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ARGONNE CODE CENTER:
COMPILATION OF PROGRAM ABSTRACTS

by

M. K. Butler, H. S. Edwards, C. Harrison, Jr.,
Catherine E. Hughes, Marianne Legan, T. Menozzi,
L. Ranzini, and William J. Snow

PREFACE

This is the second complete revision of program abstracts undertaken
by the Code Center since its inception in 1960. This revision has eliminated
from our collection those programs for machines of the 704 era and earlier.
With the assistance of installation representatives and authors, existing pro-
gram abstracts have been revised and material added to the library to com-
plete, whenever possible, the program package for each program in the
Center's collection.

This is the first attempt at a formal publication. Previous abstracts
have been processed by use of multilith masters from high-speed printers.
Publishing this as an AEC document makes it more easily referenced and
accessed. Additions and corrections will be published as previously, with
provision for a complete revision in this form after another 3- to 5-year
period.

The table of contents lists in order of‘accession. the KWIC title of
each program, the originating installation, the machine, the programming
language, the package symbols, and the category. This title information was
then used to provide the index which follows the abstracts. The package sym-
bols included are defined as follows:

= reference report or document,

= source deck or tape,

= binary or run deck or tape,

= sample problem data,

= library information, e.g., cross-section library,
random-number library,

= auxiliary routines or information,

= control or operating system language statements,

oW nX

QX
l

and

magnetic tape(s) required for transmittal of card and/or
tape material.

=
"
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This collection includes programs in which the program number 15
preceded by the letter R or G. The letter R denotes restricted, and U.S.
citizens are required to file a release form with the Center for use of the
program on either official U.S. government or commercial (nonmilitarY) ap~
plications at a U.S. installation. The letter G designates programs which are
limited to use on U.S. government contracts only. In addition to the release
form requirement, the contract identification, and the signature of the con-
tracting officer must be furnished when requesting such programs. The Code
Center is not authorized to distribute these programs outside the United States.

To best service the interests of AEC contractors, university nuclear
engineering departments, and the nuclear industry, the Center will, upon re-
quest, supply to an installation, a copy of any of the material listed as available
under Item 16 of the abstract. Should that installation modify the program,
convert it to a usable form on another computer, uncover an error, or have
difficulty in using the program, they are asked to notify the Center so that
their efforts in turn might benefit other recipients. The Center maintains
records of the recipients of all library material so that if a correction or new
version is prepared, all previous recipients of the program are notified
promptly.

Program abstracts for the OECD Nuclear Energy Agency Computer
Program Library programs in the Argonne Code Center collection have not
been included in this compilation. Separate compilations are distributed regu-
larly to our contributing installations.

I. HISTORY AND ACKNOWLEDGMENTS

In 1956, at the Second Annual Meeting of the American Nuclear Society,
the initial meeting of an informal group called the Nuclear Codes Group was
held. This group was composed of "persons interested in the development and
use of computer programs for reactor design," The group held regular meet-
ings in conjunction with the semiannual ANS meetings and published and dis-
tributed a Newsletter containing code abstracts submitted by members. These
abstracts followed the format of the Atomic Energy Commission docu-
ment AECU-3078, "A Bibliography of Available Digital Computer Codes for
Nuclear Reactor Problems."'

From September 1956 to December 1959, ten Newsletters were pub-
lished and distributed through the auspices of the AEC Computing Facility at
New York University.? In 1959, Ward Sangren and personnel at General Atomics
edited and published 300 abstracts collected from Group members.? A sup-
plementary list of 100 abstracts was _published the following year. *

In 1959 also, the Nuclear Codes Group became the nucleus of the
American Nuclear Society's Mathematics and Computation Division. With
stature came a desire for a central facility for the computer program library



and the dissemination of information concerning programs written in the areas
of nuclear physics, reactor design, and engineering. In 1960, a proposal was
made whereby, with the cooperation of Division members and installation rep-
resentatives, and the Atomic Energy Commission's approval, Argonne National
Laboratory undertook to serve as this central agency and the Argonne Code
Center was established.

Procedures were drafted defining the material to be collected--the
abstract and the "package"--and the responsibilities of the Center and the
Installation Representatives. The submission of the material is the responsi-

bility of the authors either directly, or through their Installation Representative.

