) OPTIOR TC REICHT SCREABT BBACTIOB BATES ET BOCLICE 
CD IBEF6T GfBEIATlCI 
CC 1 - FISSXOB EREBC1 C l l t 
CD 2 - FISSICB FLOS CAtTORE EBE&CT 
CC 11(15) OPTXOB FOB ACCI1IOBAI BESOLTS BUR AITERIATIfE 
CD REICRT.i S (SOBRIRT TABLES OBIT) 
CC 1 - BT BE1 BEOTBOB FKCDBCTICB lOBHERATIOH HIROS 
CD BESOBFTXCH) 

(COBT) 
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Ct 2~ ST CAPTBiB IA1I IP PBBTIIB ABB BBSOBPTICB 
CO BBTI XP PISEXIB 
CD I I P * ) 2EP3AT t B CAICBIAIICBS CP BEACTIOfl BATES IBBICAISD 
CC ADOPE ( l i f t ) . C I . C ) f S I K P L 9 I . t M C I IT BEICBTIBC 
CO BBCEIBIBC t X l f - E E M B 8 -
CD XI (21) OPTIOB TC EDIT BEACTIOB BATB M P S OSXBC PILE -BTPLBX 
c» . 6 t . o - S I K I P X I S • t u n OP a 3-c PBOBLBR oa 
CC 1 l O t OF I 2 - 8 PBCBIEB 
CD - 1 - TBI ELAIE OB BOB IS TO COBTAIB TBE 
CC 1CCATIOB CP EEXIBBS POBEB BEBSITI 
co XH22) BAP fBXBcipax BEACTXCB irras POB FISSILE eacixoss 
CC 1- ABSOBPIICB 
CD 2- APSOBFTICB ABC FFCDSCTIOB 
cc 3- CAPTBBE AID PISSICB 
CD « - CAPTBBE, PISSIOB IBB FBODBCTIO* PEB 
CC ABSOBFTIOB 
CD I I 1 2 3 ) M i FBIBCIFAL BEaCTICB FATES POB F U T I L E BBCXIDBS 
CC 1> CAPTBBE 
CD 2 - AE50BETICB CBIT 
cc n|2«> nap ABSOBPTIOB BATES PCB BSCIIDES CP TBIS ciass 
CD II126) BBfEai TBE BAFPIBC BITB IEI6BTIB6 OB AGJCIBT PLBX 
CC BSIBC PILE -PEiTCB 
CI* XI ( 3 1 ) OPTICB TC EDIT CEACTIfXTT COEPPXCIEBTS POB OBIT 
CC CBABCES IB F I 3 S I I B BBCIIBE COBCBBTCailOBS 
CD XX ( 3 2 ) CFTICi TC EDIT BEICTIVXT1 COEPPXCXEBTS PCB BBXT 
CC CBABCES IB PEBTIIB BCCLXBE COBCEBTBaTXCRS 
CD 1 1 ( 3 3 ) OPTICB TC EC IT H I C T I V I T T COiPPXCIEBtS POB OBIT 
CC CBABCES IB BBCIICE CCBCEBTBATICBS OP TBXS C l l S S 
CD 1 1 ( 3 5 ) OPTICB TC EDIT BEACT1VITT COIPPXCXEBTS PCI a CBABGE 
CC I B B0CLXCE COBCEBTBATIOBS BT ZOBE (P*CB TBE 
CD BEIT-TO-XATEST t I R S I C B OP FILE -EDaTCB- TO ? E 3 
CC LATEST) ABD CBABCE I t BICBOSCOPIC CBOSS SEC1XOBS 
CC PX1E -CBBPXS- SABE CEDE* 
CD 1 - O U T CCBCEBTABTICB CRABCES 
CC 2 - OBLT CBOSS 5ECT1CB CRABSES 
CD 3 ' CC O B I ! EOT! TOCETHEl 
CC «~ DC EBCB BBB ECTB 10GETRE3 
CD 1 1 ( 3 7 ) OFTICB TC PBCCDCE t U A t l t BEOTBOB PBOPEBTIES BITB 
CE E t O I . ACJOIBT CPI681XB6 BSIBC P I I E - F E B T 3 E - ABC 
CD - 0 I A 1 X S -
CC I I ( « 1 ) OPTICB TC COLLAPSE C M I J SECTXOBS IB E I E K I , f i t ! 
CD - I S C I I S - T C - I S C T I S - 03IBG TBE EBFBCT STBBCTOBE 
CC CXfEB a < 61OOP LCBEF BCOBDS DESCEBCXK S t , CATA 
CD I B AFPAf IX STABTIAC AT XX ( 2 1 ) TEIBXBATZBG BITB 
CC a ZEBO EBTB1 PCB THE LAST GBOOF 
CD 1 - FCOCOCE BACFCSCCfIC CBOSS SECTIOBS POI PSEOUO 
CC CEBSITT M i l l PCS EACi ZOBE, PX0E BEIGITEC 
C» 2- FFOOOCE CBE-TC-C1E BOCI10E DAT* OBLT POB 1H5 
CC CBES BAfXBC BCB-ZE30 COBCEBTBATIC»S BITB FLOX 
CD BEIGBTIBC 0 S 1 A 6 PILE - a t F L O X -
cc 3- SAHE as s EXCEPT PLBI. AOJCIBT BEIGRTIBG 
CD FZQOIEIBC P H I - I S B T O B -
CC 1 1 ( 5 1 ) OPTIOB TO GEBEBBTE A Dl f lBIBOTEO BEOTICB 5 C 0 K E P U S 
CD - P I I S B C - OSIBC ElOX PBCH - B T F L B I -

SCCBT) 
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CE 1- TOTAl FBCDCC1IOBS FBOB FISSXOS 8BITZPIIEC BT 
CD 11131 BOCBAUTEC TO A TOT At OF I I t 3 ) * I I ( « ) 
CC IP I I I * ) IS IC* 2 H C , Z i ; } | SET TC BUTT IP 0 
CB 2 - YOTAt CEUTEC BEC1BCI SCBBCE BSIBC FUE 
CB - t l » I I S -
CC 3* ASTHPIOTIC CEIATEC BEBT30B SOBICE BSII6 TBE 
CB PlBZtT CP ICBCES1 B U I i l P F fASSPBES SISIIBCT 
CC CBE APPLIES) CSIBC PI 12 - C U T I S * 
CD I I I S 2 ) OPTIC* IC CEBEBATf 1 ZCtf-MCBP DIS7BIE81EB SCB3CE 
CC H I E -PIISBC- BSIB« tOBE AfEBACB FLBI PIIE 
CC -BXFIBI- fSEE C H I O S IBBECIATEtT ABCTE) 
CD H 1*1) OPTXCB TC 6EBESITE A PSfBOO SOBS-CBOBP SOQBCE PILE 
C5 -PIISBC- KECBIBEC PCB I BEBTBCBICS CILCOIATICB 
CD CP > SEPSRIVITT BEICBTIK FACTOI 
CC 1- CCBTEBSICB (BSEECIBC) BATIC 

CB ctcsoti 
c 
Ct ELABI1, < X I ( I ) , I ~ 1 , 1 C C ) . (11(1) , 1 * 1 , ICC) 
c 
c 
CD BLABI1 EBB OP PIIE ICEBTIFIEB fCB ) OB (6BELABR ) 
C 

CEOF 

SCCIT) 
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C IE WISED 11/;*/?« 
C 
cr FEBTOO 
Ct PEBIOaaiTIOB BAia - BEGOUF. »BD ICJOIBT FIOI IBTZCBBLS c 
C * * M M M M I M « * M M M « M M * m M M M M M * M M M « * W « M M M M M M ( 

Ct F i l l IOEBTIFICBTICB 
c 
ci asais. |BBSB;D.I*I .2) .IVESS 
c 
C» 3*FBIT«1 
C 
CO IBM" BCllEBITB Flic BBBE - FEBTOB - (It) 
CC BBSE BOllEBITB OIEB ICEB1IFICBTIOB - ;A6) 
CO ITIBS Fill VEBSIOB BCBEEB 
CO Bait CCBFtE FFECISICB FBBMETEB 
CC 1 - at BOBC IS SIB6LE FBECISICB BCBD 
CO 2 - BC BOBC IS CCOBLE FBECISIOB BOBD 
C 

CB SIBCLI tai .BE C111 
c 
CI tICCaO,I»,CJ.I1.BZOBE.BCBOBF.IBD,B1,B2.B3,B« 
c 
cc eicoao EIC-UDDT BCBHIIIXHIOB FACTCS 
CO IBTECFIL atJCIBT»CBI»FCBt»BD*»OSICF/K 
CC XI BOLTIFLICITIOB FBC1CB CE-EFF) 
CO CB FBIBITIfE F I S S I I f CCBFEBSIOB BETIO 
CC I I BESEIFBC FOf FBTBBE BSI 
CC ROBE BBBFEB OF CEOHETFIC ZOBES 
CO B5EOBF BOKEEB CF BEOTtCB EBEB6T CBOOFS 
CC IBC 0 F 1 I C * FOB IBCIOCIB6 TMBSFOBI IBTECFILS 
CO B1 FLIC OB fFOELEF I T E I S -
cc c- acaanc ac FBCEIEHS BEBE SOIFED. oa TBET 
CO BEEI E I 6 E M I L 0 E FBOELEBS 
CC 1 I S a00ED 13 TBIS I F a rxXEO SCOBCE FCBBIBO 
CO FBCEIEB BIS SCIVED 
cc io is a DO ED io TBIS IF a *niii sco tea EDJCIBT 
CO FBCEIEt BIS SClfED 
C B2 BESIBFEC FOB F E T U S BSE 
C B3 IESEFFEC F 0 I FOTVBi USE 
C • • BESIBFSO FOB FC1CBE BSE 
C 
CO 11 
c 

ICCBt) 
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ci mtsaais M I PBODBCTIOB I K M 

ci f fT ia , i ) v a* i .noKi , i« i . i«MiF i 
c 
ci Rcai*Kioar 
c 
CC T P i a i ( I ) * C I I f K t ) « l B J C X I i ; i K ) , IRECIBI CVEB I I 
CI BBS t C U I E . IXTICEB IT TIE IBXTXPXICATIOI 
CC fBCTCB, VCIIPf. I R E 6 I A X S 
C 

ci P H I . At JO i n veins IHECBHS 
C 
CX t t S ( l , B B ) , B O v I X O I E ) . > l * 1 , B C B C I P ) BOTE STIICTIBE BEXOB 
C 
ci noif*icBon> 
c 
c co 1 1 • i.icaoip 

1 M B B ( I ) •IXST IS BECVE* 
c 
CO S P l l I | H ) * > D J C I » T f K ) WOLIBE I I T E C M L S 
CC ; i ! T C CBOII 1} 
c 
c — 

C« H l E C i B l S f C I TBBISPCIT 
C 
CC F B E S U 1 O U T I f XID.C1.C 
C 
CL f(t(n,B),H*l,KOBE),B*1,IC»Clt) 
C 
CI RCIE«B6FOQ? 
C 
CC C PLCX(K)*>BJCiai|B) t C l M f HTE6IBIS 

CEOP 

SCOBTJ 



2C«-ia 

c aifiSB» i i /2«/ i« 
c 
CF BSTBT3 
c 
CK coeB-aiocB^BBBfacBai BBSTABI DIM SABED rca IBCO«BBT 
c 

CB icEnxricATioa 
c 
c i BBIBB, CBBSBIi | . i* i .2}«I*BBS 
c 
c» 3»aai? • i 
c 
cc BBARB BOIZEBXTB rut BARE - BSTBTB - : M I 
CB aasBfi} actifaiTB BSEB icEBtiriCA?xoaf2Af>) 
cc i» fas r u t VBBSIOB aaarer 
CD M I T BOBBLE MBCISIOB MBB8SfBB 
CD 1 - I t BCBC I S SIBCII BOB* 
CB 2 - B« BOBP I S BC8BII BBtCXSIOB «CBD 
CD f*Bsxoa i BESiatrt roa fntaar 
c 
c 

c 
ca SEfciric&iicas 
c 
ct arii.afi2.Bri].ai.B:.a3.aa.as.ati.aa2,i2 
c 
ca n 
c 
cc a m - a m f i n IDEBIXFICATIOB FLAGS 
CD B1 - 15 F-ESEBBEC 
cc BBI aaaan OF BKOFBS cr TIBE I BAIA 
CO BB2 BBEBEB CF BtCCECS CF TYPE 2 CAT! 
CC L2 IfBCtB OF AtL BECOICS OF TIBE 2 BETA 
C 
c _ . 

c . . 
CR FfCoaa LEBCTBS Cf Till 1 CBTB 
c 
ci ptia.-j) , J » I , a n i 
c 
CD aaiap) aaacfa cr acacs ta TIFE I CAT A BECOBC BECOID J 
C 
ca BBI c 

JCCBTl 



;o«-i9 

c _ — — — - _ — -
C9 SESTfti l DAT! iECCaOS. T1FE 1 
C ci :o«ss:i> .1^1,1) 
c 
CM s . M I C I i s » n s ; j ) « o BECCBC SIQOESCE J c 
CS 00 1 J*1,0B1 
CS 1 SE1C(«) "LIST AfCfE* c 
CC CAfSft) COCE DEPEBDE01 SE514BT. BECQfEIT DAT! IB Ski 
c 
c 

c . 
CB E E S T U 1 B I T * BECCBCS, Tt?E 2 
C 
Ct (DIBSf I) ,1*1,1.2) 
C 
CO 1 2 
C 
CS BO 2 J * 1 , 1 8 2 
CS 2 BBBDIBI * L I S 1 AOCtE* 
C 
CO MBS ( I ) CCCE DEFEBDEOT IICCVE3Y CAT! ABBBT TIE>E 2 
C 

CEOE 

SCCBT) 
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c 
c 
CP 
c 
CE 
c 

f E f i s B o i v ; t / i « c 
c 
CP 
c 
CE 
c 

FISSC* 

c 
c 
CP 
c 
CE 
c 

FZSSZJB soaacE ET xarEatat »»c tisTaxaarioa FOBCTIOB 

c 
c 
CP 
c 
CE 
c 

c — » | i i _ • - _ • x » w i » » » . i p • • • • • • • • • • • • • a j ^ » m w w ^ x » w i . 

ca 
c 
CL 
C 
ca 
c 
CD 

F l i t IClBTiriCaTIOB ca 
c 
CL 
C 
ca 
c 
CD 

aaaat, , ( B C S E : i ) , 1 * 1 . 2 ) , I f E I S 

ca 
c 
CL 
C 
ca 
c 
CD 

1.3*8011 

ca 
c 
CL 
C 
ca 
c 
CD aaaat BCIIEBITB F i l l BBBE - FISSOS - (««) 
CC oust BOlLEBITi BSBB ICEBIIFICBTIOB Ikt) 
CO IBBBS tilt VtBSIOB BCBEEB 
CO aan CCBEie EFECISICB FIFMCTEB 
CC 1 - Bt BOBC IS SIBCLE BC*C 
CO 
C 
c — 

2 - M BOBt IS CCBBLF EBECISIOB BOBD 

C5 
c 
CI 
c 
ca 
c 

SEKIEKBTICOS C5 
c 
CI 
c 
ca 
c 

TIE*, ECBta, BEEF, I B , J 9 , EB, BCf, EC, BX 

C5 
c 
CI 
c 
ca 
c 

9 

CC TIEE BEFEBEBCE BEIl T I M . DOTS 
CD EOffB fCBEf I t fEL FOB ICTB1L BEOTBOBICS BBCBltB, 
CC BM15 IBEtflU 
CD •SET aaiTXPixcaricB Ftcict 
CC IB aaaBEB OF FIB SI CIEEBSIOB PXBC IBTEFULS 
CD j a BBBEER CF SECCBC CIEEBSIOB PIBt IBTtBtUS 
CC an Batata OF TBXBC IICEBSIOB naz IBTEMALS 
CD act BEFEEEBCE CCBBT (CYClt BBKEEB) 
CC 06 BBBBEB OF BBtBCT CBCBPS 
CD 
C 

at BBEEEB CF XCBIS 

c— 
c 
c 
ct 
c 
ca 

c— 
c 
c 
ct 
c 
ca 

flSSIOB SOBBCB CISIBIBilllOB F8BC1X0B 
c— 
c 
c 
ct 
c 
ca 

f | C a n p , K ) . B - 1 . W ) ,B«1 ,B6) 

c— 
c 
c 
ct 
c 
ca ac«a« 

FCOBtl 
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^r c o c i u a i . n SOBBCE or BEBTKBS I I CBM» I . ZOBE • 
c 

CI EISSX3B SOBBCE V1LBES 
C 
CI ( ( F f S ( I . . I ) , I ~ 1 # i R ) , j « 1 # j a ) M i l S1BBCTIBC BKIOB 
C 
CB IB*JI 
c 
CS BO 1 B ' l . K B 
CS 1 K l » ; i ) • t I S l AS AEOfE* 
c 
C PPS HSSIOB SCBBCE EV IBTEBBAL, BESTBOBS/SEC/CC 
C 

CEOF 

roatj 
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C *̂C*C*C*C*C«C^«C«C«C *̂C»C^»C«C«C»C«C»C»C*C*C*CC*C*C*C«C«C*C»C*C«C«C 
c 
c TBS rciuaxaa eccaacats aoa a siiciai r a t is BBXTTEB xa ace 
c rot TBIBSBISSIOB or Tat aaxa ttsttTs raca a atrrtcacxs racetca 
c tc aacTaat xasTttxaTioa ia i sitcit r m , coanxrt axra tat 
c tssiaiiBL aocaataviac IBPOBBATXCB 
c 

aiviaxTxoas • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
ccoarrat 
aaaata or xoais 
BVBBEB cr atcicas 
aaaata cr soai ciassifictTioas 
aoaata cr FIBST exatasxea COABSI atsa mEavais 
BBSEEB or stccaa DIBEISXCB COBBSB atsa latrati is 
aaaait cr raira CXBEBSXCB ccaasc atsa xarravais 
aaaata cr n a s i CIBEBSICB rxai aasa IBTBBVBLS 
aaaaca cr stccaa BIHISICB rxat azsa IBTEBWBLS 
aaaara or TBIBB CXBEBSXCB FIBE assa IBTBBMLS 
PI 1ST BCBtBit l XBtlOTOB CB riBST BXBEBSZCB 
LAST BOBBC1BT IBCICA1CB CB FIBST BXBtBSXOB 
FXBST acaaaaat iaaicaToa ca sreoat eiatsssoB 
lasr tcaacaav IBCICFTCB CB stcoaa BXCEBSXCH 
Fitst acaaaaat xaaicaioa ca TBIBB BIBEBSXCB 
U S T tOBBCBBT IBXICBTCB CB TBIfct CIBEBSIOB 
BBBBEB or aacaiiBC sFEcxrxcaTioas 
BBBBEr Cr COBSTABTS KB E R E t M t BOBBUBXES 
BBBBEB Cr COBSTABTS KB IBTCTMl BCBBCBBIES 
BBBBEB CF ZOBES BBICB BEE t i a « AtSOBBEBS 
macoaai CBCBETET CMICB 
KCXCB BSSXCBBEBI crric* 
BOT BSEC 
COIBSE BESB ECBBEBBXES, EXIST CHEBriOB 
COIBSE BESB tOBBMBIE!, SECOBB BIBEHSICB 
COABSE rssa rcaazaaifs. THBO BXBEBSIOB 
BBBBEB cr ri*E atsa IBTEEUIS PEE CCI»SE rtsa 
IBTEtWai* riBST ClBfBSICB 

BBBEEB or PIBE BESB isiEM&ts ret CC&BSE PESB 
IBTEMII , SECOftC EltSBSlOB 

BBSBEf Cr FIBE 8 K B I I T f f t l L S FEE COABSE BCSB 
XBTEBtai. TtlBC CIBtBSICB 

a?cxca rctBiFs 
BCCBLIBC mass 
SOBBDiBI COBSTftBTS 
XBTEtaai Btaca acoatttT ccasraaTS 
XOBE BtrtEBS BXTB EI»CB >ESCBES» C08BITX0BS 
<OBE CXBSSXrXCATIOBS 
zoat aarrit assicarc TO ESCB CECIOB 
9SCI0B BSSZCBBEflS TC BESB IBTtBfBIS 

I P BMSS EC o ccitss rfsa 
tr BBASS BQ 1 P7BE BESB ^XBtTS TBIS CSTIOB) 

SSFEBEBCE BEBI TI« 
POBEB LEffl 
fOLBRE C«EB BBXCB ICtlB BIS BETE9BIBEC 
asr*BEBCf coaai scictt strati) 

c « * • • • • • • • • • • • • • 
c XCCB 
c BSCBE 
c aate 
c a tc i 
c BCXBTX 
C BCIBTJ 
c BCIBTB 
C B I B T I , I B 
c B I B T J . J t 
c BIBTR,BB 
c IBBL 
c XBta 
c JBBT 
c JBEE 
^ BBEr 
c tata 
c BBS 
c aacs 
T. BXECS 
c isaaa 
c Bftxao 
c BBBSS 
c accr 
c ERESB 
c TBtSB 
c xatsa 
c i r m s 
c 
c JFIfTS 
c 
c RFHTS 
c 
c vox: 
c ESC 
c BBCC 
c BBCT 
c BXBSB 
c axe 
c »caa 
c 98 
c 
c 
c XIBE 
c fOBEB 
c FOX 
c act 

rot*) 
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1* C MS PORES OERSITt 
C M i l RUBBER OE OISERSIOBS 
C BStOB? BOBBEE CF EREFCf CRCDIS 
C XTEa 9RTER I1EKATICR ROHEEE A1 ilRXCR f l O I IAS BSITTER 
C ETEH EPFECIItE SBITIPIICITKR FACTOR 
C ESEC S » « L 1 I 1CTAL EMI 
C M H M « t M M l N N « H * I M « H M « M 1 M « « M I M M « H M M M M « « M H m M M 
c 
c—•••••••••••—•• •••••••••••••••••••••••••••••••••••••••••• •*•••••« 
c 

RZAo;isafviaci| ;tiTiE:n.i«i.2«) 
c 
( - • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • f t * * * * * * * * * 
c 
C STAR1 IR1EEPAC? CECCST 
r iEAo;x«A« ,ue2> 

RCERRI « BCIBTI • 
lEIBflSAR, MCI) 
BCBSBJ « H U R T J • 
B E I C K S A R . I O C S I 
BCEBCR * BCIBTK * 
I E A B I I S A V ^ I J C I ) 
>£:c txsa f .MC2> 
READ a s a t , U 0 2 ) 
BEIR; tSI t # 10C2 | 
9E«CfISat .WC1| 
REAR ? 5 A V, MO J) 
BE»E(XSA«„1JC3) 
B E a D U « a « , i a e } ) 
I P | B X B E E . M . C | 6 0 
B E A D ; X ; A V , M C 2 ) 

100 COETiaOE 
READ;lSA«,iaC2) 
9 E f c : i : a f > u c 2 ) 
IP HAASS.CT.Q 60 
xx « acxvrx 
JJ * BCIBTJ 
RR « SCI AYR 
co TC ic: 

I O I comsRE 
XX * B1B1I 
JJ * BIBM 
RR * axan 

102 COBTIBCE 
CO 103 R>1,KR 
oo ic« J « I , J J 
• E * B f I s a t # U C 2 ) 

10* COBtXBBt 
103 COBTIBBE 

X6Ca#BZCRE«BtEC,ltCl.BCXBTX.BCXR1J>BCIBTR. 
• IB1I .BIBXJ.BIBTR.I t t l .XBBB,JH?,JBEE.BHtP, 
RREE,BCS,RRCS,»IICS.RZBBE.RTSIAC,BRASS. 
( a « o r f i i , i * i . « ) 
i 
fXBESfl '.I» , 1 »1 .BCEBtl) 
1 
IfBESR;j|,J«1.RCERCJ| 
1 
;ZPESa:R|,R*1.RCERt»} 
tXPIBTSfX),I*1,BCIA1X) 
fJFIPTSf J ) , J « I . R C I t t J I 
;RFIBTS;R> , M I .RCIATPI 
(VCL*(L),l*1,BtEC) 
| tSOpj | . l «1 .B tS | 
ftBEC{B>.B*1.BtC!) 
(BRCX:RIVB>I,BXECS> 

TO ICO 
;BZBCB:B) #MIVRZBBEI 

(BXCfH),r-1,PZCB*) 
(BZBRIU.L'I.BEEC) 

10 1C1 

f B B f l ) , I « 1 . I I ) 

IC0B1) 
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C B i t IR1EEPACE CEODSf 
C 

c 
C STABI IUEBPACE PBCIB? 
C 

BBAD(I5AV,10C«) T ieE,POBEB.tOl . IF , je ,RB,KY 
C i n * I I I U 
C JB « B U M 
c i i i a i m 

00 105 Ml ,RE 
CO 106 J*1,JB 
BEA9;i<lf ,10C3) | f Bl (I) , 1 * 1 . I B ) 

106 COITIB0C 
105 CORTIBCE 

C 
C EBB IB1EEPACE PBBIBT 
C 

C 
C STABI ZIUBPiCB BTF10I 
C 

BEAD (ISAt,10C5) IBXB,B6fC0P,BXB?I,BIBTJ,BIBTR,ITEB,EPPR,POIBB 
CO 107 E*1,*1BTR 
DO 108 E*1,BC»0BP 
00 109 J*1,BIBTJ 
BEAD JISAt, 1J03) ( P K C : i ) , I * 1 , B l B T T ) 

109 COITIBBE 
106 COB1IBCE 
107 COETXBOI 

C 
C IBC I l l fSPACI BTPLOI 
C 

c 
1001 rOt(IAT(12A6) 
1002 POE9AT(12X6) 
1003 rotmr (tt12.it 
100« POBB«T(3E12. 5 , « 6 ) 
1005 fOIRAt (616 ,2112 .5 ) 

C 
c*****«****«*«*««* **#••******•••••*«***•**#****•*•••»«•»»**• * • » • • • • • • * * * 
CBHD OP IRE IIIB 
C*C*C»C»C*C«C»C*C»C»C*C*C*C*C*C»C»C»C*C*C*C«C»C*C*CC*C*C»C»C»C»C *C*C*C»C 

IID CP SECTICI 201 

http://tt12.it
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Section 205: Overlay of Blocks of Program 

For ef fect ive use of the coaputer 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 i s a l i s t i n g 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 overlay l eve l . 
Control to the lowest leve l must be resident for return through the cal l ing 
routines without input of program. Thus the specif icat ions identify 
groups of subroutines along any access sequence, control passing to level 
D, then level E, e t c . blocks of program assigned ("inserted" at) the 
same level share storage; the storage requirement for program i s the sum 
of the maximum requirements at each l eve l . 

When the code i s used as a load module or «i job control procedure i s 
used as available to the system, a su i t ib le overlay structure i s made 
available and need not be supplied. 
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IICBBS 285-1 . NOCIH OVSlUt 51BCCTBSB 

tSB tCLICIIBC X.XS1IBC SBOVS TEE CCIBB8XCETX0B TBBMCB TBE BOVTIBES 
m a I N XEtBis or otEBtav, c aac E . IB I B B I T I O B , TBE POILOBIBC BOBTXIES 
flBC IBBBI COBBCB BRACKS) EBB IB TBE (OCT SBCBBBT. 

BaiS,aalV # BIPP.SRBa,PtaS,STGa,BBCB,tCFC,SEEB.arTE,CBIT.TIPEB,BEFIlE 
CXOSBA 

OfEBLET UTEIB 
ZBSEBT tEBTvIOBOvCOBB,COBl,COBr tCBaBvCOfB,CCBB,BBSF,CaSB 
OfBBXIT XBtEXC 
IBSEB1 CETCCB.PBtCOB 
OfEBLIT XBfEIC 
IBSEBT RaC1,B*C2,RAC3,UCR #PftC5,RlCt,BACl,tACB,CBCfl.SCll 
OfEBXET XBfEIC 
IBSEBT COR1,BSS0,BRCP,aSB1,COB2,COR3,CRCT.CaB«,COHS,CCH7,CO»9,BBBT 
7BSBBT BSB3.6FOC 
OVEBLIT I E ? l i t 
IRSERT F*IA,FBI1 # tf lI2.FHI3,;RI«,FBI5,IBI6,EB*B,PC2D,PC3e,EDBa,SDBB 
OTESLIf t B f l l C 
TBSBBT CaiX#EBTC#iaCK,CCBC 
OtEBLET L B ? I l l 
XRSPRT a0R1 #AEB2,IBB3,BCXC,CSBP,CIBS,UrS.tM1,CIR2,CRES,CR«X.,DIR) 
IPSERT BTBf,CECf,tLBC,FiaB 
OTPRlkT IBPEIB 
XBSEBT COaC,LClL.H.XB,PISB,BSQf,AJRT,fEt1,EfCS,Zia3,S*V{,Slf2,SftT3 
IHSP.R1 « t M . £ l f 5 , < A V t , S I T 7 
OVEBLIT LET IXC 
IRSER1 CBTR.MLC,lIBS,CRBP,CBB1.CBt2,I?IP.J0SB,aTED,PP6G,RDRE,RELI 
IPSPIT ISOB.SSOB.FSOB.PLBB 
OT'RlftT IEPEXE 
IBSERT R0EX.ETR1,fTB2,S«CA 
OVEBUT XEPEXE 
IRSERT COIR,(RES, HES.PREC 
0VERLRT IEPEII 
IRSERT FOO1,S001,POO1,IBR1.1001,IE11 
OVERLAP ISPEIE 
IRSEHT FO02.SO02,PO0 2,IRR2,IO02,LER2 
OVERtAT IEPEIE 
IRSEHT FO03,S003 #FOO3,IRR3,IO03,XER3 
OVERLAT IBVElf 
IRSSRT fO0«,S00R,K>O«,HRR,lOOR,LEM,CCCE,QIlI,SC0I,J*C« 
OVERIAT IEVIIE 
IHSERT FO05,SOO;,POO5,IRR5,tOOS,LER5,J1C5 
OfERLiT LEfEIE 
IRSERT PO06»SO06,Il i»6,DIlI 
OVERIAT U V I l f 
TRSERT I0QX,SC0T,EOOX,IRRE,LO0I,LERI,SCCZ,C1CX 
OVSRUt I g f f I C 
IBSERT ECIT,?00I,IBAL,S0Bl,fISS,PLIR,ESCS»fRDR 
OVEBIAT IEVHC 
I1SERT FERT,CAPA,UPE,PERC,HftPS,PHA?,CCCI,fT0B,10PT,BEB1,BBE2,HRFT 
ERTBI fiaiH 

EBD Cf SECTICR <0i 
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Section 220-1: Conversion to Other Computers 

The reference code i s programed for an IBM Machine. We anticipate 
a second version of the code being aade available for certain other 
•^chines, especial ly for the CDC-7690. This discussion addresses aspects 
of the programming which Must receive attention in converting between 
•achines. Comment l ines within the source deck identify specif ic problem 
areas. 

On an IBM Machine, Much of the calculation i s done in double preci­
sion and certain data carried as long words. On long-vord Machines, this 
data should be carried as regular length and the associated double preci­
sion operations changed to s ingle precision. This change i s essent ia l 
to minimize storage requirements. Alphanumeric characters are carried 
in the guise of real numbers (Hollerith) as A(6) requiring long word 
storage on an IBM machine. 

As a convenience for conversion, a multiplier i s 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 a l l REAL*8 statements. 

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

3. Change a l l references to "Double Precision," as in function def in i ­
tion statements. 

4. Change LX(39) to 1 from 2. 

5. Change the apostrophes which delimit alphanumeric strings in FORMAT 
and DATA statements. 



220-2 

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-Day—Year 

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

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

9. Provide the necessary overlay structure. 
10. Correct any discrepancies missed by the IBM 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 IBM machine. 

In converting this code, consideration should be given to data storage 
and transfer requirements. If large probleos are to be solved, even a large 
extended core cannot contain 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 
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Section 235: 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 art the details of transferring dat . to and 
from memory using auxiliary storage within any hierarchy. The available 
fast memory and slow memory eust be allocated carefully, and judicious 
choices Bust be aade between alternatives in blocking the; data and trans­
ferring it between the individual storage devices. Modifications to the 
procedures employed in this code may be found desirable. However, the 
capability of a particular facility in regard to rates of data transfer 
and storage capacity Bust be well understood as well as the strategy 
employed in this code if a Modification is to produce iaproveaent. 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 orthogonal 
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 rhe 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 any 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 
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space array of the total fission source with distribution of this -\ito 
the individual groups. 

In one of the aodes of data handling, the flux values are stored 
on a direct access device in successive blocks for each energy group, 
with the values for each plane 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 energy. Then for the source 
calculation, they aay 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 repositioning of the disk head using the capability 
of the operating system to account for where the records are located. 
Upon reading or writing flux values, they '.re processed sequentially when 
possible to minimize the amount 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 plane 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 different files. This permits sequential read­
ing and writing. A third file is also carred because the outer iteration 
acceleration schemes need three successive iterate sets of the fluxes, ami 
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 this 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 stored in the computer memory. The 
calculation proceeds with very little data transfer. 

Space Stored Hod* 

For problems of moderate size, the equation constants, the flux values 
and the necessary source values are stored in the computer memory for 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 calculations, in this mode the space problem at 
one energy is further partitioned to reduce the memory requirement. Data 
for several rows of fluxes are scored and inner iteration proceeds with 
the minimum mount of data transfer for a given problem using the avaialbe 
memory. This mode of lata handling is a subset of that described in more 
detail below. 

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

In these modes data for several planes of a three-dimensional problem 
are scored in fast memory or slow memory. Consider Che array of mesh points 
normal to rows for an arbitrary number of columns and planes: 

Column 1 2 3 4 5 
Plane 
1 . . . . . 
2 . . . . . 
3 
4 . . . . . 
5 
6 



225~i 

tscti dot represents a row of points for which nev inner iteration iterate 
estimates of the flux values will be obtained simultaneously. The calcu­
lation proceeds in such a way that the latest values are always used in 
the calculation. That is, using the first subscript to refer to column 
and the second to plane, after fluxes for row a. . are obtained, fluxes 
for rows a , and a, . may be calculated. Considering that the calculation 

i.— — »i 

proceeds in order across the columns on each plane using the latest values 
of the fluxes obtained ' o r t n e plane above and the column to the left, the 
process aay be described as follows: 

Plane Iteration 

1 1 
•> I 
1 7 

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 
ra-2 3 
m-3 4 

m-n-1 n-2 
m-n 
m-n+1 

,-! 
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Completion of the procedure is as follows. trh*-re X is tht total nmsbrr 
of planes: 

Plane Iteration 

M n-3 

M-l n-2 

M-2 n-1 

M-3 n 

M n-2 

M-l n-1 

M-2 n 

M n-1 

M-l n 

M n 

Storing the equation constants and source values for n planes and 
the flux values for n+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 the 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 into one record for each plane. 

In the "multi-level data transfer" mode, data is moved from slow memory 
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 



225-* 

on local computers in this mode show it to be very inefficient in total 
time and have an extreme data 'nput/output penalty. 

Input/Output Operations 

The number of data Input/Output operations is approximated for three-
dimensional problems by the following equation: 

Let̂  I * the average number of inner iterations in each group, 
L * Che number of planes treated simultaneously <l, 
N • che number of outer iterations, 
C ~ che number of groups, 
B - ch*. average actual scattering bandwidth in groups, 
P * the nunber of planes, 
R » the number of rows, 

the number of data Input/Output operations, disc-memory; 
l. > . , ail stored mode 
1 8 +Jil#i_±_L\ /.i S P 3 " stored = AG (500 + (X + 2) 4 • P l 4 ( - T — ) + B]. B ^ c i p l a n e s t o r e d 

4 + PR{4I + 4 +• B) one row stored 
) 

Where A is the average physical block size of the records, 1 for small 
problems but increasing with problem size. There is a direct dependence 
on the scattering band width not shown and Chebyshev acceleration adds 4 
inside the square brackets. Typically X = 3PR/I. 

Our attempts 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 ORXL, 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 Information 

In the following sections, application informic ion is supplied which 
is directed to lac rtreds of the program user- He is referred to the intro­
ductory section of this report for a broad coverage of the function of 
this neutronics c*»de block, and to the later sections for the calculation 
algorithms. A user flow chart is presented in Figure 001-1 on page 001-3. 
Specific program considerations are given in Section 401. The discussion 
(disclaimer) on input data is in 403, error checking is covered in 405, and 
restart and recovery in Section 410. Section 440 addresses edited results 
and 4S0 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 options are covered in Section 204. Generally, these 
provide unique functions with minimum interaction. Automated 
selection between 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 10~6 and 
carry significance (atom density times cross section for the 
contributions to a macroscopic cross section from two nuclides), 

b) Data outside of lO1"*2 can be expected to produce chaos (power 
level for example), and 

c) Large step changes in the mesh spacing, say by a factor of 100, 
may cause difficulty in converging the iterative procedure to 
effect 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 terns of space-ar.ergy points, 
the more storage required or the- more data which must be moved from 
auxiliary storage during the 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 dati 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 
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information which may be collected as background by a user for 
reference. 

5) 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. 

6) 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 secf'jn must yield a macroscopic value having 
units of cm - 1 for consistency. 

7) Man-machine interaction during execution is not allowed. 

8) No special forms of output are available, just printed pages, and a 
large stack of paper will be produced for a large problem if many 
of the edit options are exercised. 

° N 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 is probably due to inadequate data or possibly inconsistent 
instructions. 

END OF SECTION 
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Section 403: Input Data 

The VENTURE code block does not read data from cards. All data for 
a calculation mvst be provided through the standard interface files and 
the special interface 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 standard free-form input data 
processor. Although the LASL standard input processor 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 separate document 
acompanying this code describes the punched card 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 c in not be 
generated by known versions of the standard input data processor. 

aJ. C. VLgil, et.ai., "Service Modules for Version II 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 Checking 

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

The fatal errors are of Chree 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 Che 
cause should be traced and corrective action taken. 

END OF SECTION 
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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 written, 
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 vo,(g) •-< (g~*g'). 
The macroscopic data is recast into the separable form vL,(g), x(g) without 
carrying the full group to group dependence. Both the production term 
(\iZf) and the distribution function (x) are made zone dependent. 

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

In applying the P. 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 written, 30 and 90 triangular and (S-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 hexagonal geometry is treated as shown in the figure 
with the X and Y coordinates at 60 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, »»ith 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 scattering and transport 
properties are ignored 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 over*-
ridden by IX (11) in the DTNISS record in the CONTRL file; it is possible 
for the data to present a never-ending calculation, 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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-!> Section 410: Restart and Recovery Procedures 

A simple scheae is used to save the data required and to access it 
for restart 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 only if 1) the convergence criteria 
specified are satisfied, 2) the limiting number of outer iterations 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 COKTRL file input data. 

The restart procedure is designed to effect the continuation of the 
iterative process terminated at some point in a previous computer run. 
The general procedure consists of recalculation of cross sections and 
equation constants from 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 admissible 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 CONTRT. 
in Section 204): 

1. The special restart data file must be available from a previous 
computer run (normally 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 run), 
except that when such interface data files as GRUPXS have been 
generated and saved by other code blocks, they, of course, need not 
be regenerated. 

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 iterative 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 Pt to PQ, eigen­
value problem to search or adjoint or fixed source). 

Generally the previous procedure will be continued. Thus, the 
overrelaxation coefficients will be saved and used. However, such basic 
control options as of use or not of Chebyshev acceleration on outer 
iterations may be changed. 

Although it might be better to start the problem over, the following 
are allowed 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 assignaent of internal 
black absorber points. 

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

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

Note also that any problem may be started froa 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 alloved; it is assumed 
that a regular expansion of the mesh points was dene 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 output. Brief, 
descriptive headings identify output results. Major edits are under 
control of the user. 

Problem Details 

Certain details of 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: 

x. The geometric description including the locations of mesh points and 
material interfaces and zone volumes. 

2. Boundary conditions. 

3. Nuclide concentrations and associations with cross section data. 

4. Microscopic cross sections. 

5. Cnticality search specifications. 

Preparatory Information 

The following information 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: 

1. The calculation mode. 

2. Assessment of inner iteration convergence. 

3. Assessment of outer iteration convergence. 

4. The maximum relative flux change from one outer iteration to the 
next. 

5. Estimates of the eigenvalue of the outer iteration error vector 
which dominates asymptotically. 

6. Outer iteration acceleration factors. 
7. Actual eigenvalue used in the calculation. 

8« 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: 

1. Number of outer iterations done. 

2. The terminal calculation mode. 

3. Terminal maximum relative flux change. 

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

5. Information about acceleration parameters, 

6. The eigenvalue of the problem, often the multiplication factor. 
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7. Reliability estimates of the multiplication factor. 
8. Power level normalization. 
9. Fraction neutron loss to the search parameter for certain criticality 

search problems. 
10. Gross neutron balance (external leakage, losses, production source). 

Results from the Calculation 
Edits of the following are available to the analyst: 

1. Neutron balance data by energy group and zone. 
2. Cross neutron balance data by energy group. 
3. Point neutron flux values. 
4. Peak power density. 
5. Power density map over space. 
6. Power density traverses through the peak. 
7. Neutron density map over space (given group velocity data). 
8. Neutron density traverses through the peak. 
9. Adjoint neutron flux values when calculated. 
10. Calculated axial buckling values by traversed zone and group when 

requested on one or two planes. 
11. 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 othar modules in the system, such as 

integrated reaction rates and interpretation (as in a fuel conversion ratio 
calculation) by the reaction rate module. 

An estimate of the primitive conversion ratio is also available when the 
fissile and fertile m^T'des are identified. 

END OF SECTION 
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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 
CITATION." 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. 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. However, the 
end results should be in very close agreement. 

aIbid., p. 403-i. 
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VENTURE Saaple Problem 1 

"Periodic Boundary in Theta-R Geometry, Case A4 with Black Absorber 
24.*:20X3 Croup, 1440 Points Stream of CITATION Cases ORNL 72" 

This is an eigenvalue problem in _R geometry which is a 180 seg­
ment. Due to symmetry conditions, the problem can be solved with reflec­
ting boundaries by reorientation (see Case Al in the reference report). 
As oriented, Che repeating, periodic boundary 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. 

COARSE MESH SKETCH OF VENTURE SA>PLE PROBLEM 1. 
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Note th.it the macroscopic cross sections are provided in pse>ido 
aicroscopir fora to generate an ISOTXS cross-section file. The normal 
neutron flax eigenvalue problem vas solved and then the adjoint problem 
using k from the normal problem. The problem vas solved with all 
data stored in the computer memory which minimizes input/output of data 
between ntemory and disc. 

VENTURE Sample Problem 2. 

"3-D (X,Y,Z) Buckling Search (Old Uhirlaway Case) 

9x9x5x2 Grou5, 810 Points Stream of CITATION Cases ORNL 72" 

This problem treats one-quarter of a reactor and involves three 
zone." of different compositions. Again macroscopic cross sections are 
presented as pseudo microscopic, but here in the group-ordered file 
GRUPXS requiring no processing prior to use in the VEMTRE code block. 
The problcn is artificial in that the solution requested is the 
eigenvalue of a buckling search, not usually directly applicable to 
a three-dimensional problem. However there is simply a neutron loss 
rate equal to Dl$2 over the problen. The eignevalue problem was solved 
in the multiplane stored mode of data handling and also the following 
adjoint problem, t-^rturbation calculations are also done and space 
point importance maps are printed. 

http://th.it
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VENTURE Sample Problem 3. 

"2-D 17 x 10 - 5 CROUP SEARCH PROBLEM 
PRIMARY SEARCH - NUCLIDE (DIRECT) - SECONDARY SEARCH * DIMENSION" 

This problem treats two-dimensional (R,Z) geometry. The input instru­
ctions for the problea first instruct the code to do a direct nuclide 
criticality search for a multiplication factor of 1.01 by adding a mix­
ture of heavy metal (/ 3 SU, 2 3 JPu, 2-'-Pu). The solution is found to be 
1972 addition of material, exceeding the amounr of material allowed to 
attain the -iesired multiplication factor. Th« input instructions further 
specify that all of the available material (100%) should be added and 
that a 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 reaction rates are produced and printed. The geometric 
description of the problem i- shown below. 
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2.030290E-0: 0 .0 2.71072*8-05 

• 0 / 
• T I - 1 9 1 * •CITCXS* • T * - l » l » / 

179.3900 0.0 «8 / 
7 1 1 0 5 t 1 1 0 0 1 / 

1 2 3 3 2 / 
1 59 

50 / 
* .1377301*00 6 . * * *1 * t f t *00 1.075010E«01 1.6871*98*01 2.»709598*01 

(00 R l 



•59 -13 

7 .9*99*99-92 2.997S99C-91 9.2S9299E-0I 3.22**29E*99 ( . I M M M H I 
3.773*991-93 9.9 9 . 0 0 . * 0 . 0 
2.999999E«9C 9.9 • . • • . • 9 . 9 
7.S59379C-91 Z . J N i M M I 9.9379*99-93 9 .9 9 . 0 

7» / 
S.95329*B«99 7.2779991*99 1,309S79C»99 I . W 2 H 9 I H I 1.379990B-91 
2.999139E-92 1.«SI0*9I«0I T . S M T H M 2 I.5093391-93 2.9C3S*9E*91 
3.95*919E-92 

• • - 2 3 5 • • C I T U S * *9-23S • / 
233.9259 3.M9H»09-11 W.0 • • / 
l i t 9 St 1 1 * 0 1 / 

1 2 3 3 3 / 
1 SO 

Si / 
«.7«9599E»99 9.222S«*E»99 1.359S39C»91 1.91*319B**1 3.1f*229C»9t 
0 . 9 9 . 9 9 .9 9 .9 9 .9 
9 . 7 S 3 M 3 I - 0 .9SJJ99B-0I • .3239929-91 2.3*97399*99 t . I 1 * 1 * 3 9 * * 9 
1.27t«9*f*9C t.*227709*00 2.3*75399*99 5.3*99*0 E*00 1 . * 3335*1*91 
2.**79S9E*99 2.«S797*B*00 2.«33379E*99 2.*39399E*00 2.«39979E*00 
7.SS9379E-91 2.J092S9I-OI 4.93799*9-93 9 .9 9 .9 

79 / 
* .9S*979E*99 7.*»J**9E*00 7.7999191-01 U9*1*99E*0 I 1.1299291-91 
9.2929791-03 1.I3S«J9E*01 J. )0t159E-02 * .01*399E-9* 1.1779199*01 
1.9I1250E-C2 2.o7*S5OE-0S 

•9 / 
• 9 - 2 3 9 • •CITISS* * 9 - 2 J * • / 

239.0099 J.192S00C-11 0.0 • • / 
2 1 1 C 59 1 1 V 0 1 / 

1 2 3 9 3 / 
1 S I 

5* / 
* .9 * *7«9E*00 8.57I0J9E»00 l .3*«*70E*OI 1.7*91*9E*01 1.950239E+01 
0 . 0 0 .0 0.0 0 .0 0 .0 
9.*S7S«SE-02 1.70217JE-0I ».90*S30E-01 9.73S9S0E-O1 1.391S39E*00 
3.3*60201-01 2.J7*S*OE-0« 0 .0 0.0 0 . 0 
2 .7* *51*1*00 2.**6«3»e*09 0 . 0 0.0 0 . 0 
7.SS0370E-C1 2.39025OS-0I » . 937**99-63 0 .0 0 .0 

7* / 
*.999910t«OC l.O02S2OS*Ot 1.019«39S*00 1.3259701*01 1.3775709-01 
• . • 7 0 I 9 0 E - 0 2 ;.»9»0S*E*0I •.11C790E-02 5.152000E-0« 2.062660E-0* 
1.9303791*01 1.O*7**0t-02 J.997150E-C* 

•D / 
• 90 -239* * C I T » S * • 9 0 - 2 J * * / 

236.9990 3.25990OE-1I 0.0 *9 / 
1 1 1 0 59 1 1 O 0 I / 

1 2 3 3 2 / 
1 59 

50 / 
* .9S*309f*0C e.7)0100E*00 1.*17*30E*01 1.9*9119K*01 i.2719«9E*01 
0 .0 0 .0 CO 0.0 0.6 
I.96996SE-02 1.7OJ«O5E-01 5.O75597E-01 1.7509 JOE* 00 5.1CS810E*00 
1.08)O7OE*OC 1.5«**19E*00 1.7S36S0E«00 3.5?0*70E*00 *.37629*f.*00 

ICO M l 



•50-1« 

3.1596701*00 2.9Ui*J«>E»i>v) 2.87«129E*00 
7.S5C370I-01 2.J«0250E-U1 ».937999E-03 

7D / 
« . 7550*9E*i<C 8.»*0»O0E*OO ».977**0E-C1 
1.«03890E-02 1.^tH10E*01 5.9965*0E-02 
2.2*76«0E-02 

•D / 
•P0-2*0» *CIT81S* •f-U-,2*0» / 

237,9900 3.28274UE-11 0.0 *8 / 
2 1 1 0 58 1 1 0 0 1 / 

1 2 3 * 3 / 
1 5* 

50 / 
5.05««69E*CC 6.60t»70E«00 
0 ,0 0.0 CO 0.0 0.0 
9.M0967E-02 2.0993*08-01 
1.5*3«60f*0C 2.3278*08-01 

2.870«89E»00 
0 .0 0 .0 

1.1520808*01 
1.393650E-0* 

2.9?OC6G£*00 

5.9383 30E-02 
1.321710E*01 

1.371*208*01 1.8881708*01 2.«10*89E*01 

3. 1*6529E*00 2.9359«V>8*00 
7.550J70E-01 2.JS02SOE-O1 

5.826710E-01 
1.00t230E-C1 
2.87*260E*00 
6.937999E-03 

70 / 
*.9««110E*00 1.tfO*1dOE*OI ».152250E-01 
1.6179201-02 1.6967lH)E*0l 3.6571208-02 
1.9211*01*01 3.2377»0E-02 1.642760E-05 

»D / 
• M-2*1» *CITBXS» •F0-2-»1» / 

238.9780 3.3051008-11 O.O 48 / 
1 1 1 0 58 1 1 0 0 1 / 

1 2 3 * 3 / 
1 58 

50 / 
5.10«230E*00 6.fr*3»*9E*O0 1.269630E«01 
0 .0 0.0 0.0 0.0 to.O 
2.66B953E-02 2.17299S8-01 6.06*1008-01 
1.703650E*0C 1.U69960E«U0 J.036860E*00 
3.2569*01*00 3.0056198*00 2.973280E*00 
7.55C37CI-01 2.J8U250E-01 6.937999E-C3 

70 / 
«.529670E*0C 7.fc?J819E*00 1.165**9E*00 
7.1229*61-02 1.12' '908*01 «.1*15308-02 
1.299900E*01 2.0775UOB-02 1.391030E-03 

*0 / 
•P0-2*2» *CIT»X5» »PB-2»2» / 

2*0 .1*50 3.276200E-1I 0.0 *R / 
3 1 1 0 58 1 1 0 0 1 / 

1 2 3 2 3 / 
1 58 

50 / 
• . •937791*00 7.7211608*00 1.»16950E*01 
0 .0 0.0 CO 0.0 O.O 
* .16*9821-02 1.358«708-01 «.516I67E-01 
1.*535*01*00 1.3982308-01 • .6323208-02 
3.1228001*00 2.»856JOe*00 2.8122898*00 
7.5503701-01 2.J8025OC-01 fc.9379998-03 

70 / 

1.765 706 E*00 
8.2*82*0E-02 
2.8706*98*00 
0.0 0.0 

1.332*208*01 
•.508259E-05 

5.5358018*00 
5. 786900 E-02 
2.8 70070E*00 

9.791566E-02 
1.091320E-0* 

1.976*598*01 3.767090E*01 

1.6689908*00 
6.653950e«00 
2.969«89E*00 
0.0 0.0 

9.1139908*00 
5.6569998-03 

5.6 1«21?E*00 
1.9558598*01 
2. 9 €90 608*00 

3. 1880*08-01 
2.5S0660E-0* 

2.0933798*01 

1.5350608*00 
0 .0 0.0 
0.0 0 .0 
0.0 0 .0 

2.8C6M9E*01 

5.9CC1098*00 

IC08T1 



•50-15 

5.05170CE*0C 4.J56939E*0d 6.037650E-01 1.«33580E*01 1.2915808-01 
1.0922*OE-02 1.*»521dE*01 4.589510E-02 2.6317608*01 3.522350E-02 
6.624369E-05 

*a / 
•SSFP • •CIT8IS* »SSFP • / 

161.0000 Q.C 58 / 
8 0 0 0 51 1 1 0 0 1 / 

1 1 1 1 1 / 
1 58 

50 / 
3.563750E-02 1.J71830E-U1 3.716339E-01 9.29*8008-01 3.0853898*00 
0 .0 0.0 CO 0.0 0.0 
3.68C390E-02 1.4Q9680E-01 3.771360E-01 9.283320E-01 3.130919E»00 

70 / 
0 .0 0.0 CO O.C 0 .0 

08 GEODST 
IB / 
7 8 18 1 6 3 1 1 7 10 1 1 2 2 1 2 2 1 6 1 0 0 1 0 5 8 

3D / 
0 .0 1Z.«82 42.6S2 57.482 77.912 98.659 113.899 / 

0 .0 12.2* 30.38 56.06 / 
2 3 58 / 
3 3 * 

50 / 
5991.008 63806.07 57658.88 106365.1 1*0865.9 128564.3 8859.286 
93762.25 85263.5 157288.4 208306.6 188200.5 12588.98 133235.6 
121159.0 223505.7 296002.6 261787.9 / 
0 .0 / 
0 .0 0.8692 28 0.0 0.8*92 28 / 
0.6692 / 
1 88 / 
7 68 3 3 * 8 6 8 1 3 8 2 5 8 / 

70 / 
( 1 1 2 38 3 38 8 38 5 38 6 38) 38 / 
(7 7 8 38 9 38 10 38 11 38 12 381 38 / 
(13 13 18 38 15 38 16 38 17 38 18 38} 88 / 

Of 801S8P 
10 / 

15 6 16 15 « 8 
2D / 

( •0 -16 • •88-23 • «CB-B * *BB-55 • •FE-B * M I - B • •BO-B • 
• T 8 - 1 6 I * • 0-235 * •0-238 • •PO-239* • M - 2 8 0 * »P0-261* •PO-262* 
•SSFP • I 28 / 

0 .0 158 / 
15.862 22.786 52.01 58.866 55.845 58.705 95.066 179.39 233.025 
236.006 236.999 237.990 238.978 2*0.1*5 161.0 / 
0 6 5 58 7 1 2 1 2 1 3 4 / 
( 1 * 0 3 f ) 38 7 0 38 / 
1 2 3 6 5 6 7 8 10 11 12 13 16 15 / 
( 1 2 3 * 5 6 7 8 9 10 I I 12 13 15) 28 / 
2 3 6 5 6 7 8 0 78 / 
1 2 3 6 5 6 7 • 0 9 10 I I 12 13 16 / 
( 1 2 3 6 5 6 7 8 9 10 11 12 13 0 16) 28 / 
0 1 2 3 6 5 6 7 0 7 8 / 

(COBT) 



•50-16 

30 / 
2*6983.6 223505.7 !*?»*«.9 157288.2 296002.6 208306.6 *98851.2 
•*59«8 .* / 
1 . 0 0 . 0 1.C 68 / 
5 5 4 7 6 . 4 2 «B / 
1 0 3 *B « « / 
2 *B / 
2 *B / 

0T ZBATD8 
ID / 
0 . 0 0 12 U 1 

2D / 
1 . 8 0 * 8 0 0 8 - 0 2 tt.2l«5ME-»J 2 . 9 * 5 9 0 0 8 - 0 3 *. 325500E-0* 1 .13*9008-02 
2 . 0 7 8 7 0 0 E - 0 J 5.1M»**»E-U* 5 . 2 6 1 9 9 9 8 - 0 5 7 .179096E-03 9 .9C0700E-0* 
2 . 8 9 6 1 9 9 E - 0 * 2 . 79* SOU E-OS 7 .217699E-06 5 . 2 2 3 9 9 8 8 - 0 * 
0 . 0 1*8 1.80*8GOE~02 / 
8 . 2 1 3 5 9 8 E - 0 3 2.**5*0JE-dJ « . 325500B-0* 1 .13*9008-02 2 .078700B-03 
5 . 186«98E-C* 5.261999S-05 2.12*7998-05 8.596398B-03 1.8*15008-0* 
6 . 197200E-06 9.999999E-1o «.5151C0B-0S 1.80«800£-02 8.218598B-03 
2.9*59001-03 *.J25S0i>E-0* 1. 13V900B-02 2.078700E-03 5. ICC498B-0* 
5.2619991-05 2.12*7998-05 8.5963988-03 1.8*1500E-0* 6.1972008-06 
9.999999E-16 *.515100E-05 1.8C48C0B-02 8.218598B-03 2.9*59008-03 
*.325500E-0* 1.13*9008-0* 2.0787008-03 5.186*9*E-0* 5.2t19998-05 
2.129799E-05 8.596J9»E-0i 1.8*15008-0* 6.1972008-06 9.9999998-16 
4.5151001-05 1.tfO*toOOE-02 g.2185588-03 2.9*5900E-03 *.325500E-0* 
1.13«900E-02 2.0787008-03 5.!86«98E-0« 5.2619998-05 2.12*7998-05 
8.5963S8E-03 1.«*1500£-0* b.1972COB-06 9.9999998-16 «.5151008-05 
••359998E-03 1.1*9*008-02 1.6880008-03 *.*28800B-02 8.1119988-03 
2.02*OOOE-03 9 . 999 999 E-lb / 

0 .0 78 *.3599588-03 1.1*96008-02 1.6880008-0 3 
«.*28800E-02 8.111998B-0J 2.02«000E-03 9.999999E-16 
0 . 0 78 1.80*8008-02 / 
8 . 2185981-03 2.9*5*002-0J *.3255008-0* 1.13*9008-02 2.078700E-03 
5 . 186*98E-0« 5.2619998-05 2.12*7998-05 8.5963988-03 1.8*15008-0* 
6.I97200E-06 9.*9999*2-lb ».5151008-05 1.80*800E-02 8.2185988-03 
2.9*5900E-03 V.325500E-0* 1.13*9008-02 2.0787008-03 5.186*988-0* 
5.26199*1-05 2.12*7998-0? 8.S963S8E-03 1.8*15008-0* 6.197200B-06 
9.999999E-16 ».5151d0B-05 1.80*8008-02 8.218598E-03 2.9*59006-03 
9.325500E-0* 1.13*9008-02 2.0787008-03 5.186*988-0* 5.261999B-05 
2.12*7991-05 8.59*3988-03 1.8«15C0E-0« 6.1972008-06 9.999999B-16 
•.515100E-05 1.«0«*lMS-02 8.218S98B-03 2.9*59008-03 4.325500E-0* 
1. 13*900E-02 2.07*7008-03 5.186*988-0* 5.2619998-05 2.12*7998-05 
8.596398E-03 1.8*15008-0* 6.197200B-06 9.999999B-16 *.5151008-05 

09 SE18CB 
10 / 

7 2 0 168 / 
2D / 
1.01 0.0 0.00005 3.001 0.0 68 / 

9 0 0 0 38 3 1 2 0 0 0 8 0 1 7 8 / 
50 / 

1 2 / 
•0-236 • »f0-2*0* *W-2i9» / 
0.0001 C.0C02 0.0003 

10 / 

(COBT) 



•50-1? 

6 2 0 ISP. / 
2D / 

1.01 O.C C.C0OV& 4.WU1 0 .0 6 t / 
5 0 7 6 3 1 b b 2 0 C 0 0 1 8 l / 

3D / 
1.0 1.0 1.0 1.-J O.u 0 .0 / 
0.0 0.0 0.5 / 
0.0 

ID / 
- 1 0 0 I S i / 

STOP 
U DIM POT 
/* 
/ / 

•UH 



• S O - I B 

TiBLB 9 S 0 - 2 . IBPUT POB SiBPLB P40BLE8S IB TIE SPBCIiL 
IBPOT PBOCESSOBS PQBBiT. 

//OIDITZZZ JOB fCH*B6. . .99.9000. .1 | .*ADBES,BABE COL 3B-b?*.CLiSSsT, 
/ / TTPBOB-RCLD, 
/ / RSGLEVEL~|1,D 
/•BODTE fBIBT LOCAL 
//STEP tXfC VERTBBEX. 
/ / B B 1 ~ 1 . B B 2 * t . B I « 3 S 2 O . B 4 * 1 5 3 6 0 , B I * 2 . B S * S O . R 1 * 1 0 0 , 
/ / a 2 * « . B 3 * 1 3 . B M t . R S * * . R f c * t O . B ? * 1 , B B * t . B 9 * 2 . B l 3 ~ 2 , R 1 1 s 3 , B 1 2 * S . B l 3 * 2 , 
/ / B l « * 1 . B 1 5 = 1 0 , 
/ / PiBa.f0BT**Br.,ECK.B0LI3T,ID.0PT*2,B0S00BCE«B0IBEP,!K)Bif t . 
/ / BECIOB.CCOIOk 
/ /POBt .SfSIB DO • 
/ • 
//LEED.BVDBIVEB 00 0BlI*23l« vtOLBBE*SEB«ZZ2222.DISP=SflB. 
/ / DSBABE~TBP.B0LA.VEaTUllfc.DBIrfEB 
//LKED.STSIB DO • 

INCLUDE BTDBIWEB 
/* 
/ / G O . 1 1 1 1 1 I I I 3D UaiT*231<*.VOL*SEB*ZX2222.DISP*SBB, 
/ / DSBABE*TBP.BCLD.fEBTUftB 
/ / G 0 . f T 9 9 f 0 0 1 DO • 

VEBTOBE SABELE FBOBLBB MOB - QSHG TBE SPECIAL III POT PBCCESSOBS. 
15000 

2 2 6 2 7 ^ 2 6 2 7 0 
DC II AC! 