The Center edits and publishes the abstracts, and collects, maintains, tests,
and distributes the packages. The representatives at AEC laboratories, con-
tracting establishments, and universities serve as a source of information to
the Center concerning programs or requests emanating from their installa-
tion, and it is they, in collaboration with the personnel at the Argonne Center,
who supply the answers to the questions and nonroutine inquiries received.
They are responsible for library programs at their installations.

In 1965 the Argonne Center became a separately-budgeted operation
of the Reactor Physics Branch of the USAEC Division of Reactor Development
and Technology. In September of 1972 the Argonne Code Center was designated
as the AEC-wide computer program exchange and information center respon-
sible for the dissemination of unclassified computer programs developed with
AEC funds. The Center is currently supported by the USAEC Reactor Re-
search and Development and Military Application Divisions and the Office of
Information Services. Acquisition of ADP services by AEC offices and con-
tractors and program (code) exchange and digsemination services of the Center
program are defined in Parts VII and VIII of AEC Manual Appendix 1801 Data
Processing Equipment and Services.

From 1961 until issuance of this publication in January 1968, the
Argonne Code Center published 12 distributions containing abstracts of ap-
proximately 265 programs.® This collection represents a complete revision
of those previously published abstracts and includes, in addition, abstracts
prepared and revised from 1968 to date.

II. ABSTRACT FORMAT

The program abstract has been modified considerably over the years.
Its evolution from the original AECU-3078 format is due primarily to our ex-
perience at the Center and cooperative efforts undertaken with the NEA library
personnel and the American Nuclear Society's ANS-10 subcommittee
membership.®

A. Name or Designation of Program

This is the name or designation given the program(s) by the author.

11



B. Computer for Which Program is Designed and Others upon Which It

Is Operable

The computer hardware system for which the program or system was
prepared is identified and names of other computers for which versions are

available are listed.

C. Description of Problem or Function

A brief description of the problem being solved or a definition of the
data processing activity being carried out is given.

D. Method of Solution

A short summary of the mathematical methods employed, numerical
algorithms adopted, or procedures incorporated in the program should appear
under this entry.

E. Restrictions on the Complexity of the Problem

This item includes restrictions implied by storage allocation, such as
maximum number of energy groups and mesh points, as well as those due to
approximations used, such as implied argument-range limitations, etc.

F. Typical Running Time

Information intended to enable the user to estimate machine time
requirements is listed.

G. Unusual Features of the Program

Distinguishing features and special capabilities of the program are
enumerated. Information given under this item should allow the user to select,
from a number of similar programs, the one most suitable for his particular

problem.

H. Related and Auxiliary Programs

If this program supersedes or is an extension of an earlier program,
this is noted here. Programsused in conjunction with this program, especially
those coupled through use of external data files should be mentioned.

I. Status

The Center lists here the initial date of publication of the abstract.
Versions in the library are identified and the date they were submitted is

given. Testing completed at the Center is noted.



J. References
Available publications pertinent to the program are cited.

K. Machine Requirements

This item lists the hardware components essential for full utilization
of the program.

L. Programming Language(s) Used

The programming language or languages in which the program was
written are identified with an indication of the percentage of each used. If
certain routines are in assembly rather than compiler language, these should
be identified.

M. Operating System or Monitor under Which Program Is Executed

This item identifies the operating system, associated subroutine or
function library, and installation support software used by the program. The
version used is identified and deviations or exceptions noted.

N. Any Other Programming or Operating Information or Restrictions

Additional information needed by the reader to implement the program
or determine the extent of the necessary implementation effort is summarized.

O. Name and Establishment of Author .

The names and addresses of the authors of the program and of other
machine versions are listed. If the author is no longer responsible for the
program, the person to be contacted should be listed, as well.

P. Material Available

This lists the material being distributed, i.e., the contents of the
program package.

Q. Category

The problem classification assigned from the Center program or sys-
tem classification guide.

Keywords

This is a listing of the keywords associated with the program, supplied
by the program author and/or Center based on the Argonne Code Center
thesaurus.



III. RECOMMENDED PROGRAM PACKAGE CONTENTS

The "program package" is defined as the collection of card decks,
tapes, and documentation, associated with a computer program, necessary for
its modification and effective use by an individual other than the author on a
computer system different from that on which it was developed.

The material required may include all of the following:
1. Source Decks (S)

Compiler and assembly language program decks or card-image
tape records.

2. Run Decks (B)

Language processor object decks, or load modules, prepared as re-
quired for program execution. If source decks cannot be distributed for
proprietary or other reasons, run decks may be substituted. For certain
system-dependent programs this may be the preferable form, and in inter-
change between users of like systems, it may be more cost-effective and
provide redundancy when used in conjunction with the source material.

3. Sample Problems (P)

Test case input data decks or card-image tape records for use in
checking out program implementation.

4. Data Libraries (L)
External data files required for program operation; e.g., cross-section
libraries, steam table data. It is preferable that decimal form be used for

numerical data files for exchange purposes.

5. Control Information (C)

Operating system control cards or control language decks required
for compilation or assembly of the program and execution of the sample prob-
lem at the originating installation. This information includes device assign-
ments, format information, storage allocation, overlay structure definitions, etc

6. Auxiliary Routines and Information (X)

Program package items for subsidiary programs used in preparing
input information, processing results, maintaining data libraries, etc., for
the program. Computer-readable information provided as documentation for
use with text-processing facilities.
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7. Documentation (R)

The traditional documentation associated with the computer program
and its application. This material may be compiled in a single comprehensive
report or it may exist as several independent documents--published paper
reprints, program reports, user's manuals, program maintenance manuals,
installation memoranda, computer output listings, etc. It may, regardless of
form, include all of the following:

a. Problem definition or function description--Information providing
the raison d-etre for the computer program or system, a description of the
problem solved or of the processing performed. A description of the mathe-
matical model used and the computational algorithms and techniques employed
should be included.

b. Application information--Documentation directed to the program
user; i.e., a User's Manual, if a separate publication. Operating instructions,
program options, and a description of the input and output formats should be
covered in sufficient detail to enable the user to specify his own problem and
interpret the results correctly. An example is helpful; if the identical sample
problem of item 3 is used the selected output for it can be shown in this docu-
ment; otherwise, it is essential to include a copy of the computer output listing
obtained from execution of the item 3 sample problem in the program package.

c. Programming information--A detailed description of the program
addressed to the programmer responsible for maintenance or transfer of the
program,; i.e., a Program Maintenance Manual, if a separate publication. Ma-
terial covered should include the overall program structure and logic, identi-
fication of subprograms and detailed information on their use, glossaries
showing the relationship between problem variables and program symbols,
definitions of external data files, system hardware and software requirements,
shared storage assignments, overlay or segment structures, and system-
dependent programming considerations.

d. Installation environment information--A description of the environ-
ment in which the program was developed and installation support facilities
utilized such as installation-dependent library routines for mathematical func-
tions, plotting, microfilm recording and the like. It is recommended that
general Installation Environment Reports issued by individuals responsible
for the computer environment at the program-originating installation be uti-
lized for this part of the program documentation. Such documents can greatly
simplify the preparation of portable program packages and facilitate effective
program exchange.

Program package items 1 through 6 are most effectively maintained
and transmitted in punched card or magnetic tape form; item 7 as printed ma-
terial. If a substantial number of cards are involved, these should be recorded
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on magnetic tape in card-image format. Data libraries (item 4) are ofte)n
computer-generated and exist only on tape. Control information (item 5 f‘nay,
alternatively, be supplied as a computer output listing since this information
is rarely identical at different installations.

IV. PROGRAM CLASSIFICATION GUIDE AND THESAURUS

A program classification scheme is being initiated with this report.
It is intended to serve as a guide to those library programs dealing with the
solution of a specific physical problem or area of related problems. In addi-
tion, a thesaurus has been prepared as a basis for the assignment of keywords
to the library programs. The category and keywords listed as Abstract Item17
have been assigned by the Code Center staff, but it is hoped that in the future
they will be selected from the guide and thesaurus by the author of the program
and/or abstract. The thesaurus follows the concept and design of the EURATOM
thesaurus’ insofar as practicable. Accepted keywords not included in the the-
saurus include specific reactor and computer code names that are always
followed by the word "reactors" or "codes," e.g., HTGR reactors, AITP3 codes.
Other accepted keywords are the element names and combinations of an ele-
ment name and a mass number, e.g., hydrogen, uranium-238.