3 
CITATICB BACBOS TC BICBOS. 
008 

1 0 
1 I 1.»77 0 . 0 

0 . 0 0 . 0 * 3 7 o o.o 
1 2 0.8*9t> 0 .C286* 

0 . 0 W.kl 0 . 0 * 2 9 5 
1 3 0 . J 3 « O 0 .1132 

C O 4 . 0 0 .0 
2 1 1 . 4 3 ! 0 .C13 

0 . 0 0 .0U6J O.O 
2 2 1.2 U 0 .C08 

C O o.o 0 .0025 
2 3 1.0 

0 . 0 4 . 0 0 .0 
3 1 1.367 C O 

0 . 0 0 . 0 4 4 l o 0 .0 
3 2 1 .02* C.0C29 

0 . 0 w.o 0 . 0 1 3 9 2 
3 3 0 . 6 * 0 4 0 . 0 0 7 1 6 

C O 4 . 6 0 .0 
0 

0 . 6 !>.« 0 . 0 
EBDIB POT 
DCBSPB 

1 1 1 

fCOBT) 

0 . 0 

0 .00755 

0.1008 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 8 

1 .0 

•13 

•12 



• 5 0 - 1 9 

ZORE 1 
Z09E 2 
ZORE 3 
EBDIBPOT 
OVERTB 
001 

0 . 0 

0 . 0 
1 .6 

1 1 
003 

6 3 3 t 
0 . 0 0 1 
0 . 0 

2 
0 0 * 

* . 1 7 0 7 * 6 3 
3 0 . 0 

1 0 

O.O 

B 

0 . 6 6 9 2 

1 . * 
s.u 

1 1 . 0 

6 
005 

1 1 1 
2 1 2 
1 1 1 
3 3 3 

012 
0 
1 3 1 
0 

013 
3 
3 

ZORE 
020 

1 1 
ZORE 1 I .C 

2 2 
ZORE 2 I .C 

3 3 
ZORE 3 I .C 

0 
EBDIRPOT 
DCRACB 

3 
CI TAT 10 R EftCFOS *C BlCMte. 
008 

« .17C7963 
• 10 .0 

IZOBE 2ZCRE 3 

1 
C O 

2 
C O 

I 
C O 

2 

1.5 
J . 0 U 3 J 

1.4 

1.7 
O.IM>>« 

8 
6 

0 . 0 0 1 2 

0.G0«7 

0 . 0 0 0 7 

0 . 0 0 6 3 

1.6 
2 5 . 0 

0 . 0 0 * 

0 . 0 6 3 

C .009* 

0.025 

5 . - ! • 

1 . 9 6 * 7 5 - 1 3 

5 . - 1 5 

6 . 2 5 - 1 6 

fCORT) 



•SO-20 

0.0 «*•» 
1 I . * 0.CCCS2 0 . 0 

C.C J.»MJ»7 
, 2 «>.«»» C - 0 0 6 °*° 
0 

» on POT 
DCESP• 

1 

Z0IE1 
Z0KE2 
Z0BE1 
DDHFOT 
OfEITE 
001 

0.0 <>.«» 

1 . 0 

0 . 0 

M.O 

0.09 

' ! . . ! . t 5 ? , . • i i i c 2 1 1 1 1 1 1 1 1 0 0 1 1 2 
003 

1 « 1 0 0 1 0 b 1 0 0 0 
0.01090«f 

00* 
• 0.0 2 «.t» i * . 0 
9 10.0 
S 15.0 

005 
1 1 1 

006 
2 
5 6 1 • 1 S 
3 
7 • 1 • 1 5 
0 

012 
0 
1 3 1 1 1.0 
0 

013 
3 
3 

ZOIE1 X0M2 S0IE3 
020 

1 1 
XO0E1 1.0 

2 2 

mm i.o 
3 3 

» I U 1.0 
0 

noiirot 



o 
T M U 4SO-3 (KUCTKO PRINTOUT FOR MMRLI MORLCHI 

• I M MUD t n i i M aaa - aaifia i»»ai reiteai 
* • • • • • • • • • • • • • • • • • • M I * tIRTORI * • • - U M U M t l l M I M M M M M M M M I H 

moa a • o i e o e c o o c i o o 
l O T i i i a i a 

**«ST*RB-UOOI ORMITIOR aot aioaima. 

••••••••••••••••••••••••nccosiioa aeaau aaaan i - aeoou D I M • u i i t m 
naasaa C M tiat • a. oil a iami - u i i u i CIOCR TXRR • i.s%o RIRUII I 

• • • • • • • • • • • • • • • • • • • • • « • ••ace as<u BO aoaan BBRBIR t - aeaaii aim • VIRCUCO • oo mum************************* 
aimaa cat T IBI • t.ota aiBitu - l i m i t cioco T I M • >«.««« RJRDTU 

••••••••••••••••••••••••ncciaiiaa aoaau BOBBIR i • aeaaii a m • U I M M T • 
•uaata eta m i • 1 .m aiaatu • atiant CIOCR U R I • ai.ai* RIROTII 

•••••••••••••••••••••••••tocaanaa aoaait aaaai* a • acann mm • naaiar* « oa m i i i i i « < " I M O M H M I 
aiarm caa Tiai • vaaa aiaaria • ai»aut CIMR ITBI • aa.ti* nooui 

•••••••••••••••••••••••••tcciiRiao neaan aaaatt i - aeaaii RIRI • TIKMCU • on miun»*»»»»»»»»««»»»»»»»»««»«« 
Raasaa e»a t i n • t.aaa aiaatn - B U I M - CIOCR W I • u. iai aiaem 

•••••••••••••••••••••••••tociaiiaa aoaaia aaaaiR a • RCROIR R»RI • IIRRRITK • oa mit i i i * ******************* 
outsat caa tiaa • >,aaa ataatn - tuasia CIOCR I I R I < la.oai RTIOTII 

—•—••>•»»—•••••aoawat aaa OR aoia taaiaaa RBB 

•••••••••••••••••••••••••kcciasiaa aoaata aaaai* a • aeaon RIRI • m a m a • OR imnn«»»»»«»»«»»*»»»»»»«»»»t»» 
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Section YGl: The Discrete-Enerpy Group Diffusion Equation 

Presented h-_re is the basic equation which accounts for tne various 
reac t ions of neutrons vi th iriaterial in a r-acroscopic s ens - , s . -a t t - r i - ; r 
and the diffusion approxir.ation t o neutron t r a n s p o r t . ...uite r ene ra l ly , 
an accounting of the neutrons in a syste-T- a t one loca t ion and a t on-_ 
^ntzrry nay be done in the fors 

— jrj- Sources — Losses — Net Transport Loss , (TCl-l) 

where v i s the neutron ve loc i ty , and 5 - i s the t i r .c r a t e of chanre of 
the neutron densi ty- V.Te are not concerned here with t h e dynardc probler., 
but r a the r with a s t eady-s t a t e condi t ion or s t a t i c approximation to tne 
neutron uens i ty . For a s teady-s ta te condit ion, i t i s necessary tha t the 
r a t e a t vhi_-h neutrons are added is equal to the r a t e a t which they are 
removed, l o c a l l y , and therefore over the whole system t r e a t e d . At a l ­
loca t ion there nay be rrenerati .n of neutrons through the f i s s i on process 
and o ther sources not re la ted t o neutron r eac t ions , in-scat ter i r . : ' t o any 
enerpy from other energies , removal by absorption or o u t s c a t t e r i n r , and 
t r anspo r t in and t ranspor t out . 

The neutron densi ty in an opera t in r reactoi i s at steady s t a t e on t:; 
avera-e due t o natural r e a c t i v i t y compensation and con t ro l . In a l a r r e 
f rac t ion of the neutronics problems solved, i t i s the in t en t t o approxi­
mate t h i s condi t ion. Any problem descr ib ing a reometry, nucli.ie concen­
t r a t i o n s and cross sec t ions , may represent a s i t ua t ion far frcr. a steady 
s t a t e . The neutron population would ac tua l l y r i s e or f a l l , and a s teady-
s t a t e so lu t ion only approximates the neutron d i s t r i b u t i o n . 

To t ' f e e t thi.- s t eady-s t a t e condit ion, the mul t ip l i ca t ion fac tor is 
introduced. The r a t e a t which source neutrons a re rrenerated from f iss ior . 
i.; divided by the mul t ip l i ca t ion fac to r causing the l o ? r a t e t o equal 
t h i s adjusted source r a t e , a pseudo s t eady-s ta te condit ion. The n u l t i p l i 
ca t ion fac tor ir. defined as 

. neutron fenerat ion ra te (fd-0) 
0 " neutron loss r a t e 



7CI-2 

A c r i t i c a l condition i s one a t steady s t a t e for which k e i s un i t y . The 
pseudo s t eady-s ta te equation with the diffusion approximation t o t r a n s ­
port for the neutron flux a t r eone t r i c loca t ion r and energy £ us in r usual 
macroscopic nuclear proper t ies i s expressed as 

" * D r , B V C r > E + ( l a , r , s * Z Z j r r E - D r > s ffXE) CT/E 

- / fc. v . ^ , + h-K. E ( ^ ) f ,. E ^ C r E , d E ' . (T01-3) 

The continuous enerry spertrur. i s divided into u i s c r e t e enerry ,-roups, 
and usually a s impl i f ica t ion i s made i n the t r anspor t t e r n , 

- Z ( Z s , r , n - - J ~ * r , r ( ^ ) f , r , n l - r . i * ('."C-l-U) 

.-."here 
d-" y dr 

V" • v.he Laplacian reop.etric opera tor , *rrr - 5-7- + 377=- in 
j l ab r-_-onctry, en"", 

-r r ' ^-^ neutron flux a t loca t ion r and in t-nerry rrroup r , 
r./s-c-crr , 

, _ - the nacroscopi.-- cross sec t ion for absorpt ion, normally 
weirhted over a represen ta t ive flux eiK-rry spec t rus , 

Z_ ^ - th-- r.a:roscopic cross a c t i o n for r, -a t t^r inr : of neutrons 
fror. -jner.-y /-roup ~ t o enerry ,-roup n a (a s e t of these 
mak'-j up a s ca t t e r inn k e r n e l ) , cr."1 , 

D r f ^ the diffusion coef f i c ien t , normally one-third of the 
rec iprocal of th-_- t ranspor t crosr. s ec t i n, en, 

B: ,_. - the buckl inr t e r a to account for the --ffect of the Lanla-
cian operator (leakage) in one o r noru or thoronal coordi­
nates t rea ted e x p l i c i t l y , cm"", 

a The 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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•JZr _ _ - the macroscopic production cross sect ion (v i s the number 
of neutrons produced by a f i s s ion and E* i s the cross s e c ­
t ion for f i s s i o n ) , ca~ x , 

X r p. = the distribution function for source neutrons {normally 
]P Xr „ - 1*0, but provision i s made for i t not ) , 
e 

k c = the e f fec t ive multiplication factor, the ratio of the rate 
of production of neutrons to the rat2 of loss of neutrons 
froa a l l causes, an unknown t o be deterr.ined. 

En. 701-^ i s called the usual neutron flux eigenvalue problen in tftis r e ­
port. There i s no provision in the above expression *"or f ixed, external 
sources. The l eve l of the neutron flux i s not defined by the equation 
above. I t can be whatever the investigator wants; however, there i s no 
account made of teoperature e f fects associated with changes in the power 
density on the nuclear properties, so the equation i s appropriate to the 
extent that the inacroscopic properties are representstiv-e. 

The multiplication factor i s an extrenely useful Erasure of the degree 
a calculated systen deviates from c r i t i c a l . The more posit ive the value 
of (fce — l ) , the faster the flux l eve l would increase; the nore negativ-i, 
the fas ter i t would decrease. The effectiveness of control rods i s 
d irect ly measured b> the decrease in k c associated with rod insert ion. 

The d i f f i cu l ty associated with detercininc c r i t i c a l conditions and 
associated hich cost of computation to support analysis effort have 
direct ly caused extensive application of th i s usual flux eigenvalue 
formulation in analysis of reactors. I t i s important t o recognize, how­
ever, that tne conditions estimated for a systen which i«r not c r i t i c a l 
only approximate the real s i tuat ion of reactor operation. 



K1-4 

A Simple ?\ Treatment 

A f i r s t order correction t o diffusion theory i s possible by application 
of the consistent P. equations. These are exanined here for the usual 
eigenvalue problem in the fore 

(701-s) 

Xi * 3n tJ = „ V J d 3 ' > 

where the equations are for a point in space and energy, the integrals run 
over the energy range of in teres t , J i s the current, $ i s the scalar f lux, 

£ s ° in the in-scattering cross sect ion, and Zg1 i s i t s f i r s t nocient. 
The -iiffusion theory approximation of the neutron current gives 

J - - DVv ; (7C1-6) 

-VWC + I t * - ^Xj\^ f Od£' + *I,°0dE' , (TC1-Y) 

In one-dimsnsion, J has only oi»e dirtccion component buc the integral over 
direction i s required in general. For Che one-dimensional case , 

D , j - i — , (7C1-3) 

or a cocaon approximation 

_ -w 1 
D ^ _. . 

l\^ * (1 - *0) V>} 

In a simple P. form, che equations may be cast as 

- ~ V ? C • I t * = ijfj'vEfOdE' - ; i s °0dE' - ^ - ^ V - J d E ' , (701-9) 

and the V'J term is given by 

V'J = ^jvZf^dE* + ^.OfldE' - Z t$ . (701-10) 

In milci-gro ip form the P; equations chosen for implementation, with 
in-group corrections, are 



TCi-; 

-D(r.,r) V?s(n,r) + Ir(n,r) *(n,r) - S(n,r) 

-D(n,r)£l s
l(«-n) V-j(n) 

mfa 

where 

S(n,r) = J x d i . r ^ v E f C a ^ c K r ) - £ Is°(a-R,r) :(m,r) , 

W(n,r) - 3(n,r) - Zr(n,r);(n,r) , 

D(n,r) 

It(n,r) - i l/Cn *n.r) I 

Ir(r.,r; • : t(t,r} - i.s*(n - a, r) , 

vbere the argucent r refers to space and n and m. to energy. 

We note that if the finite-difference equations are summed, the 
P. scattering term does not cancel out, so an overall neutron balance 
does not result. This nay 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 nappe- at other energies. 

If one examines the spherical harmonics equations for P truncation, 
there is one more first-order equation than coordinates treated; for 
example, four equations treat three space coordinates. As implemented, 
a simple equation for the net current is used along with a second order 
equation for the flux. There is a piece of information lost, even if only 
one coordinate is treated. That is, th;- in-group correction is the same 
regardless of the direction of the .let current at another energy. In 
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face, 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 representation of boundary conditions. 
The simple P. approximation is programmed to use only the usual diffusion 
theory boundary conditions. Ret leeted, periodic and rotational symmetry 
conditions require no special attention: the approximations are consistent 
vith the formulation for internal points. The extrapolated or non-rrturn 
boundary conaition may require special attention. The leakage of neutrons 
in this approximation is not simply related to the scalar flux derivative. 
As is usual in the application of diffusion theory, the representation of 
conditions 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. As is usual with the application 
of diffusion theory, external boundaries 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 lerjcage is probably not especially improved by the 
programmed equations; rather, careful attention to what will result from 
the formulation is may be necessary. 

We look forward to learning about the results of experience with 
application given sufficient detailed information to permit thorough 
assessment. Meanwhile, a superior treatment is sought to bridge the 
gap between diffusion theory and a more explicit representation of 
transport thi.ory which can be applied at a reasonable cost of computation. 

END OF SECTION 
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Section TCP: Finite Difference Representation 
of the Laelaclaa Operator 

The Laplacian operator i s to tv represented in a finite—difference 
for*. F irs t , the finite-diffarenca aash w i l l b« t n a i a i d . Th« aquations 
• i l l be developed for the three-dimensional s lab; for fever - ice ns ions, 
ih& extent in the untreated orthoronal directions i s considered to b* 
inf in i te and contributions froE these si=ply drop out of the equations -

Consider a traverse in space direction r. A region i s trar-trsed 
between r t and r- boundaries or aater ia l interfaces . Input data speci ­
f ics the nuriber o f aesh points to b* located between rT and r- and the 
^paciiuT &. * r~ — TX across the region. 

Vityarc ~X2~1 presents a thrca-diaensional sketch shoving the flux 
location at nesh point ( i , j , n ) and the surround inr s i x flux locat ions , 
nearest nei^hbors. The f inite-dif ference voluee about sesh point ( i , . ; , a ) 
is (xj — Xi_i) (y; ~ y j - l ) (255 ~ Si- l^ w n e r e ****** **"* locations of the 
surfaces of the f inite-difference e lesent . 

Jieutron leakage fron ( i , j , n ) to ( i , j , n - l ) , M ^ - i ) » through the front 
face of area (x£ — x i - i ) (y? ~yj_i) i s approximated as follows- Let >̂  
equal the unknown flux at the interface. Leakage out i s riven by approxi-
natinr the flux slope at the surface by the average within the eleaent 
(between the central point and the surface) , 

L ( r -m-l) = D i , j , m ^i , j , ra " *» J 
bj - y j - i^ < x i - x i - i > 

F^) 
where ^ . is the diffusion constant at (i,.i,m). Similarly for inward 
leakage from the adjacent finite element, 

" L(*r.-l) - D i , j , m - 1 Oi,.J,m-l " *i 3 
( y j " y j > l ) ( x i " x i - l } 

P±P±) 
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Fig. 702-1. The Seven-Point Finite Difference Kesh. 

i 
i 

t 1 
1 I 
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Kliainatirt- kx !"r.-= the creations r ives 

L < T : - I ) 
-JJ-1 -3. ^ - 1 T1-2J 

D i , - : ,= D 1 , J , = - 1 

'*!,.:,= - - I , j , n - 1 ~ • (7C2-D 

Sin-- th*.- t*rs vhieh r.-oitiplivs the flux dlff'-rcfv; 

.-onstant, II;. ."£-1 retiu-rvs to Use fort. 

L ( ^ . ! ) - C I , - ! ; 

sir.ply soce 

(7C2-2) 

It nay be noted that vithin a re.-ion hivinr uniform nu~lear properties 
and uniform cesh spa^inr, 

( y ; - y ; - i ) ( * i - ^ i - i ) D i , j , a 

C- ; _ _ i - — / ~\ - — , intornel, slab £eocetry. 

Provision i% incorporated for the diffusion constant D to depend on 
coordinate direction; value of D sinply depends on the particular 
coordinate treated and the assigned transport cross sect ion. 

Th». lt-aka-e fror: the -."hole eleaent i s {riven by 

L ( ^ ) * L ^ . i ) * L(xi) * L f x ^ J . L(; ,) + My;_;,.) -

-l,.I,r: - s l , j , = : , ^ l * - i , j , n , n - l ' c i , J , = , U l ^ Ci,j ,s . . , i -1 + C i j j j B f J A 1 

- c i , . ' , r . . > l - ~ C i y . ' ,^ ,r :» l : i y J , n : - l ~ C i , j , r . , n - 1 C i , . j , B - l 

• 

- " i f . ! , B i , I * l ^ 1 , . ! , = - C i „ < , r : , i - 1 - i - l „ i , E 

" : i , . i , a , j 4 : i , . M , n " C i , j , n , j - 1 ? i , . ! - l , .J * (7C2-3) 

'for a :-.CTO rradicnt boundary -ondltion, the associated Cj ^ n ^ . j constant 
Is set to ;cro. 

-"' /^MMMiMMipM ^^^^^^ ' -"- -~ 
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For an extrapolated boundary condition, external or intertiai black 
boundary, the flux slope within the f i n i t e - d i f f e r e n t eleneni. is extenJec. 
Ihe boundary condition to be sa t i s f i ed at the d e c e n t surface i s 

t ax I s = C s , ( 702-0 

-here J s is a specified constant.a 

Let 0i be the internal flux, 0 S be the boundary flux, and A be the 
distance to the boundary frap. the internal point. 

A linear approximation of the flux vithin the elecent .Tives 

~s 

or 

Representing the nomao. area by A , th-. boundary leakare fron one 
face of an element volvoe i s riven by 

A - • 

vhich -Ives the required constant for Z\. 7C2-3- Of rourse, the external 
ieakare i s -ronsidered los t fror. the sy- ten, but leak^re into an internal 
clack absorber i s accounted ?or z.z an absorption in the rerion. 

a 
A default value of 0.4692 is used for C . Suitable group-dependent 
values which wi l l reproduce the leakage condition Must coae fro» 
appropriate neutron transport calculations for a speci f ic s i tuat ion. 
An approximation which Bay be useful i s C jv 0.4692/(1 - ~ + ~). 

s 
There i s also a correction for a curved surface; aiultiply C by some­
thing l ike (R*.5)/(R*l.) for a black sphere to reduce it a»*R decreases. 
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Ar. alternative fc.r.ulatl-.n for the extrapolated boundary condition 
Is poss i l le . Consider S j . '*C2-k. Direct interration yields 

-C x/D 
: - • , (7C2-6) 

arid the leakarc cor.stant is riven by 

^ , n - ~ D i A ^ | b "= A

n

C s ' i e ^ / D i { ? C 2 - 7 ) 

Thi.̂  assw.es ar. exponential shape cf the flux between the internal point 
and the surface, rather than l inear . At the t ine th is is written, i t is 
intended to offer the choice between the two as a u.~er option, or adopt 
-he K-tter of the two if i t can be identified. 

Tht. repeatinr boundary conriitian causes flux values a t opposite ends 
of a row tc be courlei so that the row is a ciusc-d loop. For X* rota­
tional syrs-ctry, couplinr is fron the ri^ht-hand tare colusn to the bottoc. 
ear-- row. Sini lar iy, 120* rotational sysoctry is treated for the triangu­
la r rt-.sh problem. In a l l .-uch proble-s, the appropriate physical boundaries 
abut and the ad.'acent point flax values couple as across any internal ia -
t erf act . For lor* ratazisnal syrraetry, the ripht-hand edce eoluen couples 
with i tself inverted. 

?*or curvilinear •'eccetries, the surface areas of the finite-difference 
e-ler.ent frees rsust be used which lead to sonevhat ncre involved equations 
than above. The finite-difference elerxnt is i l lustrated in F i r . 7C2-2. 

Vor the special treatment of hcxaronal and tria-ronal finite-differer.ee 
elements, leakarcs across the individual voline elencnc faces arv fomu-
lated in th< :;ane nanner as ''or slab reoaetry- The three-di&ens'onal 
nrobleti in fccxaronal reojwriry involves ei.rht nearest neighbors, s ix oil 
the plane of the hcxarons. In t r ianrular ^eanetry there are five nearest 
neirhborc, tr.ree on the plane of the Irianrrle- The hcxafjonal formulation 
is a hirh-orde:-«pnroxu3stion to the si tuation (which ray allow a rela­
tively coarse nesh). The tr ianrular fomulatIon is of low-order and SOBC-

what less re l iable , especially sin^e the next rinr. of points beyond the 
nearest neirhbors arc relatively close but not considered. 

http://assw.es
http://finite-differer.ee
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The nesh-point layout for the various geoewtries treated i s indicated 
in the coapact display in Table 702-1. 

The special boundary conditions considered are shown in Firs "C2-3-
These are for two-dimensional problems or on planes of three-dixaensional 
problems. Kote that the coordinate axes in triangular reonetry arc at 
e i ther 12C* or 60*. Fig. 702-4 shows Che orientations for triangular 
gcowrtry in de ta i l , *nd Fig. 702-5 the layoat for hexagonal geoarcry. 

A f(» 2-e f)(z 2- Z , K y 

0WNL0WG 7 4 - 6 6 4 5 

{rz-r%)iZz-Z%) idfe-l-Hr/-/*) 

NOTE : 9 IS IN RADIANS; WHEN THE CIRCLE 
IS CLOSED, 9 SPANS 2ir RADIANS 

Figure 702-2. Cylindrical Finite-Difference Element 



it 

Table 7C2-1. Layout oi" Meshpoints. 

Syster, Slab Cylinder Cylinder Sphere Hexagonal Triagonal 

R«ferenee 
* * , * R . . R ., R X 

z 
x r . . 

Geaattry x-*-;; e-R<: R-/. R H - . : T-/, 

Specified region \ *v ^ *r *x *X 
dimensions 

** 

** 

^ *y ; i *x 

Specified internal 
mesh points 

Volume of region 

J x > I y » M z J r ^ z 

rvX.(r| -rf) •1 \ * V •r-j) Vyvf 
*Volu»e about eac;h mesh point « volume of region + number of Internal points; 

mesh ir>'nt lo-atlons are at finite-difference centvoids. 
On a plane the Y coordinate la rotated 60° from the X coordinate. 
On a plane, the Y coordinate la rotated 120° from the X coordinate 

in one option, 60 in another option, or 30. or 90 ns special caxea 
(shown in Figure /02-4). 
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Special boundary conditions are keyed to 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 BOUNDARY 

"x| X 1 
1 

o 1° 
SLAB 

CUKoy boundary 

CYLINDER 

Q 0 - A1ID I^O" ROTATIONAL SYMMETRY 

:0* AND 60° ROTATIONAL SYMMETRY 

Triangular. 120" Coordinate Triangular. 6o° Coordinates 

Fig. 702-3. Special Boundary Conditions. 



OANL-OWG ? « - t * j 4 

(J,»> ( J \ t ) 

SO* TRIANGULAR GEOMETRY* 
(REPEATING BOUNDARY CONDITION ON 

OPPOSITE FACES NOT A u . O * E D > 

1 2 . • > 
. (3 ,1 ) ( J - t . l l 

60* TRIANGULAR GEOMETRY 
(TMf ACTUAL POSITION 0^ THE 

HEXAGONAL ASSEMBLIES MAY BE CHANGED-
SHOWN IS ONE" P O I S I B I L I T Y ) 

-J 
O 
ts) 

I 

90* TRIANGULAR GEOMETRY' 120* TRIANGiJi.*»rr GEOMETRY 

R - ROTATIONAL SYMMETRY ABOUT THIS POINT ALLOWED 

"Not implemented in first release version. 
Fig. 702-A, Orientation for Triangular Geometry 
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ORNL-DWG 69-5587A 

LEAKAGE 
SURFACE 

tfP 

Figure 702-5. The Layout of Hexagonal Geometry. 
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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 aesh 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 Pj more realistic. 

Still the analyst wants to know how accurate are integral quantities 
(k) as well as estimates of local properties (power density). We believe 
that experience is the best guide here. It 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 (not 
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 aesh 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 Approxiaation error 

The solution obtained by application of a f inite-difference formula­
tion i s not precise; an error i s associated with the approxiaation. This 
error aay be larger than a casual user may antic ipate . I t i s aore serious 
regarding certain specif ic results than others, and has a dependence on 
the actual problem not readily predicted. 

Soae information i s available froa s iaple problems for which expl i c i t 
solutions are available. Consider the one-group bare homogeneous cube 
in three dimensions, half-length L. The precise and f ini te-di f ference 
solutions for the flux are separable in space, the precise solution being 
•J(x,y,z) * cos (^x/2L) cos (,ry/2L) cos (wz/2L) with ref lect ion at the 
start of each coordinate and zero flux at the extreme. Normalizing the 
flux such that i t s volume integral i s unity, 

Mx.y.z) - . v 2L cos ^ cos y± cos ^ « . 

The leakage rate at one surface i s , typical ly , 

y z • x*L 

and 

It 
v , f 

w 2 

E a + 3 D V 2 l 

containing the familiar buckling term, B - 3 (ir/2L) 2. 
The result for a f ini te-di f ferencs formulation depends on the lo­

cation of the mesh points. Generally, 

- - V I < 
" 7. + DB2 

a n 
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and 

ff! d, 
B 2 • 15 

n / / / • dx dy dx 

where the numerator i s a surface integral of the noraal der ivat ive . For 
the s i tuation here, as suae the saae representation along each coordinate, 

B2 - -*± . 
n / J dx 

Consider aesh centered points. Given N internal points along each 
coordinate space L/K. rhe end points located L/2N froa boundaries, the 
solution is 

• (n.j.i) - A cos . — (2n - 1)j cos • — <2j - 1) cos ^ (2i - 1)! 

The surface leakage at x * L i s est lasted by assuaing zero flux at x • L, 

-ft. •-£ -teW» 
s s 

X cos f— (2j - l ) j cos ' J j (21 - l ) j 

~-»••• 1*1,11, > III i iiMWiaajMiiiaalaa^ 
" • « ' « * • -
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The integrated flux i s obtained as the sum 

$ dx - A £ $ ( n , j , i ) i jjj i 
n 

A V M ^ C O S in ( 2 j ~ 1 } i °°s in ( 2 i " l ) l % c o s LJN < 2 n " 1 ) ! 

n»l 

» . i I I I c o s T s * n . T! 
A U C O S ! 4 M ( 2 j * X> I «"• I Sf C 2 a " " I . n » 

A ' L ) C O S L4N (2i - Dj eo.:Jj(2i - D i 
i 

A V 2 « i , l B ! x f e ) 

•8 / L > 
V2N.' 

Of 
I 

_ 2 , J / ' 2 N N , it M 
B N - 3 ^ - / s i n ! v 4 N / r 

Note that for large N, sin (*/4N) -* */4N, B* -* 3 (~ /2L) 2 , the precise 
resul t . 

The more general solution for a different number of mesh points 
along each coordinate follows d i rec t ly . 

Comparing the f inite-difference solution to the precise one, the ex­
pressions for the flux are identical except for normalization. This 
aspect l imits the generality of this assessment. 
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The error associated with any point flux value i s given by comparing 

normalized resu l t s . Normalizing to the same loss rate , absorption plus 

leakage, yields 

/ / / U a • W*l • ( » . / . * ) dx dy dz *. 

?lI.*»5.J.lJLBfJ*<B-»'1> • 
n.j . i 

and the right hand side is easily obtained by the product of averages 
ciong each coordinate. This leads to the relative error 

t(•.!.*) - t U.y.«> ,. if W J I ,ln,' j-),i, .J-?,!.." ;, 
+(x,y,z) \*> \4M' \4J \4I' 

2. e 
a 

1 + I T«,J,I 
- l 

"6 . 1 + r V 2 L ^ JLv«|,' *\*j) * V « J 
a 

Thus the error in a point flux value depends on the problem, and it depends 
on the mesh, each coordinate making an independent contribution. Except 
for a small nuaber 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 

a * B "» .J , I 

the error i s given by 

D ' 

N J 
5_ r i 2 . B 2 ^ 

- k I V e M.J.I I e a 
D 

k e 1*t^.J.l 
a 

K LV4» 4J 4 1 / J 
a 

a siailar variation to that obtained above. 

The Leakage Operator Error 

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

J(i) - <J(0) • a »it + £ i ! f i + Aii l i - • £ i ! i ; • . . . . 
3x! 0 2 ) x 2 ; f l 6 Jx 3

 0 2* »x 0 

a x 0 L »x 2

 0 6 a * 3

 0 24 ax* 0 

where A i s the mesh spacing. Susaing these gives the central difference 

approximation for the Laplace operator, 
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* 2 

i 2 12 ix" . 