Program Classification Guide

A. Cross-section and Resonance-integral Calculations

Computation of reaction cross sections from nuclear theory such as
the optical or Hauser-Feshbach models, resonance cross sections by Breit-
Wigner or multilevel theory, determination of differential scattering cross
sections, cross-section evaluation, and compilation programs.

B. Spectrum Calculations, Generation of Group Constants, Lattice and
Cell Problems

Determination of the slowing-down density or thermal spectrum,
weighting and averaging of cross sections and related quantities for the pro-
duction of group constants, and evaluation of design parameters by lattice and
cell calculation.

C. Static Design Studies

Calculation of the reactivity and flux distribution of the reactor sys-
tem, and adjustment of design parameters to prescribed specifications, i.e.,
criticality and power distribution search procedures.

D. Depletion, Fuel Management, Cost Analysis, and Reactor Economics

Includes burnup programs, isotope and fission-product buildun and
decay computations, and optimization studies.
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E. Space-independent Kinetics

Studies of the time-behavior of reactors, including delayed-neutron
effects and feedback mechanisms, and transfer-function evaluation.

F. Space-Time Kinetics, Coupled Neutronics-Hydrodynamics-
Thermodynamics and Excursion Simulations

Programs that consider spatial design characteristics and accom-
panying effects in studying the time behavior of the reactor.

G. Radiological Safety, Hazard and Accident Analysis

Calculation of internal and external dose rates, determination of reac-
tor thermodynamic and hydrodynamic properties following an accident, e.g.,
release of radioactive materials, coolant system blowdown, steam generator
rupture.

H. Heat Transfer and Fluid Flow

Steady-state and transient heat transfer computations, fluid-flow studies
and calculations of thermodynamic properties.

I. Deformation and Stress Distribution Computations, Structural Analysis,
and Engineering Design Studies

Includes fuel-element design evaluations,‘core-com’iguration studies,
and composite structure analysis.

J. Gamma Heating and Shield Design

Gamma and photon transport calculations, computation of heat-
generation rates, and penetration analysis and leakage calculations for
shielding.

K. Reactor Systems Analysis

Combinations of programs, designed as systems, for solving correlated
problems from several of the categories A through I.

L. Data Preparation

Generation of program parameters; checking, editing, and formatting
of problem input information.

M. Data Management

Construction, maintenance, and retrieval of data files, e.g., cross-
section libraries; management systems such as payroll, personnel and
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financial systems, property and equipment systems, network-oriented project
management and indexing and retrieval systems, etc.

N. Subsidiary Calculations

Plotting, editing, and display routines that process output data from

other programs.

O. Experimental Data Processing

Programs designed to process data directly acquired from an experi-
mental situation or to assist the experimenter in the design of the experiment.

P. General Mathematical and Computing System Routines

Calculation of mathematical functions, statistical analysis, special-
language routines with general data-processing capabilities, and software
systems.

Q. Materials
Measurements and computation of the physical and mechanical prop-
erties of materials, simulation of radiation damage processes, corrosion

studies, and determination of crystallographic functions.

R. Environmental and Earth Sciences

Environmental impact studies, geology, seismology, geophysics cal-
culations, hydrology and ground water studies, bioenvironmental systems
analyses, meteorological calculations relating to the atmosphere and its phe-
nomena, studies of airborne particulate matter, climatology, etc.

S. Space Sciences

Analysis of orbits and trajectories, astronomy and astrophysics com-
putations, wave propagation studies, and the calculation of reentry parameters.

T. Electronics and Engineering Equipment

Automated design of electronic equipment, engineering computations
for numerically controlled machine tools and process control programs.

U. Chemistry

Chemical analysis, mass spectroscopy, radiation chemistry, radiolysis

studies, etc.



V. Particle Accelerators and High Voltage Machines

Programs relating to the design, development and operation of high-
voltage machines and particle accelerators such as Van de Graaff generators,
linear accelerators, cyclotrons, synchrotrons, etc.

W. Physics

Calculations relating to theory of atomic or molecular structure or
properties, charged particle collision studies that involve phenomena such as
charge exchange, excitation, ionization, dissociation, etc., elementary particle
theories and models, scattering theory, quantum field theory and quantum

electrodynamics studies, general relativity and gravitation theory computations.