Thus the error frost dropping the higher t e n s i s to the order of the 

aesh spacing squared, so the error i s expected to vary inversely as the 

square of the nuaber of aesh points. 

Application 

Consider that a calculation produced a result Vj with a aesh of 
K{, Jj, and Ij points. A second result V 2 is obtained with X ;. J 2. and 
Ii points. We expect that 

V, - V 
V2 " V -

*1 
*2 

where 

^ 2 ~ «2Vi 
<M * *2 

H2 J2 I 2 

n n n 

applicable to one, two or three dimensions (drop teras 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 nuaber of ae*h points along each coordinate. Given two solutions, 
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V W - V ( - ) . * »* 
V(M) - V(-) 1 

V(S) - \ j p * V(H) 
V(-) - '-*— 

•* M *. * 
1 - - ' 

where V(S) i s th* result with X mesh points . ¥ ( • ) i s the extrapolation 
to approximate the result for a continuum. Sote that S and M are the 
number of points along one coordinate, not the total points . The 
equations apply to one, two, or three dimensional problems. 

Changes made local ly or to l ess than a l l coordinates treated should 
not be expected to produce rel iable extrapolation and error assessment, 
not i s error assessment of a coarse mesh result re l iable . The r e l i a b i l i t y 

of such extrapolation in application to the general multi-group, compli­
cated geometry problem i s unknown. Extrapolation of integral quantities 
should be more re l iab le 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 rel iable assessment, i t i s 
recommended that a uniform increase in mesh points be made along a l l 
coordinate directions in each aone. 

An i l lus trat ion of application i s given here. Explicit solutions are 
known for bare homogeneous problems. The results from extrapolation of 
answers for successive meshes are shown below for - particular seven-group 
three-dimensional case: 
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Space Una 00 k(H) feY k (-) 

i i 2 i 4 0.7400319 - -
12 x 4 x S O.7200397 4 0.7240414 
24 i • I U 0.7250340 4 0.724034* 
4* x l a x 32 0.7242S47 4 0.7240343 
H I 3 2 I M 0.7240949 4 0.7240343 
1M i 41 x M 0.7240421 2.25 0.7240343 
• (coaciaaaa) 0.7240343 

Ot coarse the problem sowed ia analysis usanlly have feoaecric and 
coapositioa conplexi t ies , an integral quantity such as the au l t ip l i ca t ion 
factor aay be nonotoaic with increasing ansa only above soae ansa s i x e , 

and extrapolation of coarse results i s unreliable due to higher order 
error contamination. 

EXD OF SECTI0H 
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S**i*n •£-*-. Calrulation of HfcTraseupi-.- Zrosz 
3. -t->*=. r e a l i s a t i o n a»: Edits 

This .rod* i s designed ta "as* =1 -r>s-rae>i - uata for IrwiYldyal rsa?l*d*s 
to ttkr.«. Into >.-~-ount *h*ar*s in the -nncentratiorts i f the rsu?lii«s. It 
saj bv prv- t i -a l in sac* sltuati-ARs to use * pseudo non-dealetlii:- nuclide 
-or.-v:vir&tion i f relative -i*r.sit;/ and asso-iated Ts*cras?or-i~ zross ser-

t i j n r . 

"The b«sl~ equations used far calculation of sa^rss rapi? cross sec ­
tions are sfc3-«rn below. Fc;r svua-zont ?onc«ntratlor.s, the . . ffeetlve ;onc 
-3n~sntratl3R .>f each nuclide is taken as the s^b-zonr concentration 
tlr.t= t: e rat ia of the sub-xone voluae to the rone rolve*. I t i s assumed 
that nuclide densit ies are in atOBs/bern-aa and sisroscop.ic cross sections 
ir. barns in -alculatinr reaction rates, depletion, and determining satss 
"salaries. 

J^ns'dvr z&nc r3r<e vl thin which -.ach rrarliie has a vsnifom, sseared 
concentration X. The usual crass sections are calculated as follows with 

•rBv-x-js a-»bscrpt;?n, f - f iss lar. , tr-transport, s - scat tcr inr , and ,- and 
<-*nerry -ro .pj , . : - ^ K , and n-nuel i i s , 

•a Tr.= * i» 'n ,r . a a , n , r » n 

• E ••«,.: : \ n . 

where 

and 

4 , r ' r ' : " ? : V # t r , a f r ' 

A »!•»• n f r f ,n ,r » 

n,z n.z^x * j n,sz V̂  

-.** - c * .->-^«—«»>4,««w.fe«,ui.-^i r rW.t<MW.>aa.«M»M>rv. 
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where N i s the concentrat ion of nuc l ide n i n zone z , q i s the vol* n,z ^z 
fraction, N i s a sufczone ct 

n,sz 
and zone volumes respectively; 

fraction, N i s a sufczone concentration and V and V are the sub zone 
n,sz sz z 

For the diffusion-approximation calculations, each E~ a^,, i s se t to zero 
t o avoid slowing the rate of convergence of the i t era t ive process. 

The equations used to determine reaction rates are as follows. Hit-
reactor thermal power l e v e l , P, is determined by 

*-t z n | p Z ' I 

where X n is the nuclide thermal energy watt-sec per fission, Y n is per 
capture, C T is the specified fraction useful power, C- is the specified 
fraction of the core treated and the flux level is adjusted such that 
the calculated P is that value specified in watts. "R-.e values of t r ~ 
are sinply volume weighted over zones at each energy, 

" - ̂  , (701.-3) "e.z 
i€z_ 

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

Given the microscopic type of energy data, not rroup dependent, 

then 

P , § - E v z £ w * p > 2 • (70'*-',) 
' t r 
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x * That is, the normali^ati'jn of tne results of a calculation is to a desired 
tnersial power level based on the sue of contributions associated with f i s ­
sion ana capture. 

Edited result.- are based on the flux level requirea to satisfy tne 
desired power level . Point flax, and zone average flux values are d is­
cussed above. 

The local power density is p-iven by 

g 

where i is contained in z. For traverses, the naximun value of H^ is 
found and values alonr each of the coordinate directions edited. 

The local neutron density is riven by 

% = £ — - H „ , (7CW) 

where v z \s the group neutron velocity associated with point i. 
When an edit of the "Reference Fissile Conversion Ratio" is found, 

it is the ratio of the rate of capture fa,a) in the defined fertile 
nuclides divided by the rate of absorption in the defined fissile 
nuclides. 

END OF SECTION 

***•-**«-.* »«##«»*1WWf-T^&« 
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Section 70S: Types of Problems Solved 

The procedures implemented in the VENTURE code block are oriented 
at resolution of any of a wide variety of basic problea types. These 
are described in this section with the equations cast in matrix for*. 
We start with the usual neutron flux eigenvalue problem (see Eq. 701-2). 

The Usual Eigenvalue Problem 

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

A c = J-XF ; , ("c;-i) 

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

Eq. 70S-1 has the solution 

where A'1 is the inverse of A, A - iA • I, 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 an interative procedure is 
used which takes advantage of the sparceness of both A and F. 

Eq. 705-2 may also be expressed as 

(A"»XF - kg I) Z , (70',-3) 

xF could be a matrix, not separable. 
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Indicating that k is an eigenvalue of A~ lxF. Ue hope that any flux 
eigenvalue problem to be treated has a unique, awst positive eigenvalue 
in the set of all of then, k * kj > k 2 > ... . The requirements under 
which this is the situation have been studied/'* 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 >F). Further, 
the solution vector 0 is unique and each component > 0, but only if tj 

is all positive and the diagonal terns of A dominate along columns; 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 problem is expressed as 

A $ * XF * + S , (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. In 
reactor core analysis, fixed source problems have been used mostly to 
play computation games. However, there are special situations which re­
quire this formulation, 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 of a 
fixed source calculation is to determine the neutron flux level asso­
ciated with the source. 

r 

VG. Birkhoff and R. S. Varga, "Reactor Criticality and Monnegative 
Matrices," «/. Soa. Ind. App. l-kzth 6, p. 354 (1958). 

CR. Froehlich, "positivity 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 a sensible solution to Eq. 705-4 only 
if the related problea 

A C - }-X? Z 
V 

-e 

is subcritical, k < 1, when S • C. Otherwise, the flux level would 
keep increasing, even without the fixed source, and the usual procedures 
for resolving fixed source probleas generally fail. 

The Adjoint Flux Problem 

The adjoint flux eigenvalue problea is expressed as 

where the superscript t refers to the transpose of elements about the 
diagonal (interchange of rows and colusns). In diffusion-theory repre­
sentation, transposing A involves 
(1) no changes in the total removal (absorption + outscattering + DB 2) 

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, £(g~"n) to 

E(ir*g); inscattering no longer cancels removal if the equations are 
summed. 

Transposing y? causes the contribution to group g by the distribution 
function x(g) O I neutrons produced in fission in group n from the reaction 
due to cross section vL.(n), namely x(g)vl,(n), for the usual problem 

t t to be reversed for the adjoint problem, namely v£(g)x(n), or F x * If 
(xF) is separable. 
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The eigenvalue of the adjoint problem is the sane as that of the 
regular problem, k . Thus it is common practice to use the result from 
the regular problem in the process of solution of the adjoint problem 
when they are treated in succession. However, it sometimes is of more 
interest to solve the perturbed adjoint problem for more precise analysis 
of perturbations when a specific perturbation is of interest. In this 
case the perturbation changes k requiring that it be determined as an 

e 
unknown. 

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 

A V , FVC* + S*, (70:-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 k 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 3gain 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 terms 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 when a regular problem 
is run first and adjustments are made in nuclide concentrations or 
dimensions. 

An adjoint problem nay be solved in an access to the code block 
without first solving a regular problem. This problem may be an eigenvalue 
problem, or a fixed source problem for which there may or may not be a 
transposed fission source. 
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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 
ol problem to be solved has been named the criticality search; adjustments 
are to be made in certain parameters of the problem to establish a desired 
state of criticality. 

Establishing the positions of individual control rods represented 
discretely in a finite-difference mesh which satisfy the critical condition 
and minimize the peak power density Is one of the most difficult 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 -^-X?): B; , (TC--T) 

where k is the multiplication factor to be satisfied, a specified number 
e 

often unity, and B is the search operator. This problem is to be solved 
given a specified way in which the components of B are to be changed to 
effect the solution. 

There may be constraints on acceptable solutions; 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 which exceed physical limitations is 
usually not acceptable. 

Criticality Searches 

9 
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A unique solution to the general search problem is not assured. There 
are often two different mixtures of D 20 and H 20 which will satisfy critical 
conditions in a wide lattice thermal reactor. There are often three 
different concentrations of the same mixture cf plutonium isotopes which 
will satisfy critical conditions (mathematically) in a water-cooled 
core. The analyst 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 mathematical 
solution, try to determine those situations where 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 
relatively close to the desired solution. When it is .-o, many of the 
difficulties are avoided. Beware the results when large c:.3nges 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 extension 
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 secondary 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 

(A - J-X?) i - > (£- XT - ~.) i , (YC',-0 
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where »P is the neutron source operator generally associated vith search 
en fissile nuclide 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 such problems a procedure is 
available which 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, DB?V. The local value of the diffusion coeffi­
cient D is used, the local volume V, and the buckling B, 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 B̂  are adjusted proportionally (XB^) to effect a solution. 
As programed, X-l is determined during the iterative procedure. 

The Direct Reciprocal Velocity Search 

For this problem, P = 0, and only the diagonal elements of Q contain 
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 source 
has been added to the system. 

This calculation determines the prompt mode time constant. The dy­
namic neutron balance is considered in the form 

3>t - 7 5t = sources - losses , ( 7 0 9 ) 

where x is the neutron density and v is the neutron velocity. The 
asymptotic neutron flux mode is formulated by assuming that 
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-aCe"** 

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 _ 1. A suitable value of k 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
lation al effort than required to solve the corresponding usual eigenvalue 
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 certain nuclides are to be changed in the sys­
tem as necessary to satisfy a desired value of k . Given specifications 
for these concentration changes, a common multiplier is deaired such that 
at solution the actual change made in the concentration of nuclide n at 
location r is given by 
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where the argument (0) refers to the initial specification, and • is a 
common multiplier, an eigenvalue Co be determined. Consider the following 
which are effectively macroscopic properties: 

S * , ^ = ? A I l r i , r ( C ) aa,n » 

/7 

where sums are over the search nuclides. Given an iterate estimate of 
the neutron flux, an overall aeutron balance may be formulated as 

where P is the summed neucron production rate for Che svstem; A is Che c r t 
summed los? rate, absorpcion and buckling, for the system; L is the sur­
face leakage, and 

P -Vv Vl 
V being the region volume, and 0 is region average neutron flux in * r»K 
group g. 

2̂ Account for volume fractions, and for volume ratios in the case 
of subzone search, is not shown. 
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Solving the above equation for the unknown eigenvalue gives 

x = . (705-11) 
A — — P 

Thus from an overall neutron balance, an estimate is made of the eigen­
value of the nuclide concentration search problem. With this estimate, 
the usual iterative procedure may be applied; account is taken of the con­
tributions from the search nuclides using the macroscopic 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 cycle, 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 been solved 
is by solution of a series of usual eigenvalue problems with estimates of 
the required changes to the search nuclide concentrations introduced after 
each eigenvalue problem. First the usual eigenvalue problem is solved 
(for k ) for the conditions presented, A change is made in the nuclide 

e 
concentrations 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 
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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 information 
he needs for practical use of the code and to choose between the programmed 
options available, for experimentation or selective application. 

Tits procedures of calculation must be considered rather complicated 
when viewed by the analyst wanting results and not much concerned about 
how they are obtained. In solving large problems, computation cost is 
«n important consideration; there is incentive to reduce the cost by 
applying an effective : rocedure. 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, 
A. 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 ordered sweep through the space mesh at one 
energy. This is expressed in matrix form as 

a * M $ . + s , t ,n t-l,n n 

a set of coupled linear equations where 4 represents the point flux 
c ,n 

values for inner iteration t, outer iteration n, M is the operator 
(coupling terms) and S represents the point source terms. Latest point 
values of the fluxes are used as they become available and new values 
arc 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, N above is appreciably 
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altered froa just a siaple coupling operator; it Bay depend on n and t. 
The nuaber of inner iterations carried out on one space problea each 
outer iteration is a key variable. 

Outer iteration on an eigenvalue problea aay be viewed as solving 
the matrix equation 

•« * ( E + ITT X F > Vl • n-1 

a set of coupled equations where 4 represents the point flux values 
for outer iteration n, E is a space, energy coupling operator, F contains 
the terms for neutron production fro.* fission and X is the into-group 
distribution function, and k , is the estimate of the aultiplification 

n-1 r 

factor. It is noted that inner iteration causes E to have a coaplicated 
fora. 

Each outer iteration there is full sweep yielding latest estiaates 
of the point flux values $ , and .t new estimate of the eigenvalue of the 

n 
problea, k , is obtained. The calculation starts with the first or 
highest energy group for usual probleas and proceeds downward, following 
the primary direction of neutron scattering. For adjoint probleas, the 
sweep is reversed. 

The saae steps are carried out vithin each outer iteration. This 
is necessary to permit effective acceleration 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 twr previous outer iterations. The objective is to beat drwn the 
contributions from all the error vectors having eigenvalues over a 
specific range. Practical considerations include selection of the stage 
of the calculation to initiate the process, identifying the eigenvalue 
soectrum range, idsntifying when the procedure is not effective and 
when it can be expected to not be effective. 

Asymptotic single-error-mode exttapolation 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 which uses three succeeding 
iterate sets of the flux values. Practical considerations include 
identifying when the iterative behavior indicates extrapolation will be 
-affective and estimating suitable extrapolation factors. Extrapolation 
may 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 Che flux changes 
is used 0.1 outer iterations. 

Remarks on Optimum Strategy 

If the optimum number of inner iterations is very fev, 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-forward 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 number oc 
inner iterations should be the optimum. Furthermore, an initial commit­
ment to set data handling procedures makes it very difficult to shift 
thr strategy during the calculation as information becomes available 
about the iterative behavior. 

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

The procedures implemented admit selection between a number of 
alternatives. A strategy is selected which depends on the particular 
problem to be solved and this strategy undergoes modest changes as 
information about tihe iterative behavior becomes available. The auto­
matic selection of n 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 optima in any given situation for a 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 control is 
available and exercising this control is desirable. However, a note 
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 associated penalty must be considered in applying 
the procedures or attempting to modify them. 

Before discus5ing 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 

A* - £- XF? • (716-1) 

e 

With special partitioning of the matrix A, 

[D - J - L - UJ • • IS • T • £- xFl • , (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 
dete-mined simultaneously precisely given the current values 
of the other fluxes, 

L • the lower triangular matrix containing coupling terms in space, 
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U * Che upper triangular aatrix containing coupling Ceras in space 
(excluding any appearing in J). 

S « che downscaccering source aacrix (group-co-group scattering 
Ceras at a point, 

T * Che upscaccering source aacrix (group-Co-group scattering 
terms at a point, 

F - che fission source coaponenc (froa all groups at a space point 
contributing Co che cot^l ac that pjinc, a row aacrix operator), 

X * the source distribution (froa che total to all groups ac a point, 
a coiuan aacrix operator), and 

k • the unknown multiplication factor, a constant for any problea 
to be determined. 

To illustrate how an iceracive procedure is formulated, let us put 
the tera D« on one side of che equation, Eq. (716-2), and Che reaaining 
on che other, giving 

D» « [J • L -; U + S • T + — XF] *. 
e 

If a sec of fluxes is available for iterate n, naaely $ , Chen a 
siaple iceracive scheae is expressed as 

*., « D" 1 |J • L + U + S • T + ~- XF1 * , (716-3) 11+1 k n n 

where Che inverse D _ 1 is of a diagonal, che reciprocals of ceras in D. 
An esciaace of k is required, k , and a concinuing iceracive process 
aay proceed. The above with all positive entries and $ > 0 produces 
•_,. > 0; only with * > 0 can a unique and aost posicive value of k be 
assured. Eq. (716-3) does not even adait che use of newly calculated 
• values, so it represents a racher crude procedure. 

With downward sweep in energy and siaple sweeps carrying the siaul-
caneous solucion for rows across che space problea, use of newly calcu­
lated fluxes causes thea to contribute through the aatrices J, L, and S, 
or 
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(D - J - L - SJ * n + 1 - IU + T + ~- XT] * n ; 
n 

Vl " '° " J * L " S]~l lV + T + r ** *« • (716-4) 
n 

The inverse shown would generally be iapractical to obtain. It is not 
needed, however, but rather is a consequence of the process and the part­
itioning of the coupling teres. 

Overrelaxation is used as discussed later in detail. The basic 
equation is 

X, - X. , + ~(X* - X. , ) , . (716-5) 
i,n i,n-l i,n i,n-l 

* where X. , is a component of i , obtained from iteration n-1, X. 
i,n-l ^ n-1 * i ,n 

is the newly calculated value for iterative sweep n, £ is the over-
relaxation factor, and X. is the overrelaxed value used thereafter 

x,n 
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 
•ay be used for the space problem at each energy. Also, the value of 
3 used may be iteration dependent. This flexibility is shown in the 
equations by representing the overrelaxation process with a matrix B 
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 
* n + 1 - | D - B n U + L • Sjl"1 <(I - Bn)D - Bn(L + T + jp- XFj! * n . (716-6) 

Inner iteration may be done. 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 problem at each energy. Considering a fixed 
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number of inner i terat ions , Eq. (716-6) becomes 

w { l V . f •[£•;] ». I* • ̂  xrij:. . (716-7) 

where 

R n » { D - En [J + L • S]}" 1 

V « U - B J D • l l i , n n n 

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 B 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 eigen­
value of the search problem. Acceleration 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-difference neutron balance equations for the 
volume elements. Substitution of Che 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. 

a i X i , t " S i . t + b i X i - l , t + b i + l V l . t ' "16-8) 

V.,ere i refers to a mesh point along a row, t refers to inner iteration, 
S. is the summed fission and scattering source plus the contributions 
from nearest neighbor points on adjacent rows, a, is the loss constant, 
and b. is the coupling coefficient between nearest neighbors along the 
row. 
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Line relaxation involves a forward, backv»?rd sweep to solve Che 

tri-diagonal matrix yielding new flux values simultaneously for a l l the 

points along the row. To sat i s fy the recursion for the backward sweep 

X i , t - g i { X i + l , t + b 7 + 1 } • < 7 , h " 9 > 
requires a forward sweep 

f. - « • «. . t f i " S i , t + * i - l ' i - l ' 

and a previously done forward sweep. 

8, 

with the amount of division minimized. 
An alternative procedure is attractive to reduce the amount of 

computation during iteration. To solve the system of equations 

A* * S 

a new set of operators is desired such that 

CVTVC4 - S . 

The elements of chese operators are obtained as follows. Let a. be the 
diagonal terms of A and b, the off-diagonal terms, coupling point i with 
i-1. Then, an initial calculation is done giving 

f - a * 1 a l 

'••[•.-fcj]' 1 < i < I 
Yi-i/ J 

b i + i 
x , elements of V, 1 < i < I - 1 1 V i + i 

c. • j - , elements of C . 
i 

a Cuthill, E. H. and Varga, R. S., "A Method of Normalized Block Iteration," 
J Assoc. Comput. Kach., 6, (1959). 
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The forward-backward sweep equations solved during iteration are: 

x. « c.s. 1 i t 

>'l ' «1 

(716-10) i i 'i-l'i-1 

2 * V 
T * V - V Z 
zi yi i i+1 

C.Z. 1 1 

It say be noted that the new values C. and V. must be aade available, 
but that the crigiual eleaents a. and b. and intermediate values f. are 

i i i 

not later required. This scheme is not applicable when the direct 

criticaiity 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 
cwc 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 overretaxation 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 a term must be added to Eq. (716*9), 

^ r "llT1 * *,*• r + h , *r , i J (716-11) 
' \ i+l *•*»' * *tt-l »jy . 

where I refers to one of the flux values. The unknowns are obtained from 
this recursion relationship. 

The calculations are done in such a wav that a zero value of X, 
i.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 
iterative process. We seek ways of resolving more points or different 
blocks of points whirh vill accelerate problems. 
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A special s i tuat ion i s presented by rotational symmetry boundary 

conditions: a point on one row couples with a point on aaother row. 

The newest i terate value of the flux i s used in this coupling, but half 

of the time th is i s a previous i teration vaiue. Thus, the rate of con­

vergence might be expected to be slower than without th is coupling. 

Sweep Order 

By "normal ordering" is meant that new flux values are obtained at 
each point each inner iteration by a sweep across the space mesh at one 
energy. This sweep starts on the first plane at the first row. then the 
next row on the plane is done, and so on across the plane, thtn the first 
row on the second plaie, and so or. across the planes. With ! inner 
iterations, the flux at each point is calculated J tides with I successive 
sweeps. 

With * ordering, new values are first obtained for alternate points 
or along alternate rows, then for the others. Consider the two-dinensional 
problem with simultaneous solution for point values along each rev. Looking 
at the ends of the rows. 

. x . x . x . x . x 
the odd ones shown as a dor would be treated first (in any order) and 
then those shown as an x would be treated. Spacial coupling by the 
finite-difference equations relates only nearest neighbors, so 'he*-*? 
are no direct couplings between any . rows or between x rows. The neutron 
leakage contribution (space coupling) is calculated from the nearest x 
values when a . point is treated; therefore, this leakage contribution 
is obtained from the same iterate nearest r?ighbors. (With normal 
ordering, the adjacent points have values one iteration apart for the 
sweep row.) 

In three dimensions, we lock again at the ends of the row.- and find 

Again with coupling only between nearest neighbors, the . points do not 
couple and are swept first in any order, thrn the x points. This ordering 
applies to all coordinate systems treated. 
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The '. order of sweeping the aesh imposes rather severe data handling 
requirements, especially for large problems treated in an sau.ll computer 

>ry. Therefore, application is quite ^elective. 

inner iteration and Overrelaxation 

Overretaxation is a simple but powerful scheme for accelerating tue 
rate oi 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 behavior 
oi the fixed source problem involving the simple coupled finite difference 
equations, the space prohlec at .me energy, is well known; the following 
diMUSsion Cs directed at this inner iteration process. 

Consider calculation of new vaiues of the f'uxes each inner iteration 
using i«nlv the old values. If we examine the eigenvalues of the iteration 
satr'x, there is the same number oi them as points or flux values to be 
determined, all less than tziity. These contribute to the error in the 
sense oi the difference between the answer and the current estisate of 
the flux at -jm h point for iteration t. 

Thus, there is a contribution to the error from each error vector having 
an associated eigenvalue <.. which depends on the value of A and the 

J * 0 
iteration number. The values of c. depend only on the equation constants, 
not on the source values. The values of A depend on the initial state 

* »J 
of the problem, both the fixed source values and the initial flux values. 
Since . • 0 as t •',;.•• 1.0, each contribution to the error dies 

J J 
away; the smaller the value of . , the more rapid its contribution decays. 

Asymptotically as t * ~. the contribution from the largest c. dominates. 
Eliminating the constant A. . from th*. recursion equations yields infor-

• »J 
mat ion about the asymptotic behavior. 

http://sau.ll
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X i . - - V t 
1 , - l » t - l 

m P X 

X. 
l . t 

X. . 
l , t - l 

X. 
l F t - l 

" X i . t - 2 

X. - X. 
I , - l , t X 

, 

X i , t " X i , t - 1 
X 

1 .0 - ^ 

That is, asymptotically, the absolute error is reduced by ,. each iteration 
as is the iterate change. However, the ratio ot the absolute error to the 
iterate change depends on the reciprocal of 1.0 - :. 

Quite generally the sore unknowns in a give., problem (the more space 
points used), the larger the value oT ., the slower the rate of convergence, 
and the larger the ratio of th.i absolute error to the iterate change. 

Use of the latest values as they become available in a consistently 
ordered process accelerates the rate ot convergence. The effect is 
squaring the eigenvalues giving the asymptotic behavior 

X . 
1 . " 

-
I 

- *" 

V - X - r ~ d. 

X - Y 1 0 - LJ 

*i,t i,t-l 1 U * 

Note that for c * 0.9, ~2 » 0.81, a significant improvement. The ratio 
of absolute error to iterative change decreases from 9 to 4,3, of primary 
concern 'iere is not this situation, but rather that where r approaches unicy, 
having a value of 0.99 or even larger. 

For certain problems, the value of p is larger than usual; one of 
these is the situation involving rotational symmetry for which old values 
of the fluxes alcng the coupled boundary are used since new ones are not 
yet available. 

With overrelaxation, the iterate flux estimates are driven in :he 
direction of the calculated change by the equation 

x i , t - x i , t * + V x i , t * - x i , t - i > ( 7 , 6 " 1 3 ) 
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Here X. i s the newly calculated value and _ i s the overretaxation 
%> l«t t 

c o e f f i c i e n t . For the f ixed source problem, there i s an optimum value 

of ~ , g iven by 

"opt 
2 , 0 • (716-U) 

1.0 • V 1 - 0 ' 

The eigenv .es of the "verrelaxation process occur in pairs. Shown in 
Fig. (716-1) is the dependence of the dominating eigenvalues of the over-
relaxation process on the value of : , 1 < : < 2, for the situation 
where c: is 0.99. Considering only this fixed source problem (not the 
overall eigenvalue problem), the objective is to effect the minimum 
dominating eigenvalue of the process. This occurs when the optimum value 
of ~ Is used. For ~ < C . the pair of eigenvalues are real, one 
relatively large, the other small. For .- - .- , the pair of eigenvalues 
are complex conjugate. The error vectors associated with these eigenvalues 
are not independent, but have a rather complicated dependence on the 
iteration number. 

The importance of the use of an overtaxation coefficient near the 
optimum is evident from Fig. 716-1. Indeed, it is preferable that the 
value used be too large rather than too small because the convergence 
property is not degraded as much. It should be noted that asymptotically, 
the absolute error reduction 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 to 
do overrelaxation returns a large dividend justifying its use, and a 
reasonable amount of calculation can be justified to determine near 
optimum requireeents. However, a convergent process is indicated for 
1 < ft < 2. 

New values can be obtained of the fluxes for a block of points 
simultaneously. Thus, when line relaxation is done as discussed previously. 

aS. P. Franfcel, Convergence Rates of Iterative Treatment* of Partial 
Differential Equations, Math. Tables Other Aid Comp. 4 (1950). 
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thas* values arc overrelaxed siaultaaeeuely. 
It is »f interest to teaparo asyaptotic rates af convergence for a 

reference problem. Far the two-diaaasienal square nosh with even aesh 
point spacint. beontgeneous, anal no sink term, tha Myostatic rates of 

for various aches** ara shown below as dependant on tha 
af nssh poiata an ana aide. 

V 
Asynptotic Into of Ceavc rj**n%C# 

Haah Points V Una Old 
Vslnaa 

Uso now 
Values 

Point 
Overrelax 

Lino 
Ovarralax' 

10 
SO 
100 

1.540 
1.M4 
1.940 

0.041 
0.0019 
0.00040 

0.001 
0.0030 
0.00097 

O.St 
0.12 
0.042 

0.02 
0.17 
0.0M 

During tha oarly iterative progross ef a problem, large changas in 
tha flux value* ara aasaciatad with initial arror vectors which nay causa 
Ef. (714-13) ta produce unacceptable negative values. We rastrain tha 
process by restricting the result in a aannor which danpena out axcassiva 
driving, requiring 

0 5 * i / * *l.t < X i , t % Xi.t-1 ; < 7 1*-»> 

X ia tha newly calculated value and X. ia tha restrained everrelsxed »»t *»t 
value. Tha nature of restrained overrelaxation is shown in Fig. (714-2). 
When the itarativa prograaa reaches a stage where tha calculated changes 
ara snail, no restraint is required. Therefore, tha rastraint applies 
only during tha aarly history whan bad initial arror vectore dominate 
(|c | > 0.01, sea later discusaion). n 

For thosn apacial situations where negative flux values ara accept­
able and expected, tha application of Eq. (716-15) oust be prevented by 
user option. Further, if a change in sign occurs with tha new estimate, 
Eq. (714-13) causes extras* driving, so the newly calculated value ia 
.teed rather than the ovcrrelaxed value. 

The overrelaxation factora nay be adjusted by applying the recursion 
relationahipa involving tha Chebyshev polynoninals. This procedure causes 
large values of the ova(relaxation coefficient tc be uacd in the aarly 
*Thia achaae ia tha only one implemented^ the number* of sash point* along 
each coordinate ara for a full slab, divide by two for half slat*. 



714-1* 

SO 

* 0 

»0 

\ 1 / M 

y y «b 

/ 

K • o» *^X" 

^NCSTrnwEO ov EMWUWATION 

to tJO 10 40 

f ig. 714-2. i—mi—< Ov*mlaMtl««. 



r-f^HR r-fcaw* 

714-17 

history, the valve decreasing each outer iteration approaching an 
asynptotic valve. Ike objective of this procedure i s to drive one 
error vectors. Experience has shown that hard driving during the early 
history, in an orderly way, censes the estinete of the problem eigen­
value (the Multiplication factor) to aove aost rapidly toward the answer. 

The procedure consists of applying the following equations for the 
space problem at energy group g, 

fl.O, t » 1 

•— . t • 2 
(716-16) • t <8) 2.0 - o 2 (g) 

4.0 
*-0 - p 2 (g) • t . l U > 

t > 2 

lb Eq. (714-16),t refers to inner iteration with nomal sweeps. With 
o. ordering, t refers to each sweep on alternate points, so S (g) is 
adjusted midway through the inner iteration process; this is the so-called 
cyclic Chebyshev procedure. 

Experience has shown little advantage, if any, of adjusting the coef­
ficients during inner iteration except with o 1 ordered sweeps, and then 
only when a relatively large number of inner iterations are done. 

A two-diaensional fixed source, homogeneous, no sink, uniform mesh 
problem was solved by line overrelaxation with optimum coefficients, and 
the reduction in the absolute error was determined from the known analytical 
solution. The number of iterations required to reduce the absolute error 
the same amount in each case is shown below. 

Scheme / Mesh Size (Points) 
Iterations Required 

Scheme / Mesh Size (Points) 
40x40 40x80 80x40 80x80 

Normal Ordering 60 86 73 122 
Normal Ordering, Chebyshev 55 87 72 120 
<J. Ordering 47 60 60 98 
a. Ordering, Chebyshev 41 52 53 81 

Hageman, L. A., "The Estimation of Acceleration Parameters for the 
Chebyshev Poiynominal and the Successive Overrelaxation Iteration Methods," 
USAEC Report (SAPL) WARD TM-1038, June 1972. 
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Tho advantage Irani cha o, ordering is claarly deaonstrated; it 
cbt largest gaia f o i C B * raccangnlar aesh wich line relaxation along the 
•here rows. When C M upplicacioa of Chebyshev polynea&nals wa 
a cycla. ic was found tnat tha opciajaa was a noay icaracion cycle; 
of a snort cycla show*a1 ao advancage over not applyiag chase factors. 
Than, only whan enough innar icaracion* arn sona for cha overrelaxatioa 
coaffieianc to ranch Cha asyaotocic value, can advantage ha expected in 
applying the Chebyshev polynosduais during cha inner icaracion process. 

When few innar iferocious are dona, aajustnants are nana on oncer 
iteration n, 

1.0, c • 1, n • 1 
2.0 

8 t . » ( t ) 

- , t > 1, n • 1 
2.0 - p*(g) 

4.0 (71*-17) 

*.0 - p*(«>.aT ^ ( g ) 

Where T refers to cha nvaber of inner iterations. That is, the values 
are basically adjusted on outer iteration. Application of the procedure 
is done only during Che early iterations, and is discontinued after any 
procedure for acceleration of Che outer iteration process is initiated. 
Also, ovarrelaxation is not done Che firsc inner iteration following 
asynptotic acceleration in this node of calculation. 

When ft > 0 . the iterative behavior has a narked difference than opt 
**•"» 6 < 6 A direct unasure of the behavior is obtained from the 

1 o p t xi c iterate values of Che unxiauBi relative flux change. Let a. « - * i,c X t f t - i 
where X i s the flux value aC locacion i afcar overrelaxaCion i s 
done at iteration r, and 

rc * " x U i , t ) ' 

•c * • l n ( a i , c ) ' 
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over the space problea of iatarost. The aaxiaaa relative flam cl 
is deteraiaed froa this inforaetioa vith the sign retained to indicate 
if the flux at that location is cising (positive) or falling (negative). 

c t - |a*.| (rK - 1.0, mt - 1.0). (7)o-lt) 

, e r » |asx| -^J ^ ^ , rataiaiag the negative sign if the 
c *i,t-l 

iterate value is descending. Quite generally, the process is inaad to 
he convergent only if |cj ' l ^ l - »*•» * t > i,^. *»*« criterion say 
be satisfied for one or even several iterations, hat will eventually be 
violated. 

A special condition exists when the changes in the flea, valves are 
so saall that they lose significance. In this sitaatioa, arbitrarily if 
|c | < 10~ 1 0, the maker of inner iterations is adjusted to 

!*,<•> -
* 0 • I (g) 

n + l w 2.0 

reducing it, bwt not to less than 4. In the aultirow or aultiplane nodes 
of data handling, the nonber of inner iterations aay be a aultiple of the 
rows or planes stored; in this case, the neaber of inner iterations is 
arbitrarily reduced when [c { < 10~ l c by the noaber of rows or planes 
stored, down to a ainiaua of the nunber of planes stored. Upon such 
redaction, the inner iteration process is judged to be convergent for 
purposes of analyzing behavior. 

Estimtcs are aade of the doainating eigenvalue of thr process froa 
the aaxiaua and nininua flux ratios. We assuae that asyaptotically. 

X - X 
x - =-l*i !**=*- (7ie-i9) 

1 *i,t-l " i,t-2 

Given 



716-20 

The estimate of X is 

t * t,l t,2 (716-20) 

which is essentially the average of the two values when they arc not greatly 
different. In the event that all flux values are falling, both r and S 
will have values loss than unity, or if they are all rising, they wil? 
both be greater than unity. A change from this condition (or to it) causes 
the value of r or s to awing about unity resulting in a negative value 
for the estiaate of X. We assune that the iterate estiaates are noving 
toward a solution, k > 0, and arbitrarily sot 

( Xt.l' At,2> 

if either is negative. 
The inner iteration process is deened convergent and not over-accelerated 

if |c_| < |e .{ < l t
T_ 2i» where T refers to the last iteration done each 

outer Iteration. If convergent, an asyaptotic behavior is deened to have 
established if 

X_ < 1.0 , and T,n 

1.0 - X 
o.t: < -r-z—. T » " < 1.05 1.0 - X T,n-1 

where the subscript T refers to the last inner iteration for that outer 
iteration. In this evrnt, a now estimate is node of the spectral radius, 

»„2<«> • i 1.0 T,n 
o. (io - xA (716-21) 

The overrelaxation coefficient is recalculated with gq. (716-4), but only 
if the asyaptotic single error node extrapolation criteria discussed later 

*D. N. Young, "Iterative Htthoda for Solving Partial Difference Equations 
of Elliptic Type," Harvard University Dissertation (1950). 



- -~«-«-».t,-: .> '..;-̂  -•*>* ^jvi - .-->̂ »*̂ *www«̂ «*f»̂ »i«e!̂ ŵ i 
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are satisfied, indicating that aa asyantotic behavior of the oatar iteration 
has established, a 

ia constrained to 
established, am* only if I <g> - 1.0 * *• ... *aa tha adjusted val« 

fi <e> 4 - * » T a ( t > 

If that inner itaratiaa process i s dtiawd to 
overreUsatlea coafficicat ia arbitrarily 

^T. - l^ * — [^.n^ " ° - 0 5 ' ^-J <"*-"> 

8'g) is changes', the associated value of p(g) is recalculated te 
then consistent. If any g(g) is decreased, this coefficient is 

•emitted to he increased later, leduction in 6(g) is allowed ne 
frequently than every other enter iteration, hat when ia nee. the 
of applying Chsbyshev polyaoaduals is contianed. 

When the nanher of inner iterations dene at any arena ia leaa than 4. 
the criteria for inner iteration conwreeace are net applied. Bather the 
behavior of the ovter iteration process ia eaaalned, and inforaatioa fmn 
it is need ia Eq. (71n-21) as disceaeed later. 

He note that the oetinun overrelaxatioa coefficient for * one grown 
fixed source arables) any not be the oatiaea far the anltigrona eigenvalue 
problea; experience shows that the latter is often sunller. 

Qatar Iteratioa Strategy 

•ere we disease aeeessanat of the behavior of the oncer iteratioa 
process and delays iaaoacd an adjnatJag the naraaeters of tha Individual 
procedures. When the fins values for successive iterations are available 
at the saae tiaa (as when the Chsbyshsv process is applied), behavior of 
tha outer iteratioa process is assessed directly. 

I i/s. Let a 

where X. is one of the flus values (canjaonent of # >, and l.n a 
*•" Ii^-i 
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r » max (a. ) 
* l , n (716-24) 
s * Bin (a. ). n i.n 

t - iaaxi (r - 1.0. s - 1.0) . (716-25) 
n n n 

The orocess is earned to be convergent only if •; ^ c >. Otherwise, 
tme procedure in use is causing excessive changes in the flux values and 
the paraaeters Bust be altered. 

When succeeding outer iterate flux values are not readily available, 
the BaTiBim relative flux change is estiaated by a bound. Given the values 
of r and s for the inner iteration, at each energy group, the estiaate is 

n 
r " aax Z r 

n t-1 C 

(716-26) n 
s * ain II s 

t-1 C 

over the individual energy groups. Quite generally the values obtained 
froa Eq. (716-26) are vider bounds than the values froa Eq. (716-25J-

The dominating eigenvalue of the outer iteration process is estimated. 
We assume that 

i.n i»n-l 
- " x X

J (716-27) 
l,n-i i,n-2 

Given 

n.l - ̂  1.0J Vl- • a 

(1.0 - *„ \ 
^-Vij "-1 

The estiaate of this dominant eigenvalue is 

-n " f "".» "n. 2 

(716-28) 
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If either of the t**> estimates of th is eigenvalue i s negative, arbi trari ly 

they are a l l set equal to the posit ive one. 

Other estimates of u have a lso been used, for example 

/ ? <*i.n - Xi.n-1>" 

W £-* i .n-1 i ,n-2 

L IX. - X. ,i 
£ J i ,n i , n - l | 

£^ \ i .n-1 i , n - 2 | 

and (716-29) 

(716-30) 

It is not practical to obtain .. , in this code which allows the source 
n,j and flux values to float to an arbitrary level Baking it likely that the 

nunbers would exceed machine range. The value v . is now being used and 
n.* 

reported when easily calculated without data access. 
An independent estiaate is made of the dominant eigenvalue of the 

out iteration process. The total neutron loss (absorption plus leakage) 
is calculated each iteration, L . The asymptotic eigenvalue of the 
iteration process is estimated by 

L ' L i n n-1 
'n " L . - L , (716-31) 

n-1 n-2 

Equation (716-31) is, unfortunately, only reliable when 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 \t \ > U 

n ' n-! 
it is deemed not convergent. If !c ' < je .!, the pro.es* is deemed 

n' n—i• 
convergent i f \c ] < G.l and 

V 
l"„ ' Vl l < ''kn-l * k „ - 2 i or 

http://pro.es*
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_a—a=i< 2 

n n-2 

or regardless of the value of • , 
n 

;. < 1.0 and cither n 

1 - -
I - Y 0.* * - — < 1.1 or 

n 

0.1 < -***• < 1.5 

Where u is ^ . or •«. -, the one asscziated with the aaxiaua relative n,a n,l n,2 
flux change. This qualification on a convergent process docs not apply when 
only one inner iteration is done each outer iteration. 

Together, the individual procedures act in a complicated way on the 
overall process which displays interaction effects. Certain delays and 
cycles are incorporated as found desirable froa the behavior of representeeiv 
test p rob lens. These are discussed here. With line relaxation on rows, 
for a problea containing ft rows and P planes, R • P - 1 sweeps are required 
for the aost remote boundary condition to propagate across the space problea. 
Typically, there is a change in the iterative behavior when this nuober of 
inner iterations have been done. However, it has been found that the 
behavior should be assessed earlier. 

Let ft • Xuaber of rows 
P - Xuaber of planes 
T • Xuaber of inner iterations (ainiaua) 

jft -r P - T 

, , .. (716-32) 
J » aax * ' * 

L • aax 

K - ain (L, 2JJ 
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H - max U • 2, K] 

X * M + 1 
where 

J is the initial delay in accessing convergence behavior. 
II is the initial delay in applying extrapolation arbitrarily. 
K is the delay between arbitrary extrapolztions. 
X is the initial delay on initiation of the Chebyshev acceleration 

procedure. 

Asynptctic extrapolation is delayed 5 iterations whenever any action 
is taken which would disrupt the outer iteration process preventing an 

approach to an asymptotic error node. Extrapolation itself or adjustment 
of the acceleration parameters cause such delay. 

Chebyshev acceleration may be initiated sooner than X above when the 
asymptotic single error mode extrapolation criteria are satisified; a 
minimum cycle of 5 iterations is imposed as discussed later on restart 
of the Chebyshev acceleration process, extended by 3 iterations from that 
iteration when any of the overrelaxation coefficients are reduced. When 
initiated or restarted after asymptotic extrapolation or after the estimated 
eigenvalue spectrum range has been decreased, start of the process is 
delayed one iteration. 

Testing to reduce the overrelaxation coefficients is permitted only 
3 iterations following restart of the Chebyshev acceleration process or 
4 iterations following asymptotic extrapolation when inner iteration 
behavior is examined (requires > 4 inner iterations), or 5 iterations 
after these events otherwise, and 5 iterations after any prior reduction 

When the minimum number of inner iterations done at any group is less 
tlun 4, non-convergence of the outer iteration process is used as criterion 
for reducing the overrelaxation factors, however, if the number of inner 
iterations done at amy group is 4 or more and this inner iteration process 
is dtoned convergent, that overrelaxation coefficient is not reduced the 
first time reduction of these coefficients is done based on outer 
iteration behavior. 
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The overrelaxation factors ac groups for which che niafcvr of inner 
iterations i s l e s s thxa 4 nay be increased when Che others are. However. 
« for Che oucer i teration process (Eq. 716-29) is used in place of • 
n c in Eq. (716-21), or Che BOX (- » -_) when Chebvshev acceleration is done. 

n z the miaiuun Master of inner iterations is 4 or more and Chebyshev 
acceleration is not he ins; done and after Che outer iteration count sat­
isfies the set delays, if the outer iteration process is deened to he not 
conversant, all of the overrelaxarion coefficients are arbitrarily reduced 
using En,. (716-2)). This can occur no nore frequently than every other 
outer iteration. Sote that once reduced, an overrelaxatioa coefficient 
will not he increased later, except it they are all reduced sinultaneously. 

The continuing discussion addresses acceleration of the outer iter­
ation process. 

Chebyshev Acceleration on Outer Iterations 

We outline here in general the procedure inplenented for accelerating 
Che outer iterations using Che Chebyshev polynoninals. This procedure has 
been selected from information about experience of ethers * in applying 
the technique with rather drastic nodificacions introduced based on our 
own expeiience with iterative procedures. A nunber of options are incor­
porated to facilitate testing. The automatic application ot use of che 
Chebyshev acceleration orocedure is made problem-dependent; ic is not 
always automatically applied, but can always be applied at the whin of 
the user. 

When Chebyshev acceleration is initiated (or reinitiated) che equation 
applied (pointwisc) is 

and each oucer iteration after this one. 

n n n n n-l ~n n-1 n-* 

However, if it | > 0.1. che result is constrained to 

0.25** < > < 4.0* * n n n 
a i . L. Wachsprtss, IceraCive Solution of El l ipt ic Equations, Prentice-Hall, 

Inc. . X. J . (1966). 
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Here n refers to outer iteration, N is the outer iteration wtwn the 
process is initiated, ; * is the newly calculated flux, ; the accelerated 

n n flux, and f and % are acceleration parameters. The latter are determined n n 
as follows. The Chebyxhev polynominal recursion is used in the form 

V l ( b ) - 1.0 

Ts(b) - b 
T (b) - 2.0 b T ,(b) - T -<b). n > 1. or 
n n~i n~^ 

Sole that 

where 

Vi ( H 

T ,(b) n-1 
T (b) n 

2.0 b 
" LVi<»J 

(716-35) 

b - »b- - I as n 

2.0 - (.2 • -,) 
<-. (716-36) 

and ~ and - are the lower and upper bounds of the eigenvalue spectrum, 
respectively. Civen the above recursion, the acceleration parameters are 
determined from 

f3i 2.0 - f> • t j ) 

f n - 6 T 
*.o rw b ) i , n 

^v tv*~J' '•• • 
r T n - - ( b ) i S - 2.0b *n 

(716-37) 

(716-3H) 

g„ - (1 .0 • f ) (1.0 - 0.5 (w. • « , ) ] - 1.0 n n i \ (716-39) 
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Consider the acceleration Eq. (716-34). The new estimate of the 
flux is obtained by applying the iteration matrix 

V • *n-l • 
# a « l U + f a > M - f o ] V l ^ V l ' W 

Define the error E » $ - $ , and since Hfr returns t 
n ** n •» » 

E - M l + O H - M E . + g C E . - E , ) n n n n-1 n n-1 n-2 

Consider that asymptotically f and g become constants, and assume that 
an error vector dominates, 

E - y v u. n -Au n 

i 

and that this error vector must be driven by the dominant one of the 
iteration matrix, 

M •* \ 

These assumptions lead to 

u*- [(1 + f )A - f ] u + 8 (1 - U) - 0. n n n 

Given an estimate for u when the Chebysl.ev process is in use, an estimate 
of the dominant eigenvalue of the iteration matri:: (and hence the upper 
limit of the spectrum of eigenvalues needed to seict the Chebyshev para­
meters) Is given by 

X 
Vi - + uf + g (1 - M) 

n n 
„<I + f n) 

(716-40) 

We seek the smallest value of u for maximum acceleration, 

u - aid + f)A - f + g j i / ( ( i + m - f + gj^ - 4g } 

Note that for f « g » 0, u - X as it should with no acceleration. 
The values t>i f and g are related t'r -ough the polynominal equations 

for Chebyshev acceleration by 

g. <„ - ( 4 s ) (•* 0 • 
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where a is the lower limit ot 'he spectrum. Assuming that A is known. 

u « * { (^Y*) (1 + f) * V Iw/ (1 * f )l * 4f + 2(A * a>(1 + f } i 
The largest value of y can be reduced to a point by increasing f, but 
further increase in f causes it to have an imaginary component. This 
occurs when 

2 

4f + 2 (A + a)(l + f) - 0 , and [M«•»] 
[—7—I (1 + f) , or from above. 

1 + f-"(T •^~T [2 - (A + a) - 2 / (1 - a)(i - X)J 

the smallest value selected, and 

^ y fi - (A + a) - 2 • (I - a)(l - A)l u - ( x ., 12 - (A + a) - 2 / (I - a)(l - A) | . (716-41) 

Asymptotically, we expect optimum Chebyshev acceleration of an iterative 
process having a dominant eigenvalue A to have a dominant eigenvalue V. 

An estimate of u from the behavior of a problem may be compared with this 
"alue to assess effectiveness. Note that if u were known and the lower 
limit were zero, 

7~ 1 + 2v + u 

It is of interest to examine the gain in the rate of error reduction 
with Chebyshev acceJeration (asymptotic optimum). Values of y and X arc 
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 distribution density of the eigenvalues. 
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No Acceleration Optimum. Acceleration 
(A) (u) 

0.25 0.0718 
0.50 0.1716 
0.75 0.3333 
0.85 0.4417 
0.95 0.6345 
0.99 0.8182 

If the basic iterative process reduces the absolute error by 5Z each 
outer iteration, the Chebyshev process optimumally reduces this absolute 
error 36.5Z each outer iteration asymptotically, an impressive gain. 

The automated procedure for starting the Cnebyshev acceleration 
process consists of: 
1. 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 > 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 when the iteration process is convergent. 

Limits for the eigenvalue spectrum are selected automatically. 
Initially u. is set to zero and 

, 2 « max [min (0.9, X), 0.5] 

C 
where X - , n - C * o r o n e " d i B , e n s i o , , a i problems, G is the number of energy 

groups, otherwise 

X - max e (g) - 1.0 

We expect to use an estimate from the multigroup equations for one point 
invol/ing weighting of the space-dependent properties. 
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An attempt is made to obtain a better 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 satisfy the criteria 
for a convergent process, the procedure is restarted with a reduced value 
for the estimate of the eigenvalue spectrum limit, 

u 2 - nin [0.98, max <u2 Q
2 , 0.75 * 2 Q)I , (716-42) 

where v. _ refers to the value in current use. Equation (716-42) is 
applied a maximum of three rimes (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 u~ is 
reduced, the old value of w_ is saved as an upper limit for w_, gradually 
increased thereafter. 

The maximum relative flux change, e for iteration m, is saved 
whenever the procedure is restarted. After the set delay, if (e | > 1.5 |e j 
the process is deemed to be ineffective, Eq. (716-42) is used, and the 
procedure restarted!, but only if |e | > y„ |e . \ . 

Given a convergent process when Chebyshev acceleration is in use, 
the behavior is examined after a maximum delay of 15 iterations, or if 
f It . < 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, w, is reset to A from Eq. (716-40). 

This new value is used and the process restarted if 

1'° - »7 n 
°' 9 5 < 7.0 - » 7 ' \ < l ' 0 5 • 

i ,n-i 
provided 

u, . < vi_ < 0.99999 
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1 - 1.0 • u 
be United to u 2 < g =*=* . where B - aex 11.4, l a (2 «• ^ I ) | 

I i s the ntnta— naaher of inner i terations dean, except that • i s 

defaulted to 2.0 for one-dines* ional probleam. Bestart i a not 

only a saal l chaaga ia v . occnra. 

1.0 - u~ 
0.99 < -r-j; " 2 < i . o i 

1 9 ' *2.0 

This last test is not applied when asynptotic extrapolation is done caasing 
restart, normally allowing u, to be adjusted. Also, if the test on 
successive iterate estiaates of w, _ fails, then the new value used is 

z,n 
U 2 " *< ;*2.n + U 2 t 0> • Vl*-H) 

Asynptotic Extrapolation 

when the i terat ive behavior of a problea indicates that MI asynptotic 

node has establ ished, an extrapolation i s done on se t s of the outer 

i teration flux values. 

Onsider the outer i terat ion problea in the fora 

>n * 1 " ( Cn * f" * F )*n ' ( 7 1 6 - " > 
n 

or in the alternative fora 

s, • i - ( G n + r * F>*„* n h r ^ ) > F*« • < 7 1 6 - 4 5 > 
e \ n e / 

Note that an error froa the estlifted value of the multiplication factor 
enters the problea directly. 

This iterative process aay be expressed as 

*„ • l " M«*n ' (716-46) 
n • l n n 

where H is the iteration oatrix. H depends on the latest estiaate of n n r 

the problea eigenvalue, the aultiplication factor for the usual type of 
eigenvalue problea or the eigenvalue of the direct search problea. For 
a process which converges to a solution, the largest e.genvalue of H nust 
tend to unity; the operation HjPm aust return $m. 
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It i s M n a H that the outer iteration flux vector c 

intt a se t of l inearly Independent error vcccots , 

: - : 'Z^ I = -. .1 

an be expanded 

(716-47) 

Og ^ Im a resfdwal error (associated fcitb the eigenvalue estimate), hope­
fully avail and decreasing as n Increases. The A is diagonal, a constant 
f <»r each o of ; associated vith 

i 
prevlov* state of the problem). 

the .. represent eigenvalues «t ibe error vectors, eigenvalues of 
ihe iteration matrix M 

The single error node extrapolation procedure i. St̂ sed on one error 
vector dominating, asymptotically 

i ,*• i ,n i (716-48) 

where a. i* a tronstant and - the eigenvalue of the dominating e r r o r vector . 

7hi* recursi%m r e la t ionsh ip yield* th*» expression for the eigenvalue 

X. - X, 
ijff- i . n -1 

X i , n - l " %i,n-2 
(716-49) 

and the extrapolation equation 

X I. X, + D<X. - X, „ .> i,n i,n i,n-l (716-50) 

where 

I -

Alternatively, iterate values spaced two iterations apart may be 
used by properly determining Che extrapolation faccor. Ac Che time this 
is written, we use 

X, -X, • g(X, - X. .) i,- i,n * i,n i,n-2 

where 

(716-51) 
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The dependence of the extrapolation .."actor \€or Eq. (716-50) is 
shorn in Fig. (716-3). 

Tims, the asyaptotic single-error node extrapolation procedure 
uses information from three succeediug outer iteration flux values to 
give a single factor applied to the nost 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 
which dominates asymptotically, or one which dominates at any stage of 
the calculation. 

Of critical importance are (1) determining when one error vector 
dominates, and (2) producing a good estimate of the eigenvalue of the 
dominating error vector. 

The single-error code process is restrained A maximum value tor 
b of 75 is used. Until j-_ ,! < 0.01, an imposed restraint (preventing 

n-l 
negative flux values) is 

0.25 < •—*- - 4.0 

when the minimum number of inner iterations - 4, or 

Xi,-0.1 < •—*- < 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 

Xi,- * Xi,n " V X i , n " Xi,n-1> * "n(Xi.n-l ' X
i,n-2 ) • < 7 1 6' 5 2> 

This recursion relationship leads to the equation 

^ • ^ ^ ^ - V i + rT • <™-53) 
n n-l 
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Fi*. 716-3. Dependence of the Extrapolation Factor on the Single 
Error Eigenvalue. 

o 



71*-* 

***** ~n l s ******* a b o * « - **• **>•* stage in the calculation, it is 
assuaed that the individual error vectors contribute in such a way that 
the values of b n and q^ are nearly independent of the outer iteration n. 
When so independent. 

"a-l'n-2 ("n ' 'n-l* 

(716-54) 
- - b n n isd 

b 

° 1.0 - ̂  
n 

Note that a test for significance can be aade on the denoainator of the 
equation for q . In any event, q • 0 defaults the equations to those 
for the single-error node. 

The asyaptotic two error aode extrapolation equation is 

Xi . ' Xf „ * b„ ( Xi n " X« -. I> + «„ ( Xf n-1 - Xi n-2' • (716-33) 
i ,•» i ,n n i ,n i ,n-i n i ,n-i t ,n-z 

applied to each flux value. An attractive feature of this procedure is 
that the eigenvalues of the two doainating error vectors aay be a coaplex 
conjugate set. The rather indefinite state of the contributions froa 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 doainance include 
that the outer iteration process be convergent, |e | < 10, and u < 10. 

n n • 3 
An asyaptotic single-error aode is judged to have established when 

u < 0.99999 , 
n 

! u n " w n- l ! < f Vl " V2I 

"•» ' 1.6 - , ' ' '•» • 
n—* 

b 
0.95 < r - 5 - < 1.05 

b n - l 
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where 

b o " 1 . 0 - -
n 

1 1.0 - _ 1.0 - _ 
and that e i tner 0.75 < _ p — < 1.25, or 0.90 < ° < 1.10, 

"n,a ~ Y n 
and 0.1 < —*— < l.S when Equation (716-27) is used, where .. is that 

*n n » a 

value of .. or a , associated with the •axinua relative flux change. n,i n,/ 
First priority is given to the double-error node procedure, applied 

when the following criteria are satisfied, using values from Eq. (716-5*), 
_ < 0.99999 n 
b + q > 0 , 

b • q 
0.8 • , n ^ "• < 1.2 

!b ! <• looo 
n 

bn bn-l * ° • 
Vn-1 > ° 
'Vi! < ibn! , 
]<„< < |.J , 
q n < 0 

In addition, a new value for b is obtained from 
n 

. . i r A vi i b » — < b , • q - v l n y I n-1 i n n I n ( n-1 ) 

and the extrapolation is done only if 
b ' 0.9 < ~ < 1.1 n 

Then b ' is used instead of b . Default is to the single-error s»de n n 
procedure, applied when its criteria are satisfied. 

(716-56) 
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The saae restraints are applied to the flux values as for the single-
error-node process, but now only when U ,! > 0.001. 

Extrapolation is allowed only after the initial set delay in outer 
iteration count, and after the set delay following any major change in 
the process, as when extrapolation is done, or parameters are changed a* 

discussed earlier. Otherwise, the procedure involves a continuous check 
on Che iterative behavior for conditions allowing extrapolation. Upon 
extrapolation, the overretaxation coefficients are not permitted to be 
adjusted for the set delay of 5 outer iterations; when the Chebyshev 
acceleration process is used, it is restarted whenever extrapolation is 
done. 

Superimposed on the above procedure is -m arbitrary scheme. A fixed 
delay initially (and after asymptotic extrapolation is done) is imposed, 
see Eq. (716-32), then the procedure is further delayed until the outer 
iteration process is convergent and the inner iteration processes are 
convergent for two succeeding outer iterations. When the Chebyshev 
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"*»rall problem, producing estimates of - (g). If all 
- (g) < 0.99999, extrapolation is 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 u. * nin(0.9,u ). 

At the time the first asymptotic extrapolation is done, thf number 
of inner iterations at each group are recalculated if the minimum is 
^ 4 . The adjustments are made to attempt to get the same error reduction 
for each space problem. Considering that the rate of error reduction 
(asymptotically) each inner iteration is approximately u (g) TT~7» the 

number cf inner iterations is recalculated for each group as (truncated) 
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' - 1 ,(«) x i o ( g ) 
+ 0.5 ' - 1 ,(«) 

^ ( g ) + 0.5 

restrained to 

A < 'n+1 <«> ^ max l n ( «> 

(716-57) 

where 

[— In (*>] 
and u (g) is determined at each group by Eq. (716-30). 

If any u (g) > 0.99999, extrapolation is not done 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 n 

n 
(1.0 + b) g n + 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.3 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, 

P 
k - ~ (716-58) 

Except as noted later. 



716-40 

where P refers to the total neutron production rate , and L to the 
n n 

neutron absorption rate plus the surface leakage rate, each determined 
for outer iteration n. This estiaate of the multiplication factor is 
used the next outer iteration except when 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 zones, then the totals must be 
applied to the total production rate. 

Pn -Z V«(mC"f ...I T«..)I>«.S' (71b-59) 

Calculations of the losses to internal black absorber regions, in-
leakage from adjacent regions, presents a bit of a problea. To avoid a 
significant cost in computer time, this contribution to the overall 
neutron balance is approxiaated as a calculation proceeds, which involves 
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 k from the latter is used. 
When done alone, the simple estimate from source ratios is used, 

k P 
kn " P " • (716-60) 

n-1 

This formulation is also used when solving the consistent P. equations 
and when Chebyshev acceleration is being done (without criticality search) 
using the accelerated flux values. 
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Far ether types of eigenvalue probless , the direct searches, the overall 
neutron balance yie lds an es t iaate of the eigenvalue. 

n k n 
e . (716-61) 

'" £'—) 
where the new terms AP and LA are productions and losses associated 

n n 
with the change* introduced through the search parameter. Generally a 
>. of zero Means none of the Material to be adjusted is added to the sys­
tem; the exception is the buckling search wh»re the specified buckling 
tern is initially included in the equation constants, so the search is 
done on the changes to it, zero X 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 X , be the 

n—1 
value used the previous iteration; the formulation used is 

\ - X . + C (\* - > ,) , (716-62) 
n n-1 n n-1 

where C is initialized at a small value, say 0.1, and is doubled after n 
each time it is used until it exceeds unity, after which the estimate of 
X given by Eq. (716-61) is used directly. In the event that the system has 
a very low multiplication factor, Eq. (716-61) tends to be an overestimate; 
therefore, if k /k < 0.5, where k is determined from Eq. (716-58), the n e n 
factor C of Eq. (716-62) is not increased, nor is it increased during the 
first few iterations if 0.95 < k /k < 1,05. Other techniques have been 

n e 
used, as to dampen oscillatory behavior. However, it is quite important 
that asymptotic extrapolation be allowed; this requires that the detailed 
treatment of each iteration be 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 having an associated k 
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considerably less than unity, the solution for a desired k of unity of 
a recipiocal velocity search involves a negative value of A. At solution 
the negative absorption contribution frost the A(l/v) tern stay exceed that 
trom the sua of outscatter and absorption, even at solution. During the 
iterative process, if not controlled, negative point flux values could be 
obtained. The •#chnique used for control is to determine those values of 
\ which cause the total removal tern with and without the diffusion 
coupling terms to be zero. Then the iterate estimate of X is allowed 
to move only slowly from one value to the other, and no negative point 
flux car. be obtained. 