X. Controlled Thermonuclear Research

Electric discharge phenomena and plasma physics computations,

electrodynamics and magnetic hydrodynamics studies.

Y. Biology and Medicine

Biological, medical and radiological studies of the structure, functions,
chemistry, biophysics, reproduction, and heredity of bacteria, plants, labo-

ratory animals, and humans.

Z. Data

Data prepared in specified program formats for program testing and
evaluation, benchmark studies, or library use.

Thesaurus
l-dimensional blowdown cross sections
1-group Breit- Wigner formula crystals
2-dimensional breeding currents
2-group Brown-St. John model cylinders
3-dimensional buckling Dancoff correction
absorption capture data processing
accidents cell calculation decay
activation cladding deformation
aerosols coefficients depletion
age Cohen equation design
algorithm coincidence methods differential equations

alpha decay
angular distribution

communications
compound nuclei

diffraction
diffusion

anisotropic scattering containment disadvantage factors
annular space contamination distance

assembler continuous release distribution
atmosphere control Doppler broadening
averages control rods Doppler coefficient
Bl method coolants dose rates
background correlation dynamics

beams criticality economics

19
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efficiency
eigensystems
elastic

elasticity
electrons
elementary functions
ENDF/B
enthalpy
epithermal
equations
equifield
equipotentials
excursions
expansion

factor

failures

fast

feedback
few-group
finite-element
fire

fission

fission products
floating- point arithmetic
fluid flow

fluids

flux

Fourier transform
frequency

fuel cycle

fuel elements
fuels

fusion reactors
gamma radiation
gas coolants
gases
geometries
graphs

group constants
Hauser-Feshbach theory
heat conduction
heat transfer
heating

heavy

helium
heterogeneous
hexagonal
homogeneous
hydrodynamics

incoherent approximation

inelastic

infinite media

input data
instantaneous release
interpolation
isotopes

isotropic scattering
kernels

kinetics

Laplace equation
lattices

leakage

least squares

Legendre coefficients
libraries

lifetime

light

linear equations
liquids

liquid metals
magnetic
magnetohydrodynamics
maintenance

mass matrices
Maxwell distribution
measurements
minimization
moderators

Monte Carlo method
multidimensional
multigroup
multilevel

networks

neutrons

noise

nonlinear

nonlinear least squares
numerical calculations
operating systems
operation

optical model
optimization

output data
parameters
particles
performance
perturbation theory
photomultipliers
photon

pipes

Py, method

plates

poison

polarization
pollution
polynomials
potentials

potential scattering
power

power plants
predictor-corrector
preparation
pressure

production
programming languages
pumps

quadrature

r-theta

r-theta-z

r-z

radiation effects
radioactivity
reaction rates
reactivity

reactor safety

reactors

remote job entry
resolved region
resonance

resonance escape probability

resonance integrals
retrieval

sampling

scattering

scattering law
scintillation counters
searches

Selengut-Goertzel equation

shells

shielding

slabs

slowing down

Sy, method

solids

solutions

space
space-independent
space-time
special functions
spectra

spheres

spherical harmonics
statistics

steam generators
stresses
structural analysis
swelling

synthesis
temperature
temperature coefficient
thermal

thermal utilization
thermalization
thermodynamics
time-sharing
Tokamak

transfer functions
transients
transport theory
triangular

tubes

unresolved region
utility routines
vapors

variations

velocity

vibrations
viscoelasticity
waste solutions
water

weight

Wigner- Wilkins model
Wilkins equation
x-ray

x-y

X-y-z

xenon



V. ABSTRACT COLLECTION

As programs are submitted to the Argonne Center, they are assigned
accession numbers that are used to identify the program and its abstract.
Whenever the abstract is modified, the month and year of the modification
appear in the abstract heading in the format MM/YY. Since this collection
represents a complete revision, all abstracts appearing herein will be dated

October 1967 or later, and the date in the abstract heading will appear as
10/67, etc.

21
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ACC ABSTRACT 28 mEs 03/72

15.

16.

17.