The Indirect Search 

Consider that the results are available for two succeeding problems, 
namely, the multiplication factors associated with two conditions repre­
senting different contributions fi • the search parameters. Then use is 
made of the formulation 

C l k 
L - (716-63) 

c 2-k 

where C and C. are constants to evaluate, k is the multiplication factor, 
and X is the search problem eigenvalue. Equation (716-63) is assumed to 
fail if JC2I > 101* cs calculated, or if the estimated search eigenvalue 
exceeds either of the first two values. In this event, a linear approxi­
mation is used which gives the new estimate, 

V i i + <ke * "i/fv^it] ' (716-6A> 

where k is the desired value of the multiplication factor, often unity, 
and i refers to the index on the eigenvalue problem loop. 

A third eigenvalue problem is then sjlved. Given three statrs and 
th? associated values for the multiplication factors, the formulation 
used is 

C k 
* * C3 * C7^k • W -
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where C , C , and C_ 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 

>. f=\(^^) • <'"-"> 
and the lasr significant value of this derivative (calculated during the 
process of an indirect search) could be aade available if another search 
problem of the same type were solved. 

The Fixed Source Problem 

A special aspect xust be considered if the procedure 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 contribution 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 source, 

P + h S » L n n o n 
L . p (716-67) 

. n n 
hn " ™ S 

o 
where P is the fission source rate, L is the loss rate, and S is the n n * o 
total fixed source. The factor h determined above is a multiplier on 
the total source, I S , n - 0 

(716-68) 
h S , n > 0 

\ n o 

and therefore on the individual components of i t . 
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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 where there is no feedback into the 
problem. Note that the procedure allows the source to go negative if so 
calculated as necessary. The result of a calculation 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, L in Eq. (716-67) is replaced 
n 

by a constant to fix the total source based on initial conditions. 

S i P 
L « P + 0 0 

n ° 10. S~ I o 
Outer Iteration Acceleration Estimates 

(716-69) 

When acceleration is done (on an outer iteration, Chebyshev or extrapo­
lation), a new estimate is obtained of the problem eigenvalue. The neutron 
production rate and the neutron loss rate (absorption plus surface leakage) 
for the overall neutron balance are accelerated individually, given by the 
general form. 

P » P * + f ( P * - P .) + g (P , - P .,) n n n n n-1 °n n-1 n-2 

L » L * + f ( L * - L , ) + g ( L , - L ,) n n n n n-1 n n-1 n-2 
(716-70) 

where f and g are the parameters used to accelerate the flux (b and q n n 
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 10% 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 multipllflcation 
factor or the search problem eigenvalue) is not used if it does not represent 
forward driving from the neutron balance values if 



716-45 

k - k * 
n n - _ k*-k / < ° n n-1 

k * 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 bs determined from total source 
ratios when Chebyshev acceleration is done.) 

END OF SECTION 
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Section 718: Initialization 

Prior to iteration on the neutronics problem, values for the flux 
oust he assigned at each point in space and energy. Certain paranetcrs 
are required for the iteration procedures. The initialisation procedures 
are discussed here. 

An existing set of the flux values nay be available for use. It 
could be the solution for a siallar problen. Situations are known for 
which seeaingly snail changes in a system cause the solution for another 
problen to be a poor starting point, as when control rods are repositioned. 
however, considerable reduction in coaputation tin* is associated with 
use of the previous solution to start each problem for discrete step 
depletion calculations. The capability is incorporated to per fore a 
linear interpolation of the flux values when a finer neshpoint description 
is presented; this expansion from a coarse-mesh result is appropriate 
only if the nunber of neshpoints has been increased regularly along any 
one coordinate (for example, doubled across the board, or each two 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 zone located at the point where the boundary conditions 
indicate the flux is near maxima, 

*<g,r) - A(g) B(x) C(y) D(z) , (718-1) 

where +(g,r) is the flux guess for energy group g and space location r, 
A(g) is determined from 

T(g) A(g) - X(g) • 2 3 S(g') A(g') , (718-2) 
8' 

where T(g) is the loss term for the group including a buckling loss 
associated with • * • 0.01; x<8> *» the fission source distribution (i.e., 
a unit source distributed), and S(g) is the inscattering cross section. 
B(x), C(y), and D{t) are determined for the individual coordinate direc­
tions by the relationship, typically 
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[0.8- (X - X )"| 
-^ — J • (718-3) 

Values of X and L depend on the boundary conditions for that space 
coordinate as shown on the following page: 

Boundary Conditions 
(left, Right) L Xo 

Reflected, Reflected* (Not used) (Not used) 
Reflected, Extrapolated** width 0 
Extrapolated, Reflected width width 
Extrapolated, Extrapolated half-width half-width 

* 
or repeated 

** 
non-return or zero flux 

Of course, at the user's whin, all flux values are initialized at a 
constant or a data file supplied will be used. It is planned to implement 
a store sophisticated initialization procedure to reduce the cost of 
solving the larger probless. 

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 equul to the point values over space for the first energy 
group of the regular problea. 

The overrelaxation coefficients are initialized at values dependent 
on an estiaate of the next-to-largest, in Magnitude, eigenvalue of the 
iteration matrix, p(g). 
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o<«> • i .o + /norTTsP" • ( 7 1 , M ) 

Along aach coordinata direction, an "ideal" eigenvalue is determined 
for a uniform mesh homogeneous problem, 

X j " C O S {^Sj} • (718-5) 

where j rafars to a coordinata direction; H is the number of mesh inter­
vals; and a. depends on tha boundary conditions: 1.0 for zaro flux or 
non-return (extrapolated) boundaries associated with this coordinate, 
2.0 if one boundary is reflected, or 3.0 if both are reflected, but \ 
is then set max (A , 0.995) except for the first coordinate direction. 

For line over relaxation along the first coordinate direction, the 
"ideal" eigenvalue is estimated as 

J 
£ *j (718-6) 

\ - £1— 
L J - al 

where J is the nunber of coordinates, 2 or 3. Kote that for the one-
diaensional problem with line relaxation, X. • 0, the optimum over re la 
tion coefficient is unity, and overrclaxation is not dona. 

Based on experience with probleas involving from few to many energy 
groups, X. is arbitrarily reduced as follows. Tha number of inner itera­
tions is estimated at 



718-4 

2.0 
i.O * »'l.O - X z 

X - min )».-[«••. tt«^..»]| 

where A is 1.5 vitbont waacatter, O.t with unseatter; if X < 4, it is set* 
to 4 without opscatter or one if p. < 0.9 or with unseattcr. If the 

rr of inner iterations ia specified ia the veer input, this value is 
need. Then, the eigenvalue > is ad justed: 

\ . „ , T c « C • 4X + ioll 
J , 0- •»• [ 5 0- - 4X ̂  11 J| ' 

where C is the nunber of groups, and 

(718-7) 

To allow for dependence on the relative negnitudes of the leakage 
coostanta and the total loss tern ia the finite-difference fomulation, 
an Internal aesh point location i s selected where the product of the 
volume and vZ. i s largest, and the estimate of the eigenvalue i s adjusted 
by 

o(g) - nax 0.75- X. l 0 t M^IJ ' (718-8) 
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where C_ .(g) is the total loss constant (the finite-difference-element 
VOIUB* tines the total cross section for outscatter and absorption plus 
the buckling loss ten, nesh point i, and C .(g) refers to the leakage 
constant associated with a surface of the element for that energy group. 

The eigenvalue estimates obtained fron Eq. (718-8) are arbitrarily 
adjusted as follows 

a * nin M • 
b - 1.0 -^/l-0 - X 

c * nax p(g) 

/ c, c > 
f " H(X_ + »»), c i 

c > b 
b 

Then only if a < b, 

c<«> " b + [fT7J [~(g) " a3 (715-9) 

The nuaber of inner iterations required to effect a particular error 
reduction is estimated. Consider that a number of inner iterations has 
been specified; this nuaber is used for the group n where p(m) is a 
maximum and the number of iterations at each of the other groups is 
calculated (unless the specified number is < *) as 

'> - l n { 30, 1 + N I - ^ l i — _ j jj , (718-10) 
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(except that all K g ) * » set to unity 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 • — {4-'•«> - u i i .w - . 3 f } • <»•-») 

where A is 1.5 without upscatter. With upscatter A is 0.8 and if the 
—xiaua nuaber of inner iterations for any group is 4, they are all set 
to unity. 

In the aultirov and enltiplane nodes of data handling, there is a 
n w l — nuaber of inner iterations which can be done for a given aaount 
of data transfer. By user option, the number of iterations done at each 
energy is arbitrarily rounded up to cause the aaxiaua aaount of calculation 
relative to data transfer, but this is not the autoaated procedure and 
•ay not be superior to the autoaated procedure. 

It is planned to perform iterations on a one-dimensional problea 
selected from the aesh. The multi-group result can be used for initiali­
zation of the flux and inner and outer iteration information developed 
which any improve the starting points for bath 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. It *"s 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 
siaple Measure of the reliability of a solution is not directly available 
from the iterative results. A satisfactory measure of reliability is, 
however, of critical importance. 

If the inner iterations were continued enough times, the flux £ . 
in Eq. (716-1) would satisfy the relationship in Eq. (720-1) provided there 
were no upscatter: 

*n +l ' R : n + 1 + r X F *n ' o r ( 7 2 0 ' 1 > 
n 

( I - R> *n+l * A Vl ' r X F *n ' 
n 

The process could now be written as 

"*« * X F*n n n 

n+l k n n 

Under this condition, bounds on k can be identified and calculated as 
e 

simply the maximum and minimum ratios of the source, components of f, 
between outer iterations, times k . Us* has been made of these bounds, 
especially in the PDQ series of codes. 3 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 are bounds. 
Only with a relatively large number of inner iterations does one have 

•Cadwell, W. R., WAPD-TM-179 
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assurance that bounds have been identified. The optimum number of inner 
iterations for problem solution, considered here to minimize the computa­
tion cost, may be far fewer that are required to insure chat bounds on 
the eigenvalue are established. Thus, we seek an alternative measure of 
reliability. 

The Maximum Relative Flux Change 

The iterative process, Eq. (716-1), may be described as 

*o« ' Vn • < 7 2°- 2> 
where the flux vector from outer iteration n is operated on by the itera­
tion matrix Ji to generate the new estimate. The iteration matrix M is 

n 
iteration dependent because it contains the latest estimate of k . Bounds 
on the largest eigenvalue or speccral radius of M can be calculated. 
Consider the sec of components of the flux vector z to be X., and the 
elements of M to be a... Now consider the new matrix formed of the elements 

X. 
b . . • a. . =*• ij IJ X. 

The new matrix is the result of performing the operation P~ MP; therefore, 
it is sinilar to che 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 columns or rows. The sum along a row is simply the ratio of flux 
values at one point between outer iterations. Therefore 

i n ( v
l f " I <c(M ) < maximum (~^— I (720-3) 

\ Xi,n-l/- n \ Xi,n-l/ 
mi 

Since p(M ) must tend to unity, an indication that the iterative process 
is convergent is that 

K „!<jc. n ,| , (720-4) 
! $ ,ni I ; ,n 11 

Due to M. L. Tobias, unpublished. 
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where 

-|maxi l'* " i ' n ~ 1 . (720-5) 
*' n ' ' Xi.r-1 

Further. p(M ) is bounded by 1 • j t J . j ^ n is not a one to one corre-
spondence between bounds on k and on p(M ) because of the way k appears 

n n n 
in M. However, a reasonable estimate of the probable uncertainty in k is 

n f. (i ±!cA M (720-6) 

Ocassionally, a result falls outside of this range, so it should be inter­
preted as an approximate bound, perhaps two 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 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 recommended for wide 
use, a smaller value when necessary, and a larger value for situations 
where 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 

( i.n.m \ 
i,n,m-l/ 

r,,n,m- > a X'v ' r I • ™» 

S - mi K.n.m \ i,n,m-l/ 

by group g for outer iteration n, inner iteration m. 
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Then over the inner i t e r a t i o n s , taking 

p • n r , and 

q » II s 
8 ." n * » n ' 

and finding the maximal over all g. 

w * 'max! (p - l , q -1) n rq,n ng,n 

'»„! * l',„l 

Thus the convergence property tested by t_ is also tested by w . 
Experience with its use indicates that jw ' >> |c I during the eariv 

r ' n1 ' ;,n' • 
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 above 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 equations cast in the form of actual reaction rates. The 
residue R. is defined as 

x 

R i - r F i + S i - T i ' ( 7 2 0 " 7 ) 

r 



720-5 

where R. is Che residue which would be zero if Che problem were completely 
converged, F. is Che associated fission source, S. is Che in-scaccering 
plus in-leakage ten, and T. is Che tocal reaoval and out-lcakage Cera. 
Each of Che above terms is evaluated wich Che soluCion flux vector com­
ponents. Su—ing equations and determining 

r *T* " ^ r 

i 

(720-8) 

F V * F.(T. - S.) J^ 1 1 l 

Experience has shown Che residues estimate of Che multiplication con­
stant Co be quice useful, especially when a problem solved has an unfami­
liar iceracive behavior. If Che residues estimate differs markedly from 
Che value used in Che iceracive process, Chen Che problem is noC converged. 

The analyse wanes Co know che besC 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 che 
residues estimate is often not superior Co chat from che neutron balance 
used in che calculation. We suggest simply averaging che two values. 

In some situations, even Che residues estimate of k wili not reflect 
e 

lack of -onvergence, one case being that where over much of che system 
Che flux is quice flat. The point neutron balance equations are used at 
each space-energy point having fission source to yield independent bounds 
on k 

e 
—— F + S • T k / i * 5 ! Ti 

(720-9) 
. . Fi 

T - S i i 
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and maximum and minimum values of k. are determined as bounds. Unfortunately, 
in most situations there are locations where the magnitude of F. is small 
relative to S., 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 F./S. > .00001 if S > 0. 
Since S. 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 some 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 error is small. However, the 
multiplication factor calculated for two successive iterations may be 
nearly the same and yet 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 y is related to ..he iterate point 
flux values bv 

X - X , n n-1 u X . - X , 
n-1 n-2 

(720-10) 

where n refers to outer iteration, and 

X - X 
•M * „ " v " - (720-11) X - X , 

» n-1 

Thus, u is a direct measure of the absolute error reduction each 
iteration. Further 

X - X 
— 2- - -» . (720-12) X - X . 1 - u n n-1 
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chat is, an esciaace of Che racio of che absoluce error Co che iterative 
change is given directly. Given che maximum relative flux change, c , 
che absoluce error in Che local flux is 

X -I C - X X - X / \ 
X. Xn \l - »f n (720-13) 

Since che procedure of calculation ac tempts to make use of this 
infonucion and apply asynpcotic excrapolacion, reporced values of u each 
iceracion have limited ucilicy. However, asymptocic excrapolacion is 
only done when it appears that an asymptotic node has developed. Thus, 
che esciaace of •- ac chac poinc in Che calculacion is of inceresc, 
especially so if the extrapolation was effective as indicated by subse­
quent values of c being considerably smaller than before excrapolacion. 
In applying Eq. (720-13), che largesc eigenvalue of Che icerative process 
should be used, r.ot a smaller one associated with che dominating error 
contribution at any stage of Che calculacion, nor any unusually large 
esciaace of ic. Note that we recommend use of che faccor c , which makes 

n* 
a primary contribution in Eq. (720-13), as che primary user control for 
termination cf che icerative process. Tests on the icerate estiaaces cf 
Che eigenvalue of Che probles (cite mulciplicacion facror or search problem 
eigenvalue) are unreliable ac besc, especially when acceleracion schemes 
are used. 

END OF SECTION 
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k»X 

gc l (.) 
-•• £ *,E »<••«> v , £ * 'i.. •«., 

vhere X refers to • Macroscopic property ia refioa 
"»a 

feint in fecartric space and t and n ?v «wrry ercqir. 
It is assumed in this discussion that \ x(a,g) • l. 

C 

•,i refers to a space 

X - ,(n), I r(n) .^I(ir«) tcrr(n)3*(n) 

- C. (B) • v. •. •* c^i-?; 

* - £ . (gy ; 

X = I(n) 

G,(B) « V.. •.. _ *: (7il-10) 

r, I , 1 *? w, f »• . - • rl » internal. (~ i-11) 

. at 

nsa'erî l :r.**rface£. cr 

any black boundary. 
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H*r*r ,» r* fers ts, each c f the neare-t iselghbcrfttf »esh pc ia t s , Af i s the 
ncmal leafca*r* area, and A. i s the dirtanee Tram m pvtr.t tc the «p|-rc|.ri«t« 
int^rfac* btwwR aarh pcintr . C (n) i s the internal or «xterc*l black 
boundary constant, (see section TOE). At ref lect ing boundaries tnere i s 
sere contribution. 

fM 

QlM m £'l.-Z ***> •!+ (Ttl-Xi/ 

Calculation of e tenperature cr powr coeff ic ient of rMCtivity we«M 
direct ly frees the pert ie l derivatives discussed above using additional 

deta. 

•iC 

IF 

w 
vhere X, refers tc each contributing maercsecpic property including crccr 
.-ecticru- and diff^icr. constant.'. Tc consider the general sitnatian, 
discrete changes wools' haw to be considered. Then resonance calcvlati 
may be none at. t*x tess^: at ures representing scee desired change, and the 
fencrated EicrcrccFic data osed in too fans: 

JS- I%[v»i)-V»->] 1-S25 

vh*r« X-(P.) refer* **. a cat-re- "eric . T .-• .-eerier, itt-rained frets i n i t i a l 
r.u.*Ii :e <:vr ;̂*-i«-i- ana the ir ir'nal i; / .-peeified micrcscxpic crcsr -~eeti nr; 
X-CF,. reft r.- tc the alt tree value die u .-pacified chancer in r/jclide 
den.-ft!--. -=ru: new aierc.T. pi<- rata. 

lapt-r'aRc* «Bi.- cv? r ;p.3.-v na;. r- «.V.ta!ntd. "Is?ortsr.ee" ' ; used 
':.• r»- tr afar, The contribution *c *'r. &•.;!' "plicar :cr. factcr jt r unit v-iua* 
frrr. .cKe factcr, r.*aely 

http://ortsr.ee
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I. (c) •- ^ - # . (7ri-l*-) 
r ) » ^ r v. • , • . k L r r i i t i 

fcr th? ene-£roup situation treated above, where f represents m mtsh pciat 
IcMtien *ad the contribution frcsj coapcaent c to the aacrcscopic ~ross 
sectlcu X en i unit voluae basis is shown tc be given the fjuac tiae- ad-
Joint frighting. 
Frcagt Seutron l i fetja* 

Per the estiaate of the proapt neutron l i f e l ine , the weighting: i - <zt 
reciprocal neutron velccity, Eq. 721-15 applies 

ft -
iL\E *<-••> <., E-^t.. n.. 

(721-15) 

aaaalts PraaacaJ 
Civaa forward sad sdjsiat flax solatia**, the derivatives af k with 

respect to each aacroacepic (cans) ctaaa aacciaa aia calculated sad edited, 
las. 721-% throegh 721-12 shave, aa calculations are dean which reeaire 
raaccaaa af aicroecopic data or aaclide concentrations. The basic 
integrals, V^f*** •*» w i t t a a aa aa interface data f i le far farther 
Oa option, peiatvise iapartaaca aaaa are edited af ¥X f , I > v m4 Tlf - 1^. 

Ta predace additional iafsraatiea at the ascrasenpic craaa-aactiaa 
level, the effaces af relative chaeaes ia Kb* craas sections are calcelated. 
Cansieer 

tt " aC l l < f I ) * f aC I I ( I > (721-la) 
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O 
ufctra f raaraaaats a fractlaaal caaaas, sat ta salty far taa calcwlatisas 
(1002 caaaaa). Taa caatriaatiaas f 4k art aatarrtaaa' far aastraa 
araaactiaa, aaarratiaa. scattarieg aaa* traasaart ami taa tacal far taa 
C M M valaa af f salty, laasa rasvlts ara a 4 f f t ay aatiaa ta raflact 

sosae* awar aaact? ta yiaM saaa araaasaaca. aa** tacals ara aaaaratatf. 
Aasltiaaal iafaraaciaa ia arasaras' ta iaiicata taa affact af 

sacvrtairtiss at taa aacraacaaic craaa•aactlaa lavsl. CaaaMar raat ia 

>2M , _ r _ . - . 2 ! * 
• ^—»• aa . r 

4k {EflH } • '{E[H | 
ami agais f ia sat at salty. Tfce rasalts ara attalaa** far ia4Masal 
caatriaatiaas, n a a i l asar taaas. aasrgy, saaaa aai aaargy. aatf iatfiviasal 
caaaaaaata aiM, ay aaar satiaa. 
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n Conclusion aad CI 

we expect this code block and i t s documentation to iaprove with 
t i a e . Feed-back of information from analysts applying the procedures 
to general s i tuat ions and OMite special p rob leas allows upgrading the 
capabil ity; i t a lso permits the documentation to be improved, removal 
of errors and inconsistencies and expansion of the coverage to further 
address and clarify troublesome areas. Keep us posted! 

The capabil ity contained in the VENTURE code block i s a direct 
reflection of experience in nuclear reactor analysis and the require­
ments found over a period of years at OWL. Several analysts have made 
direct contributions. Methods ia use have undergone a continuing improve­
ment which has been in part a trial-and-error process, but a l so benefitced 
from the direct contributions of several individuals, and we particularly 
acknowledge those of M. L. Tobias. 

A glossary follows which i s intended to convey an intended meaning 
of certain terns used in this report. 

• - « - i - ^ ' « W - r % - ^ « ^ E * & | t f i ^ r t a ^ S » J * J f f c ' ' i ^ * . . - i ^ 
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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 adjoint form appropriate to perturbation 
theory (matrix elements are transposed about the main diagonal). 

Blunder. That which produced an error, more often having human 
source than machine. 

Convergence Criterion. The specified maximum relative change between 
iterations of a dependent variable 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 is approached but fluctuates 
about some value when further resolution 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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v* Direct Search. The search eigenvalue problem i s i terated direct ly 
toward a desired solution without using the conventional approach of 
solving each of a s er i e s of problems for the Multiplication factor. 

Eigenvalue. Root of the determinate of a matrix, often used as the 
most posi t ive root. Given a set of N equations for N unknown neutron flux 
values, there remains one unknown in a multiplying system; th is unknown 
multiplication factor i s termed the eigenvalue of the problem and an 
additional equation must be used to supply a complete set of equations. 

Extrapolation. This term i s reserved herein to mean that occasionally 
a complete i terate set of flux values are driven to a new extrapolated se t 
for use in the next i terat ion; driving i s generally in the direction of 
the individual changes between the las t two i terat ions and i s based on 
the i t erat ive behavior over three or more previous i t era t ions . 

Fission Source Distribution Function. In the discrete , multi-energy-
group representation, neutrons produced from tl:e f i ss ion reactions at one 
geometric location are summed and the total i s ti:en distributed in energy 
by th i s distrihuton function. 

Flux. Neutron flux i s neutron density times speed. Since fmr M-^s 
cross section gives reaction rate, flux i s total track length per unit 
volume. 

Foot-Draggers Disease. This expression i s reserved for the s i tuation 
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 i s 
continued unti l a set number of inner-iterations on this partitioned 
i t era t ive problem i s reached, at which time the calculation proceeds 
to the next partitioned problem for i terat ion . Only after a complete 
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sweep has been aade of a l l the space-energy aesh points i s an oute i -
i terat ion completed and a new es t iaa te aade of the eigenvalue of the 
problea 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 forward-backward sweep 
to solve a tri-diagonal aatrix with s iap le coupling); source terns are 
held fixed as are flux values along adjacent rows. 

Material. A aaterial i s considered to be hoaogeneous and have 
nuclear properties which are proportional co individual nuclide den­
s i t i e s and additive in the usual sense. See Zone. 

Outer-Iteration. A coaplete s**eep of the aesh points; that i s , the 
equations for each unknown flux value have been solved, individually, at. 
l eas t once (aore than once with inner- i terat ion) . 

Qverrelaxation. The newly calculated value of each dependent 
variable i s driven in the direction of the change between i terat ions to 
accelerate the i terat ive process, and these overrelaxed, i t erate values 
of Che flux are used at la tes t values during an inner- or outer- i terat ion. 

Predominant Error Mode. Contributions i.o the error in i t erate flux 
es t iaa te are doainated by one or two error vectors, usually those having 
the largest eigenvalues. Contributions fro* the others have decayed 
and therefore have but l i t t l e influence on the changes in point flux 
values with i terat ion; they tend to aove in a s ingle node. 

Production Cross Section. This i s used to aean the product of the 
cross section for f i ss ion and the nuaber of neutrons produced by the 
f i ss ion reaction, e ither in a aacroscopic or a microscopic sense, e . g . , 
V I- * V ( I , ) . 
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Kate 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 chance by a factor of e 
or to reduce the absolute error by a factor of e. 

Region. A volume containing mesh points which are located at the 
geometric centroids of finite-difference volume elements of equal volume. 

Removal Cross Section (I t). This is used as the sum of all cross 
sections for removal of neutrons from the energy of interest including 
absorption (sink) and out-of-energy scatter. 

Residue. The equation used for solution of an unknown (point neutron 
balance) is rearranged with all terms on one side and the result 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 Geometry. This refers to the cartesian coordinate system with 
orthogonal 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 cirae 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 nuclide concen­
trations). 
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Appendix A: CROSS-SECTION PROCESSOR CODE BLOCK 

Presented herein is priaary documentation of a code block designed 
to process Microscopic cross-section data. For example, it will convert 
a nuclide-ordered ISOTXS file to a group-ordered CRUPXS file as would 
usually be required before the VENTURE neutronics code could be used. 
Locally we call this code block CasSandraPiC. The following item are 
covered: 

Al. Code Block Specifications 

A2. Tasks Performed and Order of Performance 

A3. Computer Requirements 

A4. Use of Logical Data Storage Units and Interface Files 

AS. Code Structure and Subroutine Referencing 

A6. File Specifications, VERSION-III for cross sections 
excluding an extended blocking of the principal 
cross sections in CRUPXS, and the special code block 
dependent interface file CXSPRR 

A-l 
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Code Hock Specification 

Code Hock - Sroad Croup Microscopic Cross Section Processor 

l a s i c Functions -

1. Convert a Microscopic library order by nuclide to a Microscopic 
library ordered by group - going froa one standard interface 
foraat to another. As an option, a second nuclide-ordered 
library consistent with the group-ordered f i l e any be generated. 

2 . Provides s e l e c t i v i t y to c l ia inate extraneous data. 

3. Provides f l e x i b i l i t y to co l l ec t data for isotopes or other 
• ixtures as desired. 

4. Provides for adding l ibraries ( f i l e s ) together, as well a* 
se lec t ing data fron two or More nuclide-ordered f i l e s . 

(not done) 5. Provides for basic integrals (reaction rates) over energy of 
principal cross sections to t e s t data. 

6. Provides for condensation of such data as x v 0

f (g"*s') for s i s p l e 
treatRent. 

7. Provides for user input of data to override that in the library 
in short, se lec t data blocks as well as ful l data for additional 
nuclides. 

8. Provides at least elenentary capability for converting data 
from old formats. 

* j * . A « * *H> * 
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Energy Croups - 1 to 1,000, but fully variably dimensioned. 

nuclides - 1 to 500, but fully variably dimensioned. 

Legendre Order - Provision through order 20. 

Library Protection and Recovery 

Care and some sacrifice in efficiency is to be taken to protect 
libraries. Reasonable tests are to be made to insure integrity of data. 
Full recovery is normally possible when old libraries arc preserved and 
the nature of failure is made known. Even the possibility of mis rader-
standing of procedures on the part of the production user is to be taken 
into account. 

Edits - Mot under user option: 

1. Description of what was 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. 

Special 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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•. Select data to override that la the library. 

5. nuclide data for adding to the library. 

6. A broad-group neutron flux spectrum for integrals and for con­
densing such data as xvof(g-*g')-

Data Conversion -

a Initially only siaple CITATUM cross-section data, eleaentary U K , 
and basic LASL S a form* of data are to be converted to the nuclide-

n 
ordered standard interface data file as needed at several installations 
to support methods development effort. 

Programming Mote -

It i s noted that direct-access techniques must be used to permit 

e f f i c i ent data processing. 

Interface Data F i l e s -

Used Generated 

ISOTXS GRUPXS 
(ISOTXS) 

Not done. 
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Tasks Perforaed 

A priaary fauction of the code i s to coavert a auclide-ordered 
cross-sect ion iaterface f i l e (ISOTXS) to a group-ordered cross-section 
interface f i l e (CUTIS). 

Additional function* include creating a nuclide-ordered f i l e fron 
the (MB. CITATIOB code cross-sect ion format, updating an exist ing nuclide-
ordered f i l e , or eergiag two ex i s t ing nuclide-ordered f i l e s . Each of 
these functions nay, on option, eliminate selected nuclides or replace 
certain date (for example, Hollerith nanes) for a nuclide. 

The capability for creating nuclide mixtures i s a lso available. I t 
i s possible to generate a conplete se t of macroscopic data in the nuclide 
ordered format. Any nuclide used i n a aixture w i l l be excluded from the 
resulting interface f i l e . 

I 
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ISTAWI 

Process interface t i l e C0STW. for 
records labeled XCPIMS and DVUNS 

J IX(S).EQ.O Update 
IS#TXS 

J laVat: 

CXSrtt version n 
IS0TZS version n kj 
Output: 
ISfTXS version u+1 

I t V-

o s 

s 
CM 

O 
a 

« 

o 
3 
X 

IX(5).EQ.l 
Convert CITAT10W 
to ISflXS 

• 

Input: 
CXSPIE. version n 
CITATION 
Output: 
ISdTXS version n 

Create Mixtures 1 
Input: 
CXSPRR version n 
IS0TXS version n 
Output: 
IS0TXS version n+l * 

Edit IS0TXS 
Input: 
IS0TXS version n 

Convert ISpTXS 
to GRUPXS 
Input: 
IS0TXS version n 
Output: 
GRUPXS version n 

Edit GRUPXs 
Input: 
GRUPXS version n 

I 
\WD] 

1 IX(5).EQ.2 Mercs two 
IS#TXS 
Input: 
CXSP1R version n 
IS0IXS version n-1 
1S#TXS version n 
output: 
ISfTXS version n+1 J 

•Note 
"version n" refers to the 
current Istest version at 
that stage of processing. 