NAME AND ESTABL ISHMENT 0OF AUTHORS -
7090 Re A, BLAINE
SUPERVISNR, REACTNR COMPUTING SYSTEMS UNIT
MATHEMAT ICS AND COMPUTER SCTENCES

1604 S. FLKIN
NUCLEAR APPLICATIONS COMPUTATION CENTER
CONTROL DATA CCRPORATICN
COMPUTER DIVISION
3145 PORTER CRIVE
P. D. BNX 10111
PALO ALTO, CALIFORNIA 94303

625 Re Lo BRUNNENMEYER AND R, A, MICKLE
BECHTEL CORPORATION
50 BREALE STREET
SAN FRANCISCN, CALIFORNIA 94119

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (7090-2843 CARDS, 1604-2851 CARDS, 625-2861 CARDS)
SAMPLE PROBLEMS (7090-39 CARDS, 1604-66 CARDS)
REFERENCE REPORT AND NOTE

CATEGCRY = C

KFYWORUS = DIFFUSION EQUATICNS, 1-DIMENSIONAL, FEW-GFOUP, SLARS,
CYLINDERS, SPHERES, CRITICALITY SEARCHES, FLUX DISTRI-
BUTION



10.

11.

12.

ACC ABSTRACT 29 02/74

NAME OR DESIGNATICN CF PROGRAM - AIME

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WFICFH
IT IS OPERABLE - IBM7090,270, CDC1604

DESCRIPTION OF PROBLEM OR FUNCTION - AIMé6 SOLVES THE ONE-DIVMEN-
SICNAL MULTIGRCUP OIFFUSICN EQUATICNS UTILIZING A MICROSCOPIC
CROSS SECTION LIBRARY. ANY CF THREE GECMETRIES ARE AVAILABLE
SLAB, CYLINDER OR SPHERE. CRITICALITY SEARCHES ARE PROVIDED
INCLUDING A CONCENTRATION SEARCH ON CNE CR TWO ELEMENTS. HOMOGE-
NEOUS AND INHOMOGENEOUS PROBLEMS MAY BE SCLVED WITH A VARIETY OF
BCUNDARY CCANCITICN CPTICNS.

METHOD OF SOLUTION -

RESTRICTICNS ON THE CCMPLEXITY CF THE PRCBLEM - MAXIMA OF -

10 SPACE POINTS

18 ENERGY GRCUPS
ONLY DOWNSCATTER IS PERMITTEC, ANC, IN THE CURRENT VERSICN, NEU-
TRONS FRCM A GIVEN GROUP ARE PERMITTED TC SCATTER CALY TC A MAXI-
MUM OF 5 SUCCESSIVE LCwWER GRCUPS.

TYPICAL RUNNING TIME - FOR 16 GROUPS, 3 MINUTES WCLLD BE A TYPICAL
TIME FOR A SINGLE PRCBLEM, ALTHOUCH TIMES MAY BE AS LOW AS 30
SECONDS. THE SAMPLFE PROBLEM REQUIRES 2 MINUTES CN THE IBM370.

UNUSUAL FEATURES CF THE FRCGRAM -
RELATED ANC AUXILIARY FRCGRAMS - FOG (ACC ABSTRACT 28)

STATUS - ABSTRACT FIRST DISTRIBULTED FEBRUARY 1662,
IBM7090 VERSICN SUBMITTEC JANUARY 1962.
CCC1604 VERSICN SUBMITTEC AUCUST 1963,
1BM370 VERSION SUBMITTED JULY 1672, SAMPLE FRCBLEM EXE-
CUTED BY ACC.

REFERENCES - H. P. FLATT AND D. C. BALLER, THE AINM-6 CCDE,
NAA PROGRAM CESCRIPTICN, JANUARY 1961, ERRATA AND ADDENDA.

D. P. SATKUS, LIBRARY, A FRCGRAM TC PUNCH MICRCSCOPIC
CRCSS SECTION LIBRARY IN COLUMN BINARY FORM FOR A VARIABLE NUMBER
OF GROUPS, NAA PRCGRAM DESCRIPTION, APRIL 19, 1960.

D. P. SATKUS, LIST, A PROGRAM TC LIST LIBRARY FGR A
VARTABLE NUMBER CF GRCUPS, NAA PROGRAM DESCRIPTION, APRIL 1S,
19€0.

AIM=6, NOTES CONCERNING THE CCNTRCL DATA VERSICA.