A3-1 

here. 

Coaputcr Requirenents 

Ihe requirements of th is code on an IBM-360/370 machine are given 

Core Storage (4-byte words) 
Allocation to Without Overlay With Overlay 

Progran 33K 14K 
System Routines 7K 7K 
Data 10K 10K 
Typical Buffers 9K 9K 

Total 59K 40K 
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Use of Logical Data Storage Units and Interface Fi les 

The use of log ical units and interface f i l e s for each task i s 
presented here. Unit nuabers shown are for stand-alone operation as 
implemented. 

Always Required 

ITRL (A) C0NTRL 10 

IS0TXS to IS0TXS (Update) 

I0UT standard output 6 
ICXS (A) CXSPRR 30 
ICIT (A) input IS0TXS 32 
IS#T (B) output IS0TXS 34 
ISCR scratch 45 

CITATI0N to IS0TXS (Create) 

I0UT standard output 6 
ICXS (A) CXSPRR 30 
ICIT CITATI0N 8 
IS0T (D) output IS0TXS 32 
ISCR scratch 45 

IS#TXS + IS0TXS to IS#TXS (Merge) 
I0UT standard output 
ICXS (A) CXSPRR 
ICIT (C) primary input IS0TXS 
I0TH (A) 

IS0T (B) 
ISCR 

secondary input 
IS0TXS 

output IS0TXS 
scratch 

10 (stand-alone unit , 
typical) 

6 
30 
31 

32 

34 

45 
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IS#TXS to IS#TXS (Create Mixtures) 

I0UT standard output 6 
ICXS (A) CXSPRR 30 
ICIT (A) input IS0TXS 32 or 34 
IS0T (B) output IS#TXS 34 or 35 
ISCR scratch 45 
ISC2 scratch 46 
IDA3 scratch 

(direct access) 23 

EDIT IS0TXS 

I0UT standard output 6 
IS0T (A) IS0TXS 32 or 34 or 35 

IS0TXS to GRUFXS 

I0UT standard output 6 
IS*T (A) IS0TXS 32 or 34 or 35 
IGRU (D) GRUPXS 11 
ISCR scratch 45 
I DAI scratch 

(direct access) 27 
IDA2 scratch 

(direct access) 24 

EDIT GRUPXS 

I0UT 

IGRU (A) 

standard output 

GRUPXS 

6 
11 

Motes: 

(A) Asks SEEK for latest version to read. 
(B) Asks SEEK for a new version to wrlt'j. 
(C) Asks SEEK for the next to the latest version to re* 1. 
(D) Asks SEEK for the latest version to write, if none available, 

asks SEEK for a new version to write. 
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IJPOrMTIOP iBOlT SIB'OOTtll'S 

c 
c 
c 

CPOSS s 'cr ia i PROCESSOR S0PPOO-I** cacss-:»E*E*»icT»6 
c 
c 
c 

SP?»0«IT!IE • • • • • • • • • • • • • • • • CALLED S0ft*OV?IS3 • • • • • • • • • • • • • • • • • • • • • 
c 
c cnm. 
c C7I1 CTX2 C T I 1 3SED ST fit 
c CTI2 CHOt RCRR I3TP PPF5 RITE 1ST! 
c C T t l UEZJ 
c 3XS1 cxsi REED SEEK 
f+ . ? i s? PEIJ IlET 
c ncn* 
c m i TTI2 REED S»2* 
r I T I 2 •cue IST3 BPCB PEID RITE RSTI 
c rxsi TIS2 PEED SEEK 
c I I 5 2 ISTJ PEED I LEI 
c m i DO PC ISCI i sen 
c ITXC FEES 
c « E 1 HI 12 R»BD S»EK 
c mi nop; •CM ISTR BIIC RII3 mx« m i s 
c •PCi • BED PIT* XORD 
c SI 13 1ST* 1PCR B»ED RITE RSTI IORD 
c H i t * TST2 RPBD RITE iSTI 
c 1115 •pc a REBt RITE STCR IOI!» 
c 1211 1212 REED S"^5 
c 1212 HCHtf ISTR K*C5 REfP SITE SSTI 
c ipca 
c TPLR c m 6IS1 ITI1 I IS1 m i •1211 ISCI 
c ILEI 
c i o m 
c ISCI p»n REED SEEK sww 
c IS CO OOP J to t / IOIT TPtP P89COP CETCOI 
c ISCI DOP* REED SEER ISC2 
c XSC2 ni3 RT*B RSTI STW XORD ISC3 ISC* 
c ISC* 
c ISCI ISTi REED RITE 
c isc« HCH< REED RITE 10 ID 
c 
c 

ISC* 1ST* REED RITE •STT 

c 
c 
c 
c 
c 
c 

CROSS SECTXJII PROCESSOR SP MOOT I IE CRCSS-REPEBSICIIG 
c 
c 
c 
c 
c 
c 

S0BR00TI1E * • • • • • • • • • • • • • CALLED PROB SOBPODTXRE • • * « • • • • • • * • • • • • • • 

c 
c 
c 
c 
c 
c cnot CTI2 
c C7I1 TRL4 
c CTI2 CTI1 
c CTI1 CTTI 

fCOlT) 
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c to PC a m «ii2 ISCI i s o 
C FEM ISCI 
c isicoa iscc 
C CZTCCB 1SCB 
c cisi m s 
C 5IS2 6XS1 
C r » CTIi ITI2 SIJ2 P2I2 ISC* 
C ISIS CTIi ITI2 I I S 2 RX12 I I 1 3 (III* "212 
C ISC i ISC* 
C ZTZ1 l l l i 
C ITI2 I T U 
C I IS1 t i l * 
C IIS? IIS1 
C M I S 
c HIIC i n ; 
C B i l l T i l t 
C S I I 2 M i l 
c PI 13 nn 
C Mil* " H i 
c HI is mi 
C <I2I1 T t l i 
C M I 2 P2I1 
C »?C3 I T I i DII2 HI 13 H >*> *2t2 
C BBSS CTIl CTI2 CTI- CISI GIS2 ITII ITI2 
C IIS1 IIS2 « > C M>1 "112 RII3 * I I * 
C e i l 5 S2I1 R2I2 ISCI I S O ISC2 ISC3 
C ISC4 ISCS 
C M I * CTIi ITI2 «?II2 r i I 3 BTI4 BUS H2I2 
c >sci isc3 isc* isc* 
C 3 0 H ISCI 
C H i l l ISC8 
C 3311 CTIi I1T2 1TI3 PI>» W I 2 ISC2 XSCS 
C S2M CTII 0IS1 r*I1 l i s t «III1 1211 ISCI 
C ISCI 
c sun ISCI 
C STC' H i * ISC2 
c rai? iscc 
C U » ! SISi IIS2 
c xosn * n i n m "i>5 ISC2 ISC* 
C ISCI P»I» 
c iscn <»*i» 
C ISCI T3! i 
c xsc: isci 
C I5C3 ISCi 
C XSC* <SCi 
C I 3 C T ISCi 

ICOTJ 
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SXFFIE CfEfllY S1FBCTBFE FCF CBOSS SECTIOB PBOCESSO* 

HUB 
BSCI 
ISCB 
IBIS 
•cm 
BFCF 
IOFI 
YLEI 
ECIC.VOIT) LI9BABT 
RtTEftEECFCII) LTBBAFT 
SFIB L:BBABY 
STCF LIBfiAFY 
ISTF LIBBABI 
«»S1I LIBFAFY 
SVtf LIB9ABY 
F»FF LIBFAFT 
CFTCOF LIBRABT 
FSECOF LIBFAFY 
DEFILE LIBRA3Y 
CICSDA LIEFAFY 

• 
• 

ITI1 
IT'.i 

• 
CTI1 
CTli 
CTIi 
CHCl 

H2I1 
B2I2 

• 
H i l l 
HTI2 
R I D 
HTIC 
«l T M 
mi'. 

JIM 
1152 

• 
ISO 
I5C2 
ISO 
i«c« 
xscs 

CIS1 
GIS2 

BOR-STAJCA3C 30BROCTIBE OSAGE TB CKSS SEC1XCB FiCCESSC* 

CEFTLZ 

CLCSCA 

(CALLED FFOF CCFC) f S ' r F E l ' * IARGBAGE SCOT IS* 
3SFC TC CFEB II9ECT ACCESS FILFS - 9SPLACE5 THE 
ZM DEEIBE FILE STUTFFfBT 
(CALLED FFOH DCPC) A«5*FE1?> IARSOAGE JCBTIBS 
1SEC TO CLOSE CIF5CT ICCES3 FILE* 0FEBE3 
HUH CEEIIF 

S Z T C C R / ' F E C C F ; C A L I E C EFOH ISCC) » 5 « 5 » E I * R i n n o t s " BOOIXB^S 
1SED IC PISAmCAllY AIICOT? MC FEtEASE FAX* 
Cn?E STCFFGE 
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Appendix B: CODE BLOCK TO CALCULATE REACTION RATES, ETC. 

This code block produces reaction rate integrals by nuclide, certain 
suamary 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 nodule in the code system requiring less than 50K 
words total memory usually. File co—unication is compatible with VENTURE. 
Basic control parameters are indicated in the specifications for the COKTRL 
file in the body of this report. 

It is intended that this code block perfont a variety of tasks on 
demand, independent of the neutronics model applied, using cross sections 
and nuclide concentrations from the files used by the neutron.' rs codes 
and flux data produced by neutronics 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-1. 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 OP T K VDROtE AMD RELATED OOHS 

Tha VENTURE coda is structured as a anemia for uaa ia a commutation 
system along with othar coda*. Locally, a standard Input processor, the 
crasa sactian processicg coda (Appendix A), tha enaction rata coda (Appen­
dix I), and apacial input data procasaors ara asad. Typically, microscopic 
croaa saction data must ba converted from a nacllda ordnrad fila, ISOTB, 
to ana ia which tha data is ordarod by aaatroa group, C U K 3 , by tha cross 
saction procasaor. To prodaca aach inforaatioa as integral reaction rates 
by recline, tha raactior rata aadwla aast ba asad. 

For any iapleaentatioa of tha VEnTURE coda, soaa acheae of access 
oust ba used. A atand alone version of aalectad coda blocks can easily 
be implemented, although there would be obvious linitations, especially 
regarding extensions. A prianry objective of thia effort was to produce 
codes which could readily be introduced into a systan for conpwtation 
basically coapatible with general inter-installation ground rules. Thus 
these codes do not read user input data upon access, rather files con­
taining the necessary data and instructions aust have bean generated prior 
to the code access. Data interfacing between codes is through well-
defined data files. 

For p-.-oduction application locally, a driver code is used to access 
the coda blocks as instructed by the user. This saction of the documen­
tation describes tht code aet and a siaple driver used routinely and its 
input data requirements. Also discussed sra detailed instructions on 
running VEVTURE locally on tha 1111-360/91 and UM-360/195 coaputera. The 
driver routines are shown at the end of this Appandix in Table C-6. 

The Code Sat 

BOLD VENTURE is the nana of a partitioned data sat for tha IBM-360 
computers which contain independent nuclear codas stored as separata load 
nodules. Any of these nay be brought into aaaory by a suitable driver 
and executed. The sequence of execution is limited only by data cosauclca-
tion requirements. The schema and form of user data input to the implemented 
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driver was chosen to allow general application of VEXTUIE and associated 
codes on a production basis, locally and via remote terminals. Additional 
code blocks arc being phased into the set and the driver functions ex­
panded to add sophistication and provide interface data file management 
capability. 

Driver Input 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 Card (Format 12A6): 
This is the run title card and is printed along with other edited 

output from each code accessed. 

The Option Card (Format 916,613): 
In the following description of each individual number, the card 

columns are shown in parenthesis following each name and any default 
values are shown in parenthesis following the description. 

IP1(1-6)-Memory allocation of the primary container arra> tor the 
variably dimensional data of each code, 4-byte words, 
(040000). 

IP2(7-12)-Memory allocation of secondary container array (000000). 
IP3(13-18)-Memory allocation of a tertiary container array (000000). 
IP4(19-24)-Maxinum block size for direct access data files, 4-byte 

words, (7200). 
IP5(25-30)-Total computer central processor time allowed for the run 

(tested prior to any code access). Minutes (5). 

IP6(31-36)-
IP7(37-42)-
IP8(43-48)-
IP9(49-54)-

IP10O5-57)-
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IF1KS8-60)-Stand-alone flag 
O-codes are accessed in a true aodular code set environ-

1-codes are accessed as if each were a «tand-alone code. 
IP12(61-63)-
IP13(64-6*)-If >0, the SFFJC fables will be ir.itilized prior to each 

access of the standard input processor code. 
IP14(67-69)-Debug flag, if >0, th. SEEK tables will be printed after 

each code access. 
IPl5(70-72)-

The Path Cards (Format 2*13): 
Each code in the set is assigned an integer number and they are ac­

cessed by the driver in the order in which their identifying number ap­
pears on these cards. A maximum of 96 entries may be specified. This 
referencing, which must be known to the user, i-** assigned as follows: 

* - The standard input data processor which generates the Standard 
Interface data files (see Section 204). 

2 - Special processors discussed below. 
6 - The cross section processor code. 
7 - The VENTURE neutronics code. 
9 - The reaction rate calculation code. 

A blank entry signals the end of this 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 
1 6 - 7 9 0 . 

Special processors are allowed in the BOLD VENTURE code set. These 
codes may read user input in any format (described elsewhere) 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 .i name (Format A6) 
in the input data stream. Following this special identification card 
must be any input data required by that processor. The following names 

aIbid., p.403-1. 
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identify special processors which are in production use: 
DCHACR - Reads CITATION format Macroscopic cross sections and writes 

a pseudo CITATION format microscopic cross section file. 
DCRSPR - Reads input data tc generate the files CONTRL (Section 204) 

am. CXSPRR (Appendix A) required by the cross section pro­
cessor code. 

DVEiTR - Reads input data to generate the necessary interface files 
required by VENTURE (see Section 104), excluding cross 
sections (ISOTXS or CRUPXS file required). 

DUTLIN - Reads input data to generate the file CONTRL required by 
the reaction 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 CRUPXS file, use the 
special processor DVENTR to write the files needed by VENTURE, and finally 
execute VENTURE. The Path card supplied to the driver would rontain 
1 2 6 2 7 0, and the input stream would contain: 

1. Driver instructions 
2. ISOTXS data to be read by the standard input processor 
3. The DCRSPR card followed by input for this processor 
4. The DVENTR card followed by input for this processor 

Running VENTURE on the IBM-360/91 (OREL) 

The first part of this discussion describes running VENTURE on the IBM-
360/91 computer located at the ORNL site. A discussion of running VENTURE 
on the IBM-360/195 computer located at the ORDCP site starts on page C-22. 

Job Control Cards 

The IEM-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 automatically at 
run time. To execute the code, Figure C-l 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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d isc i ss ion following. Also, no blank cards arv p e m l t t e d ; the ones shown 
are for c lar i ty only. The user should read the notes carefully to under­
stand how to use the VENTURE code. 

Note: 
(1) The parameters UIO, X, Y, ZZZ, CUAtC, and the contents of col tarns 

38-57 are job and user dependent and are described below. 

UID - This i s the users' ident i f icat ion and i s assigned by the 
computer dispatcher (see Services below). 

X - Any one d ig i t nunber or l e t t e r . 
Y - This i s the job "class" (two places on the card) and i s 

e i ther D, E, F, or G as shown in the following table . 

Class , . » J 1 " legion S i z e < a ) . T T L Limit (nin) * Required 

D > 5 > S40K No 

E <_ 5 <_ 540* Yes 
F > 5 > 540* Yes 

G < 0 . 5 1 270* Yes 

The operating systca automatically terminates c lass E 
and c lass G jobs i f they exceed the CP t ine shown. Class 
D and F jobs are terminated at the discretion of the 
computer operator i f they exceed e i ther CP t ine or 
estimated wall clrck t ine (see Estimated Tine below). 

ZZZ - This i s the expected CP t ine in minutes and i s discussed 
below under Estimated Time. 

CHARC - This i s the users' charge number (see Services below). 
Col. 38-57 - This i s the users' address and name and spec i f ies where 

the job output i s to be sent . If the job i s submitted 
through the FDP-10 by a remote terminal, columns 38-40 
may be used to direct the output to the remote terminal 
printer. This parameter i t GEC for the G.E. terminal 

aSce Note (4) below. 
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rijoar c-i. co*r«o;. CABCS FOB BOBBIES fsaraaz OB TBB J » « / 9 1 . 
BOTE 

//BXMTZZZ JOB |CaA«f . . .V« .« l>ae . .1 | . > ABBZS.BAaB COL )B-*7*,CLASS*I. «1| 
/ / Tf?RB»*BOLO. 
/ / RSCLEVU.*(1.1> 
/•30BTE IBIBT LOCAL | 2 | 
/ /STEP SIEC VEBTBBEZ. 
/ / •B l«1 .BB2*1 .B1«JS2v . i4*J2J0a .BE*5C.BS*S« ,B l* ia0 . f* 
/ / • 2 * 1 . B 3 « l , B « > 1 # B S * 1 . B » « 1 . B T s | > a B * 1 . B * * l > B 1 0 > 1 . B l l « 1 . B l 2 x 1 . B 1 ) * l , | 3 | 
/ / BI«*1 .B1S*1 .B1**I . (J) 
/ / BABB.rOBT«*BOaECBvBJLIST.BOSOaBCE,BGaAr,aOiaEF*. 
/ / RECIOB.SO«43B« (*) 
//rOAT.STSIB BB • 
/ • 
//LCtO.BfCBIfEK BB 0BIT*/JI» .*0L0BE*SB»«Wi«2, i>ISF*SBa. 
/ / B5BABE*TBF.aOU>.fEBTB*E.»BIfU 
//LKEB.STSIB OB • 

XBCLBBE BtBBXfEB 
/ • 
/ / C O . m i F O O l BB lMXT>tArK»,VOL88B*»BB*11,LABBl«|.BL| vBISB*OLB, | S | 
/ / BCB-{BSCra-TBS #LBB:L«<«BUISIXS«3S20| (W 
/ / C O . EXIXXUE BB BBXT*2J1«#VOL*SEB*ZE2222,BISf'*SaB, 
/ / BSaAaE>T9r.BOLd.f(BTBBB 
/ / C O . PT0«F001 OB B*IT--TArfc7.WOL8aE»SEB«0».LABEL*(,BL) , B I S f * O U v (4) 
/ / DCB*tBEB«2 vTRTCtfsBr.fttCra*FBS vUECL*M.BLBSBB*J200| I*) 
/ / C O . m t F O O l BB B»IT*r*r»,fOLBBE*$E**1t.LABELM # BL),»ISr~Ci.;>, (7 | 
/ / BCB*fBECm*VBS.LBB=L«I,aL»IZB*]S20l f7 | 
/ / C O . FTMFO01 BB • 

(S) 
• • • • • • • • • • • • • • • t n r B B E BOB BBB9BB 1 - 1/ V75»»«*»»**»*»*»»» f») 
AAAAAA XEt (!) 

2 7 2 7 0 (*) 

OVERTB (9) 
ORREHt**»**fEBT«BS CASE I HUT BETA COBS BEBE. (10) 
CBBIBBBT (Ml 

BFBBTB m 
CORRZRT*""WEBTOBS CASE IBtBT BATA GOBS BERB. (10) 
BBBXBBBT (11) 
/ • 
/ / 
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located at Sunnyvale, California. iSee also note (2) 

below). A typical card aight be 

//SCC1FO40 JOB (00001, , ,99.9000, , 1),'GECSUNIYVALE S.CRICK', CLASS-F, 

where a f i c t i t i o u s charge number i s shown. 

(2) This card i s optional. If i t i s present, i t spec i f ies that the 

job output i s to be printed at the computer and overrides the 

destination specif ied by column* 32-40 on rhe f i r s t card. For remote 

terminals connected direct ly co the IBM 360/91, this card nay be 

used to direct the job output to that remote terminal. I t would 

have the form 

/*B0tnE PRIST REMDTEn 
where n is the remote terminal somber. 

(3) These parameters are problem dependent and are discussed under 
Problem) Dependent Parameters below. 

(4) The parameter BBS (maximum 1536) specifies the maximum number of 
bytes of core storage (in K * 1024 bytes) allowed for the *ob. For 
running VENTURE 
BBBaA ( AAAAAA) /1000+ 300 
where AAAAAA is the size of the VENTURE data container array (see 
note 9 below). It is important that this number not be much larger 
than that required for the Job. (See discussion in last paragraph 
under Comments below.) 

(5) Any card* included here are optional. They identify logical 1/0 
unit numbers and override those defined in the catalogued procedure 
(Figure C-4). If included, the cards must be placed in the deck so that 
the logical unit numbers are in ascending order. SeeeSection 204-1 for 
a complete description of the 1/0 units required to run VENTURE. 

Logical unit number 11 is the GRUPXS interface data set. It may 
previously have been written, or it may be written during this run 
depending upon .nstructions to the driver program (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 CtUPXS interface 
data set if made this run would not be saved. The cards shown define 
this data set as a non-labeled 9~track Binary tape. If the GRL'PXS 
interface data set had previously been written ar.d saved on a -iisk. 
the cards night have the following forms, where disk is used, not 

generally available. 

//CO.FT11F001 DD UX1T«2314.VOUME-SEK-ZX1111.DISP-(SHR,KEEP). 
// DCB-(RECF?»-VBS1>LRECL-X,BUCSIZE-3500,Bin«O-l), 
// DSNAHE-TBF.GE.MACROS.XI7CR 
Here the data set resides on a 2314 disk unit, number ZX1IU. and 
vhe data set n.-me is as shown on the last card. If a CRUPX 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 
I/O 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 option) at the 
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 BPI. even parity, eacn logical 
records 80 characters long, blocked at 3200 characters per block 
(actual record length). 

v7) Logical unit number 16 is reserved to contain data for restart, the 
RSTRTR file. This data set is required 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. 

If more than one stacked case is being run, this data would only be 
saved for Che last case. 
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(8) No blank cards are allowed in the input s t r e w (except in the input 

data decks). The blanks shown here are for c lar i ty only. 

(9) These cards are driver instruction cards and are described in Appendix 

C. In this example it i s assumed that a CRLTXS f i l e ex i s t s (see note 

3 above). The number AAAAAA i s the s i r e of the VENTURE data container 

art a y . 

( 1 0 ) VESTURE case input d a t ? . This input data i s described in the docu-

M ^ , ISPLT DATA mayiMMSTS FOR VESTURE. 

(11) A card with BDKKY. punched in c o l u « s 1-8. i s required following 

* * input data for each input processor, including that for the star.-

card input processor. 

Problem-Dependent Parameters 

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 NB1, NB2, Bl, B2, XX, SS, and Nl 
through H15 in Che catalogued procedure, Figure C-4. They are specified 
at run time by assigning values, note (3) in Figure C-l. 

Bl and B2 are the size (limited to 32000) of core memory blocks into 
which data are read. The larger this block size the fewer are the I/O 
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. NB1 and NB2 (permissible values of 1 or 2) 
specify the number of buffers (number of blocks or size Bl or B2) of 
core neuurv into which data will be stored. 

»e recommend specifying NB1 » 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 
minimizes core memory requirements. 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 column, in the sjesh 
R * nusber of rows in the mesh 
P • nusber of planes in the me»h 
C » nusber of energy groups 
Z * nusber of zones 

and MM - [(110+1.1L)MJ/B + 1 
where KM i s the value assigned to N2 through H16, and L, H, and B are 
given in Figure C-2. A value of 100 i s recommended for Ml. 

I f MM times B exceeds about 14,500,000 (unlikely except for M3 and 
M5), special dean disks Bust be used for the data s e t ; in th i s case , con­
tact the authors for d e t a i l s . 

For a "plane-stored" non-hexagonal problem with 48 coloans, 22-rows, 
16 planes, and 6 groups, M2-257, N3-1210, H4-310, N W 1 3 , K6-10, M7-5, 
M8-5, M9-100, M10-43, MLl-54, N12-1, N1>1 , M14-1, N15-1, and N16-1. 
Larger values could be used for these parameters, but computer resources 
w i l l be wasted, and run costs l i k e l y increased. 

Estimated Tine 

The central processor (CP) time and wall clock times (see Job Card 
below) depend upon the problem s i z e and the data handling mode of calcu­
la t ion . Large "fast-reactor," three-dimensional problems running in the 
"plane-stored" mode are solved at a rate of about 100 space-energy points 
p c second CP time. Wall clock time i s 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 i t e r a ­
tions required 12.5 minutes CP time and 86 minutes wall clock time. A 
48x22x16x17 group problem (287,232 space energy points) required 60 minutes 
CP time and 7 hours wall clock time. Reflected "thermal-reactor" problems 
usually require somewhat longer to . so lve . 

For problems which run in the "all-stored" mode or "mesh-stored" mode, 
the wall clock time i s much I M I re lat ive to the CP time. 
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Figure C-2. Determining the Values of L, K, and B 

For L N B Bfarks 

I 
i 

N2 8CE 
8C 

! 

RFC 
Bl 
Bl 

i 

Noraally. 
If perturbation calculations 
are to be done. 

N3 

36C+4 
UCJ-12 RPB Bl 

Set S > 1 except for the "rev-
stored" aode (see Section 103), ; 
or i f perturbation calculations : 

are to be done. 
Bon-hexagonal geonetry. 
Hexagonal geoaetry. 

N4 8CR 
4Z 

PC 
C 

Bl 

w 1 
Set N4-1 except for fixed source ; 
p rob l e a s . 
Fixed source by point and group. 
Fixed source by tone and group. 

K5 4(tCR+CH0 
4(9CR+2C+2R) 

PC B2 

Set S5-1 for die "row-stored" 
node only. 
Non-hexagonal geoaetry. 
Hexagonal geovetry. 

N6 Set N6-10. 
N7 8CR P B2 
N8 8CR P B2 

K9 SCR P Bl 
N10 SCR P 

PC Bl 
Nornelly. 
If i n i t i a l f lux guess i s to be 
read froa RTFLUX interface and 
to be expanded. 

Nil 8C RP Bl 
N12 Set M12-1. 

N13 
8CR P Bl 

Set N13-1 unless the power den­
s i ty Interface PWDINT w i l l be 
written. 
For writing the interface 
PWDINT. 

N14 
8CR PC Bl 

Set N14-1 unless the P, calcula­
tion i s to be done. 
For the P. calculation; 

N15 Set N15-10. 

N16 8CR PC Bl 
Noraally N16-1. 
If the standard flux interfaces 
RTFLUX and/or ATFLUX are to be 
written on scratch disk. 
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Job Submission Font 
A job submission form must accompany each job submitted. This fora 

is either sent to the dispatcher with the job deck, or called in to the 
dispatcher for jobs submitted froa remote terminals. (See Services below 
for phone numbers, etc.) Figure C-3 shows a job submission form that 
might »o with the job shown in Figure C-l. 

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-500K. The Job Number, Charge, and 
Maximum Execution Time are explained in note (1) abovt 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 conr.ro! 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-OMt 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. 
Save - If checked, the tape will be saved. 
Saved Reel Number - If POOL and SAVE are written, the tape will 

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 means the tape cannot be written on. 
If N is checked, this means the tape can bi> 
written on. 

7 or 9 track - Generally formatted tapes which may be read by 
other computers than the IBM-360 are designated 
as 7 track. Binary tapes are normally 9 track. 

http://conr.ro


Figure C-3. Typical Job Subalsalon Fora 
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One mountable disk is required for running VEHTvlE. It is numbered ZX2222 
and nust be written as shown in the figure. 

In the remarks columns, write I/O Bound and show the expected wall 
clock tine. For snail problems running in the "all stored*1 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 ORML, some comments may be useful. 

Several jobs normally are executing in the computer at the same time, 
each competing 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, I/O is minimized 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 to be stored and the 
region size is about 500K. (The number of planes stored is independent 
of the number of energy groups.) A 48x44x32 mash 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. 

•www***'' 
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He suggest that a new user of VENTURE run a first case for only one 
iteration (specified by input) to not only check out the job control 
care's, Input data, etc., but also to obtain the container data array 
requirements for all nodes and the region size requirements. This first 
run should be made to do all the calculations (i.e., neutron balance) 
that the production run 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 OWL computer facilites (hardware and 
software) refer to the ORRL 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. Issuing the Jobname initials which are required for use of the 

IBM/360 computers. 
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ricoas c-«, CAT* LOCOES joa COBTBOL CABOS. 
//7ESTQ3BX PaOC CL5UE*270K.LKSZXC~1SOKVCOSIZE*S«OK.GOTI8E*. 
/ / B31*1.BB2*1,ai*)S.M.B4*320OO.BX*2.BS*S0.B1*100, 
/ / B2*1 .BJ*1 # B«*1 . IS*1 .»* *1 ,B7*1 .B* -1 ,B9*1 .B10*1 .B11*1 .B12*1 .BIJ*1 . 
/ / 014*1.B1S*1.Bl»*1 
//POET Eiec KB*1ERAA00#B2CICB*CCLSIZE 
//ST3LIB 00 D$B*ML3AB*ST.OBIT*SlSOA.STACE*(aOO,(*00.20).BLSE>, 
/ / ois?*(sdD.Tk$st .oca*(Bi«:PB*ra.i>B*CL*oo.»'.«sizs*a60) 
/ / S T S P B I B T oc sfso«T*a >oca*aLKszzE«itod 
/ / S T S T O B C B oc sis)OT*a 
//STSSIT2 00 OBXr*SISDA.STACE*(102«.t)a. 101) 
/ / L I E D EXTC pca*ZEi i i . .naa**ofLT | .aEcioi*»LRSiZE. 
/ / o a o - i S . L T . r o i T i 
/ / S T S U B DO osa*^isi . roaTLxa.DUP*saa 
/ / oc 05a*sr»i . i .33U>*axs»*saa 
/ / S I S U I DO DiMttfeOADStr.DISP* (OLD. DELETE) 
/ / OC Dtf9AaK*SISIB 
/ / S T S U O O OB Dsa*MpjoaLta iaoLi>D.8«iT-s«saa v oisr* (aE>.pas5) , 
/ / SPACE* (3072. (50,10,1) ,ELSE) 
//SYSTBXBT DO STS)BT*A.DCB*BLKSXZE*60S 
//STS0T1 00 OBXT*(STSOA.SEP*(STSLXB.STSUOD)) .STACE* 13072, (50, 10)) 
//tfO EXEC TCa*BOL0*,COBD*(|5,lT,rOBTt,(S.lT,LK2D|) . 
/ / af6X0B*c«osixz»Tiat*tcarxBE 
//STEPLIB DC BSB*t*PJ0»LIB,DISP*(OU>,0ELETE) 
/ /PT01P001 CD SIS3BT*A.DCB*fBRCPB*VEA,UECL*137,aUSXZE*li00) 
//PT02P001 DO SISOOT*A.iiCa*fB*CPa*YBA,LBECL*137,BUSIZE*tlOO) 
/ /PT0 3P001 DC OBIT* iTSDA,STACE* (SO, (10) ),DCBMBECrB*F,aLKS:ZE-aO) 
//PTOSP001 DO OBIT*SISDA,STACE*<aO,C*000.1000)), 
/ / OCa- (BECP**P.B«raO*1,UECL*SO,BUSZZE*aO) 
//PT06P001 DO S»S3BT*A,DCB*(BECPB*fBA,LlECL* 137, B U S K S * 1100) 
/ / r r o a r o o i DD 0BiT*s*&>A.sTACE*etai , (SBi,2>), 
/ / OCB- fkZCPBM BST,L«ECL*I,BarBO**8B1.BLXSIZE-»Bl) 
/ /FT04P00I OD OBIT*SfSM,SPACB-<«ai, (SBS, I t ) , 
/ / Bca*raBcrR*fasT,uECL*x,BBPBo*SBai , B L K S I X E * ( B I ) 
//PT10P001 DD aBlt*SliBA.SPACE*<CB1, (EBS.1)) . 
/ / DCa* |BCCPB*f BST,LBBCL*X.BBFB0«*BB1,DLXSIXE*SB1) 
//PT11P001 OC OBIT*SY:»DA,STACK* (SB1,( tB1,SEX)) , 
/ / OCB* (BECPB*rBST,I.IECL*X,SDPB0*tBB1 ,BL*SIZE*SB1) 
/ /PT12P00I DD QBIT*SYSDA,STACK*(tBl, ( S B t , t B I | ) , 
/ / oca* (accra*f BST.uxcL*x .aorao«*M I , B L E S Z Z E * * B I ) 
/ /PT13F001 DO OBXT*STSOA,STACE-((B1,(SB1,2)), 
/ / oca* (BEcrB*ffBST.Lixci*x.aBrao*»aai,aL<sixx-«Bi) 
/ /PTiaPOOl DD OBIT*iTSDA,SPACE* ( M l , fSBS # 1) ) , 
/ / 8C»*(aECPB*t*ST,UKCL*X,BOPBO*tBBt,BL*SIX2**B1) 
//PT15P001 00 OBir*S*SDA,SPACE* (*Bt, (BBS, 1 ) ) , 
/ / DCB« (BBCPB«rBST,LIECl*X,a0PB0-SBai,aLXSIXX-SB1) 
/ /FT17P001 DD OBIT*SYSBA,STACK* ( M l . (SB14)) , 
/ / oc»-(axcpa«vasT #LaECL«x,aorBO*SBai,auszxK*sai) 
/ / m aroo i DO OBIT*STSBA . S P A C E - ( * # I , (*a it» > , 
/ / OCa* |aXCPR*TaST,UECL*X,B8PB0*ftBai ,BLXSIXB*tB1) 
/ /PT I9P09 I DD PPir>SXSDA,SPACE*(tBl. fSBS.1)) , 
/ / OCB* (BKCPS>TBST,UXCL*X,B«PBO*Siai,aL<SXXK*Sai) 
/ /PT20P001 DO 0BIT*STSaA,STACE*(SO1,(SB13)), 

»COBT) 
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/ / 
/ /FT2IP001 BO 
/ / 
/ /PT22PO01 BE 
/ / 
/ /PT23P001 BB 
/ / 
/ / P T 2 * P 0 a i BC 
• / 
/ /PT25PO01 CC 
/ / 
/ /FT2.PO01 BC 
/ / 
/ /PT27P001 BB 
/ / 
/ /PT28P001 CC 
/ / 
/ /PT29P001 BB 
// 
/ /PT30PO01 BB 
/ / 
/ /PTJtPOOl BC 
/ / 
//PT32P001 OC 
/ / 
/ /PT33fO01 DC 
/ / 
/ /FT38P001 BC 
/ / 
/ /PT35P001 BO 
/ / 
/ /m»rooi oc 
/ / 
//rrj7rooi DC 
/ / 
/ /PT38PO01 CC 
/ / 
/ /ro»rooi oc 
/ / 
/ /PT40P001 DC 
/ / 
//PT*irooi DC 
/ / 
/ / rwirooi DC 
/ / 
//rr«»3rooi DC 
/ / 
//rr»«rooi DC 
/ / 
/ / P T » 5 f 0 0 1 DC 
/ / 
//PT»6P001 CC 
/ / 
/ /PT»7r001 DC 

BCB«iBicfa«fBST.uaci.>i,BapBo*aaBi #au5XZE««ai) 
auT*stsoA. PAce-rxfi . « a 1.211. 

BCB- <8XCra*fBST.LaECX-I.BBPaO*»BB1.BU:SIZZ*Xai) 
B*IT*SISOA.SPACE* i c a i . i x a s . m . 

BCB-<afcCra~WBST.LBECL*X.B8PaD~XBB1.Bl-SIZE*XB1) 
BBIT* SISBA .SPACE* (SB 1. (XB3)) . 

cca* (B»cra*PT.a OPBO-XBBI» 
BBIT*SIS»A.SPACE« teat , at*211. 

BCB- <Bfccra*Pt.8BFBO*XBE2) 
BBIT-SISM.SPACE* (XB1. (CB12)I . 

BC*-(B£CFB*PT.BBFBO-XBB1I 
EBIT*SISDA.SPACE*(XBI, (XB12)), 

BCB» IB itcra-r t . a erao*» n 11 
0B1T*STSBA.SPACE*(XB1.fXB2)|. 

BCB* |BECPB*FT.BOPaO*XBB2| 
BBIT*SX.»ttA.SPACE* 1XB1. fCB2| | , 

BCB*(BECFI-Pl.BBfBO-XBB2I 
UBXT-SISBA.SPACE* i xe i . (ta 1*11. 

CCB* (BECFa*FT.88PBO*XB82> 
OBiT-SISDA,SPACE* I 8 B 1 . ( X B 1 . 2 ) 1 . 

BCB-(BAXPB*f*ST.18ECL*I.MFBO«CBB1#BXXSIZE*XB1) 
BB IT* SI S M . SP AC E*f SB I . fXBl.XBXH . 

BCB* fBXCFR*FBST.l8ECl*I.B8PB0*taB1.BLKSIZE*EB1) 
BBIT*SISDA.SPACE*fXB1. » B 1 . 2 ) I , 

BCB*IAfeC(a-r»ST.taeCL*X.BBPBO-CBai.BUSXZE*BB11 
08iT*SISBA,SPACE* ( E 8 1 . | 8 B * ) ) . 

DkB-fk-XFB->BST.LBECL*X.B8FBO*X8B1.BLKSIZE*XB1) 
OB£T*SISBA.SPACE* 1X81, CX81.8BXI I . 

OCB* |AXCl'B*W>ST.XaeCL*I.BBPBO*» BB1 ,BLXSXZE*XB1) 
OBIT*»fSiM..SPACZ*<XB1. 1X81.21) . 

BCB*faKtFa*VBST.LBfCL*I.MP8D-»BB1,BUSIZE*XB1| 
PBil*SISBA.SPACE* (XB1, ( ( 8 6 , 2 ) 1 . 

CCA*|kfcCFS*VbST,LBECL*-S.B0PBO«XBB1,BLKSIZE*XB1) 
OBIT*$ISDA,SPACE*<XB1, 1X815,2)1 , 

DCB- |BkCP-*F->ST,LBECL*X,B0PBD*XBB1,BUSIZE*XB1) 
OBXt*SISBA,SPACE* fCBI. 1X815.21) . 

DC*1 (B»CPa-V*ST,EBfCL-I.BOPBO*XBB1 .BLKSIZE-XB1) 
VBiT*SI»BA,SFACE*{XB1. (X815.21) . 

DCB*ffcACFR«FBST.LBECL*X.B0PB0*XBB1.BUSIZf*XE1) 
UBI?«SfSB*.SPACE* 1X82, 1X85) ) . 

CCk* |BXCra*PT,BDP80-XBE2) 
OBIl-SIStf*.SPACE* IXB1,(CB«)) , 

DCB-|feKCFR*fBST,lBtCL*X,BOPBO-XBB1,BLBSIZE*XB1) 
UBiT*S*»DA,SPACE* |XB2, 1X87)) . 

0Cfc*ffct£rB-r8ST.LBECL*X,BOPBO-XBB2,BX.8SIZE*8B2) 
08ii*SISDA.SF«CE* |XB2. (XBd)) , 

DCtt-<fefcUrR-W*ST.lBECL-l.aOP80*X882.BLKSIZE*XB2) 
UBIt*SXStfa.SPACE* (XB1. fX8S, 1 ) ) . 

DCB*ffc«C»a*F»ST,LBECL«I,BOPBO«XBB1.BLKSIZf*XPl) 
08XT*SIS0a,SPACE-|XB1, |8B*)) , 

DC-*(k£CrR-fMST,LBtCL*I,BOrBO-XB»1,BLKSIZE*ZBl) 
D8XT-SXSb».SPACE*fXai, (XBIO)), 

DC**(fc«Cfa*VBST.lBECL*I.aBPBO*»BB1,BUSlZf*Xei) 
0BIt-iISBA.SPACE«fXB1, I X 8 S . 1 ) ) . 

ICOBT) 
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/ / DCa-tfeSCfa*V»STvUtCl«I.BBFB0>tBS1.BUSIZE*tB1> 
/ / m a r c o i DC BUt«»is»*.sPACE-isn. I » I I . 2 H . 
/ / oca* <a*c?a*fasT.ijEci»z.aarao«taBf,ausizE*cati 
/ / F T « * F O O I DO B>it*si£»«.srAce*isai . fsai i i i . 
/ / cca* taiicra-tasT#i«ECL*i.aBrao>sBBi.ausxzE*saii 
//PTSOPOOI OP BBI1>.»ISBA.SPACE* |(S 1. ( ( • 1.2)1. 
/ / Dc»>i&fcCfa«fasT.iBBCi.*x.BarBO>aBBi.BUSxzE«aBii 
//FTSIPOOI OB BBIT*SISBA.:» ACE* 1*01. fSBS.D). 
/ / oca- fatcrB-r*ST.LBEcx>«i.aBrao-»aBi.BusizE*caii 
//FT52P001 It BBIT*SIS*A.S»ACE«(Cai.ftBS.l)). 
/ / OCM <ntcra«f asT.LBeci.*x.aBPao>sBBi .ausxzt*CBii 
//PTS3P001 It OBIT*>ISD*.:>FACE~ | * f 1. I tBS. I ) ) . 
/ / OCM (BKira«ff»ST #UECI.*I.BOraO*tBBI.BLKSIZE*Cal| 
//VEBTOBII PfBO 
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e. Filling out Job Submission Foras called in by telephone. 
f. touting or aailing job output, which nay include aagnetic tapes, 

to remote users. 

B. Charge Numbers 

All services performed by the OWL Computing Center are billed to a 
five-digit Charge Number (sometimes called a "request** number). These 
numbers 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 departmental account. 
Rilling for services is dome on a monthly basis by Central Accounting. 
Monthly charges are made to each departmental account-; thus, if it is 
desired to keep more detailed accounts of computing costs, several Charge 
numbers (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 who 
opened it (or his supervision) by notifying the Dispatcher; however, the 
closing will not become effective until the end of the month during which 
notification was received. 

C. Programming Assistance 

The Systems Programming Department maintains a Programming Assistance 
group (telephone number 3-1177) who are available for consultation and 
trouble-shooting. The people manning this office are experienced programmers 
and can answer most questions concerning error messages, compilers, operating 
systems, 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.m.). However, for usual problems in running codes, the 
authors should normally be contacted. 

D. Tape Librarian (Telephone Number 3-1214) 

Many users of the computers will wish to save information on magnetic 
tape for varying periods of tine. Each user is responsible for so notifying 
the Computing Center via his Job Submission Form if e aagnetic tape is 
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to be saved. The Tape Librarian is responsible for maintaining appropriate 
records associated with saved aagnetic tapes. Aaong the duties of 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. 
Pubiistaig a bi-weekly report of all tapes assigned and sending 
copies to all users. Each user is notified of those tapes 
assigned to hia and requested to inform the librarian of any 
tapes which can be returned to the pool 

d. Pilling other requests for tapes or information pertaining to 
saae. 

e. Issuing job request numbers (the 5-digit number which is used 
for billing and which swat be on all work submitted to the 
Coaputing Center, ari maintaining associated records. 

Note; The Tape Librarian always 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 recorded message describing the current status of 
the equipment, wha' 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. Messages are updated periodically 
throughout 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 running 
on the IBH-360/91 located at the ORNL site will be discussed here. Both 
computers are operated by the Coaputer 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-l and the corresponding notes since only differ­
ences are discussed here. Reference numbers refer to 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 (REM0TE5)- (Note that the REM0TE5 begins 
in column 16.) This card would not be used if the terminal is 
connected with the PDP-10. 

(2) This card causes the job stream to be passed on to the 360/195 by 
th« PDP-10. (Neither of these first two cards is required if the 
terminal 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 otherwise 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 now limited to a maximum of 1650. 

(5) The only variable on this card is TT which is the limit on lines of 
printed output in thousands, i.e., SO would allow 50,000 lines to 
be printed. The job is terminated if the number of lines exceeds 
the limit. 
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NBMB C-S. COBBBOL C1BBS BOB BBBBIB6 tBBTBBB OB TBB 3*0/195. 
Bora 

/ • a s i a i aaaotaJ <n 
«s 121 
/ / S S S B K B B JOB (caaas».*AaaBsvBMB COL 2 S - W . C U S S * * , i n 
/ / BBcioB*aaac. t«i 
/ / BSBUtSL* | 1 , II 
//•BftIB aOLBTSS.UBSS-tff.Ct |S | 
//STBt BIBC fSBIBBBS. 
/ / BBI"1,BB2-1.B1'OS20.B2«*2a00,BB-Sa.BS*S0,S1«100. 
/ / B2«i.a>t.i««i,«s*i.i*>i.a7-i.BO«i.B*>i.Bio*i.aii*i,Bi2*i,Bi3-i. 
/ / B1«*1„B1S«1.814*1, 
/ / raaB.Baav-*aoaa:BvaoLxsT#BosoBBCBvBOBAB,BaiaBPa. 
/ / eonat-aa <«» 
//roBT.STsxa aa • 
/ • 
//UBa.BVBBIfBB BB 88IT~231«.fOL8BS*SBa»IIM72.0ISB-SB# |7» 
/ / BaBaaB-TBr.ao4a.«BBtBBa.aaifBB 
//IBBB.STSM »B • 
IBCLBBB BfBBXfBB 

/ / c o . m i r a a i aa 8Bir*TAK»#?oLaBB-ssB«Tftram,UBSLM,BL),Bisr«M8. m 
/ / BCB*fBacrB«WBS.LBBCL«I.BLSSItS*3$20l 
/ A C U I I i n i BB BBIT*2J1«.?0f.-SSB*I»A72.BI5r»SBB. |7) 
/ / BSBlBB>tBP.aOLB.fBBTCBB 
//BO. WOOFOOI BO 0SIT**affB7,fOLaBB-SBB»ntBaO#UBBL*f,BL),BlSP»BBB, | 8 | 
/ / BCB>|BBB«2vTBRa«BB,BBCrB«PBS,UaCL«aOvaUSXSB«320B| 
/ / s o . m t r o a i aa •BiT»rirs».fOLSBB»sBa-TAri80#uBBL«i,aL),Bisr*raa. iai 
/ / aCB><BBCra*VBS,lBKl*B,BUSII8*3S2a) 
//sowrrotraoi aa • 
•••••••••••••••fBBrBBB BBB BBBBIB I - 1/1/n»»————»~ 
U I U I US 

1 2 * 2 7 0 
coaBBBi*****tBB lao t i s CABBS 110 as BBAB ai t a t OBBBBAL XBBBT 

ffBOCBSSOBI BX«at 60 BBBB. 
Bfaxarar 
BCBSBB 
caaasBr**"*iBB caosa sarnoa roocsssoa IBIBT BOBS a m . 
Bjanrvr 

coBaiar*****ffBTBBB cast m a t BATA ootf BBBB. 
BBBIBBBT 
/ • 
/ / 

http://aOLBTSS.UBSS-tff.Ct
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(6) The variable Iff on this card is the CPU time allowed for the run in 
Minutes, and if exceeded, the job is terminated by the operating 
systea. Note that the 360/195 CPU is about twice as fast as the 
360/91 CPU. This should be considered when specifying any tiae 
limits in the driver input or the VENTURE input. 

(7) The XXXA72 (on 2 cards) is changed froa ZX2222. 
(8) There are two differences in tape DD cards. 

(A) The variable TAPENO in the V0LUME«SER«TAPEN0 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 Bight be specified for 
the 360/195. This Beans that the user will have to check out 
any new tapes in advance of submitting a job requiring a new 
cape. (See Operating Procedure and Services below) 

(B) If a cape is to be written, the variable WWW in DISP-WWW field 
aust be NEW. OLD is used to aean 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.) 

If any MM times B (see Problem Dependent Parameters, page c-9) ex­
ceeds about 25,000,000 (unlikely except for S3 and N5), special clean 
disks aust 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 coaputer about tapes and disks 
to be aounced, 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 tiae 
that a job has used; and, therefore, the only information they will need 
for a job froa the user is the expected clock tiae a job will require. 
After a job has been submitted, the user should call the shift supervisor 
and give the job nuaber and the expected clock tiae. 



C-24 

Tapes nay be checked out by calling the Tape Librarian. The information 
required is a nane for the tape, the number of tracks (7 or 9), and the 
user's charge number. Always specify Hon-Labeled for the tape label. 
The user should keep a log of the tape nane, use, and number. Each tape 
at ORDGP is assigned a six-digit number. (Tapes at OIML 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 JftDOP should be sent to the 360/195 tape 
librarian by so instructing the tape librarian at OftVL (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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PICBBB c-a. rat aaitaa BOBTIBBS. 
aaia OBIBBB coartoi 

cans aaaa, saw. m i , aaar, PUBR. m a t , a m i 
m i irriiiTT larriat 

cans stat, taaa 
saaa aara Pitas laRiLixaTioa 

cans Ttaa 
aaaa aaarar at aaa OP BOB 

cans saaa 
TaaB iarat/oarpar BOOTHS 
aaaa PBIBTS aaaaaaat, TtanaaTioB atssaces 
naaa caicautas TUBS, arc. 

cans iaat, TIBI, aoati, iooca, m m , joaaaa 
i m a c asseaaw uaaaact aorriBC 10 a m i s ctoci TIBB 
CLBPU assnatt uaaaasa aoanaa TO IRITIIIXB a SECTIOB OP TBK m 

opaBanas STSTCB 
PUBB assBaaLi UBcaaca aomBB 10 i t c i i taa I M opaatriBC SISTER 

LIBR aacao 
iBcaarBL rat iaa xapaT/oarrar TRBIB aepiaiBS rac poacrioa OP rat 

Losicai. a BIT BOBBBBS 1 Taaoaca a* 

EBB or IPPIBDII c 
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Appendix D: LOCAL COHTUTEK FACILITIES 

The present hardware at the ORNL and ORCDP sites are described here. 
First, current charge rates are listed. 

Approximate Local Computer Charge 
A fixed rate schedule is now in effect, subject to change, as shown 

in the following list. These rates exclude capital cost recovery charged 
users when appropriate. 

Basic Rate 
IBM 360/195 CPU Tine (per hr.) $250.00 
IBM 370/155 CPU Tine (per hr.) 50.00 
IBM 360/75 CPU Tine (per hr.) 30.00 
IBM 360/91 CPU Tine (per hr.) 150.00 
IBM 360/91, 360/195, 360/75, 370/155 
Input/Output (per unit) .0004 

IBM 360/91, 360/195, 3.'*>/75, 37C/155 
(per line printed, per card punched) .0008 

IBM 1401 CPU Time (per hr.) 25.00 
IBM 360/30 CPU Time (per hr.) 39.00 
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 
TS0 CPU Time (per hr.) 30.00 
TS0 Disk Space (per track per month) .75 
TS0 Connect Time (per hr.) 6.00 
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Tha Computer Facilicy at tha OMIL Site 

Hardware 
The Goaputer facility at tha OtML sita consists of aa U N 360/91 aad 

and IBM 360/75 accessed through a PDF-10. Tha disc storage devices are 
shared which is not indicated in the following discussion. 

A brief description of the equipnant configuration for each 
system follows. Son* of tha tarns used are defined here: 

a. byte • 8 binary digits and is tha snallast addressable unit 
of aeaory in tha IBM coaputers 

b. K - 1,024 
c. ns » nanosecond - 1/1,000,000,000 second 
d. ws - aicrosecond * 1/1,000,000 second 
a. b.p.i. - bits per inch 

The 360/91 Computer Systan is nade up of tha following components: 

Quantity Type Description 
1 2091 Central Processing Unit - basic cycle tiae is 60 ns. 
1 2395 Processor Storage — capacity of 2,048K bytes of which 

1.536K is available to the user. 
2 2301 Drum storage — used for tha operating system; not 

available to users. 
2 2314 Direct Access Storage Facility — auxiliary storage 

device with a total capacity of 233,408,000 bytes 
spread over eight removable disk packs. One pack 
can store 29,170,000 bytes. 

4 2401 Magnetic Tape Units - two arc 9-track units recording 
data at 800 b.p.i. Two are 7-track units recording 
data at 200 b.p.i., 556 b.p.i., or 800 b.p.i. 

1 2501 Card Reader - 1,000 cards/ainut*. 
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Quantity Type Description 

1 2540 Card Read/Punch - 1.000 cards/ninute reading; 300 
cards/minute punching. 

3 1403 Printers - 132 characters/line; up to 1,100 lines/ 
minute. 

2 2701 Data Adaptor — interfaces to high-speed remote 
terminals. (MUL, WSAO) 

- - Various control units for the above auxiliary storage 
and input/output devices. 

The facility is illustrated in Fig. D-l. 

The 360/75 Computer System is made up of the following components: 

Quantity Type Description 

1 2075 Central Processing Unit - basic cycle time is 200 ns. 

2 2365 Processor Storage - total capacity of 512K bytes with 
750 ns access time. 

2 2361 Large Core Storage — total capacity of 2,048K bytes 
with average of 4 us access time. 

1 2314 Direct Access Storage Facility — auxiliary storage 
of up to 233,408,000 bytes spread over eight removable 
disk packs. One pack can store 29,170,000 bytes. 

8 2311 Disk Units - auxiliary storage of 7,250,000 bytes on 
each unit. 

5 2402 Magnetic Tape Units — three are 9-track units recording 
" 3 data at 800 b.p.i. and two are 7-track units recording 

data at 200 b.p.i., 556 b.p.i., or 800 b.p.i. 

1 2540 Card Read/Punch - 1,000 cards/minute reading, 300 
cards/minute punching. 

1 2520 Card Punch - 500 cards/minute. 
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Qaaatity Tree Dascriatioa 

2 1403 Priacars - 132 characters/ l ine, ap to 1,100 l iaas/alaaca 

2701 Data Adaptors - latarfacaa to high tpaad reaote t a r -

aftaals. (Y-12, CS2C, M L ) 

2702 Teraftaal Adaptor - interfaces to 
tara iaa ls . 

Varioos coatrol ea l ta for the above a a x i l U r y storage 

davicas aad iapnt/oetpet devices. 

1 2321 Data Cal l Drive - s a x l l U r y storage of an to 400,000,000 

bytes spread over tea reaoveble data c a l l s . Oaa data 

c a l l caa atore 40,000,000 bytes. 

1 2f 14 Switching Uait 

1 CCI-7012 Meltlpleasr (ttCOH systea) . 

1 Dolt-saraaek-Ktiaiw Data Sat Coatrol Unit . 

Tea f a c i l i t y is i l l e e t r a t e d l a F ig . D-2. 

The PDP-10 systea is aade ap of the following aajor 

Qjeantlty Tree Dascriptloa 

KA10 Central Processor - basic cycle t ine is 200 

HA10 16K baak core aaeory, 1 usee (34 b i t word). 

TOSS DEC tapes. 

CUO Card ear ier , 1000 carde/aiawte. 

CP10 Card Peach, 200-365 cards/rtaate. 

LP10C Liae Pr inter , 1000 l laes/ej laete. 

TU30A I I H - 9-track coapatible tape. 

RD10 Swapping Disk; 2,204,000 bytes. 

RP02 Disk Pack Drive - 23,383,600 bytes per dr ive . 
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Quantity Type Description 

1 DUO (2) 8 - l l ae H i intention Croups (oae with dial-up 
featore. 

1 PDP-15/10 Goaputer for i • • ulcatioaa control (1«K 18 h i t 

words, basic cycle t iaa i s 800 a s e c ) . 

4 PDF-15/10 Cons liters for graphical CRT interaction. 

4 VT15 CRT Display Unit 

Software 

A HASF-MVT aaaager ia used to supervise each of the conpliters. The 
IBM OS/360 operating system with version 21 of the IBM PORTRAK IV BHLevel 
coapiler and the IBM linkage edi tor are used. Data stored in the LCS on 
the IBM-360/75 Machine nay be direct ly se lected in the sane sense as data 
i s addressable in fast neaory. Even though the cycle t iaa of the LCS i s 
slow conpared to that of the fast core (4 us vs 0.75 y s ) , we have found 
that probleas using a l l data store* in the LCS run only about 15Z slower 
than they do using data stored exclus ive ly in fast core. 

Coaputer Faci l i ty use 

The IBM-360/91 and IBM/360/75 coaputers are operated under "MOT" 
nult i - job tasking. 

A loaded aachine language prograa i s stored on a disk. The program 
i s called into fast core with control cards when a job i s started and 
once control i s transferred to the prograa, i t has fu l l control unti l 
the job i s coupleted. The operator has no way of on-l ine control over 
prograa instructions (other than abortion). Machine CP t iaa used on any 
job i s available for prograaatd instructions to allow soat user control 
of nachinc t int use. Alternatively, a prograa nay be loaded froa the 
version of the code consisting of hex cards for each routine, and the 
user aay provide FORTRAN or aachine lang'jage subroutinas which override 
those on the disk. Thus a user nay eas i l y replace instructions with 
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others nore appropriate to his problem provided these are carefully pre­
sented in a for* consistent with the rest of the program. 

On Precision 

Although sons calculations are son* with 4-byte wore* which give 
nearly 7 decimal digits significance, noat are none in "double precision," 
as frequently required to obtain significant resnlta, esiag • bytes which 
gives jest over 17 decla.' digits significance. The significance indi­
cates here is that earring in calculation*. (There is also round-off 
fran deciasl to binary representation which nay canst staple sens to 
Indicate greater loss in significance than actually occurs in calcula­
tions.) Many calculations can be none quits aansantely with lass than 
7 decimal digits significance, but often subtractions which cause loss 
of several digits significance produce poor results. One example of 
difficulty is that which occurs when two iterate ante of flux values are 
to be extrapolated, and this extrapolation la based on the change in 
values. Loss of significance in differences IIILUII serious even at 
relatively suull loss of significance is the individual values. It is 
especially bad because round off is done at the bexadecianl marker level 
on the IBM nuchines rather than the binary number level. 

The Computer Facility at the 0BD6P lite 

Hardware 
The computer faci l i ty at the OBDCF plant aite consists of an IiH-360/ 

195 priasry ceaputer driven by an IBM-370/155. The squipasnt i s illustrated 
in Fig. D-3. hot shown i s masts entry available from the OftnX Coaputing 
Center. The 3330 disc units have 10 s byte storage capacity, but dedication 
of apace reduces availability to 40 x 10* by ten, 10 7 short words. 

Software 

An ASP-MVT manager supervises the intercouplcd computers in a nulti-
teekiag node allowing several tasks or jobs to be resident siaultaneously 
and execution to paaa froa one to another. Each computer haa ita equiva­
lent of an IIK OS/360 operating syetca. The IBM FOKTRAJf IV H-ltvel ver­
sion 21 compiler and linkage editor are used. 
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££JllEil-2l9£tf£il3.2lUl 
|*<yt«5 - Ram Processor (2,097,152 bytea) 

1K/1S5 - Support a n ! l a i n Processor l i ,1«« ,S7l i bytes ) 

1*0/19* - Tkre»» Se lec tor Chtaaels 
One 3lock a a l t i p l e x c r Ckaanel 
Oa*» Mult iplexer C ha awe I 

'TS/155 - fear ?tock * a i t i p l e i a r Chaaaels 
~*r> 5yte Multiplexor Chaaaeir 

char*»l - 0»«» »?13 P ?[>inUe risk Rri»*» 
or.a 11*1 6 S p i a i l e Cisk nric*» 
T»n 2*fi* P Spindle 3i=?k f>ri*«»s 
•our 2**1 r isk Cri?<F.s 
?-.r~» ; i ? 1 Ztta c e l l *>riwes 
Fijh" 0 0 Tap* m i * p s (Dual «K»0-1ftC*» l^pi) 

l*o/19« - Fi»-» /~ '" 9 t ,-ack "*an» nritren 
'."•<•» ''>'' ", t.z&rk T*r-> !>ri»*»p 

I T / 1 5 * - 'r-- ">- : '• track T i p ^rif* 
T.-:r«»«- "W* 7 ttark Tape n r i » » n 
3.?'* *"."' B r i n t F r 
""MO *I»"»- i t Pr inters 
o?.« i s : S Car! ?***»*r 
One 2*. >* Carl PeaJcr 
r.r.*» ">S»0 Carl fr*at1er/t>m»ck 
lr.« is?", c a r ! Punch 

ff£2t$_i2§-5Ql£J! 

? 7 i / i « 5 - TB* 111") cospntrr (Faiucaa) 
IP1 i?•*.•) T»rainal (Paducah) 
rP«! ?"-T Terxinal (ERDA-ORO) 
IS* IS . / *, - 17C/1S5 (EUDA-HDQ) 
ppn-*i ( nr,dv*ar Atcs i c s Corp.) 
IP* * * V . : v - ' i ; 
IP* 1r~/"f (Sir Pescarcb) 
W V 1 . ' - V S 1 , POP-Coaplex (Cmi Ccaf i t in^ Center) 

T nput cnly 
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Jc|epfOct';-ftjp«i Tcri-t : > i l * 

Cc3/lSS - Twelve 2740 Termintin 
Three 1050 Terminals 
Four 2260 l e r n i r a l s 

Opei-f ior Consoles 

^ 0 / l i > £ - One 225C Ce:»?ole (CPi ) 

3 7 0 / 1 5 t - H.reir 3E/5 r o n s c l e s (CRT) 
Cn«: 3216 Ccrt.ole 
Cne 1443 Pr inter 

In a d d i t i o n , a 25*.G card reaaer/pur.ch and/or one or two 140 i 
p r i n t e r s uitfcii are norsMly o n - l i n e t o Ihe 360/30 can be switched 
to the 370 /155 . 

The Cosputer Sciences Division Coaputer network 

Figure D-4 shows the network of coaputers presently in operation at 
the OWL, ORGDP, and the Y-12 sites, which obsoletes the connections shown 
in the previous figures. 
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