MACHINE REQUIREMENTS - 300K BYTES AND 1 SCRATCK UNIT ON THE IBM370

PRCGRAMMING LANGUAGES USED - FORTRAN II AND FAP (IRM7090),
FORTRAN 63 (CDC1604), FCRTRAN IV (IBM370)



33

ACC APSTRACT 26 g 02/74

13. CPERATING SYSTEM CR MCNITCR UNCER WHICFH PRCGRAM IS EXFCUTED -
FPRTRAN MONITOR SYSTEM (IBM7CS0), CCCP (CCCl604), CS/370 (IBM370).

14. ANY OTHER PRCGRAMMING CR CPEPRPATING INFORMATICN OR RESTRICTICANS -

15. NAME ANDC ESTABLISHMENT OF AUTHCRS =
7090 R. A. BLAINE
SUPEKVISCR, REACTCR CCMPUTINC SYSTEMS UNIT
MATHEMATICS AND COMPUTER SCIENCES
ATCMICS INTERNATIONAL
P. C. BCX 3CS
CANOGA PARK, CALIFORNIA 613C4

1604 Se ELKIN
NUCLEAR APPLICATIONS COMPUTATICN CENTER
CCNTRCL DATA CORPORATION
COMPLTER CIVISICAN
2145 PORTER DRIVF
P. C. BCX 10111
PALC ALTO, CALIFCRNIA S4303

370 S. NAKAMURA ANC W. BENNEDICT
NUCLEAR ENGINEERINC
THE OFIO STATE UNIVERSITY
2C6 WEST 18TH AVENLE
COLUMBUS, CHIOD 4221C

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (7090-3849 CARDS, 1604-3285 CARDS, 370-3503 CARDS)
SAMPLE FRCBLEMS (7090-36 CARCS, 1604-29 CARDS, 270-30 CARDS)
LTBRARIES (7090-1221 CARCS, 1604-3317 CARDS, 370-337 CARCS)
CCNTROL INFORMATION (JCL 370-9 CARDS)
SAMPLE FPRCBLEM CUTPUT (370-17 PACES)
REFERENCE REPORTS, ERRATA, ADDENDA, AND NOTES

17. CATEGCRY - C
KEYWORDS - DIFFUSION EQUATICNS, 1-DIMENSIONAL, MULLTICROUP, SLABS,
CYLINDERSy SPHERES, CRITICALITY SEARCHES, FLUX DISTRI-
BLTICN, FOG CCCES
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10.

11.

12

13
l4.

15.

ACC ABSTRACT 30 03/72

NAME OR DESIGNATION OF PROGRAM - PERT

COMPUTER FOR WHICH PROGRAM IS DESIGNER AND DTHEFS UPCN WHICH
IT IS UPERABLE - IBM7090,360, CDC1504

DESCRIPTION OF PROBLEM DR FUNCTION - PERT IS A PERTUFPATION PRN-
GRAM DESIGNED FOR USF WITH THE AIM6 AND FOG PRUGPAMS. PUNCHFD
CARD DUTPUT FROM THESE CODES IS USED AS INPUT TO PERT. USING
CRUSS SECTION DATA, FLUXES, AND ADJCINT FLUXES, THE FELATIV®
CHANGE IN KEFF CAN BE CALCULATED. CROSS SECTIONS MAY BE WFIGHTFED
WITH THE ADJOINT FLUX AND/OR DIRECT FLUX. THE NEUTRCON LIFFTIME
FOR THE DELAY GROUPS MAY ALSC BE DETERMINED.

METHOD OF SOLUTION — A LINEAR PERTURBATION THEORY IS USED FOP THE
CALCULATIONS OF THE RELATIVE CHANGE IN KEFF.

RESTRICTIONS UN THE COMPLEXITY OF THE PROBLEM -

TYPICAL RUNNING TIME - ABOUT 30 SECCNDS AKRF REQUIRED FOR A TYPICAL
PROBLEM.

UNUSUAL FEATURES OF THE PROGRAM -

RELATED AND AUXILIARY PROGRAMS - AIM6 (ACC ARSTRACT 29) AND FOG
(ACC ABSTRACT 28)

STATUS - ABSTRACT FIRST DISTRIBUTED FERRUARY 1962.
IBM7060 VERSIDN SUBMITTED JANUARY 1S62.
CDC1604 VERSION SUBMITTED MARCH 1G64.
IBM360 VERSION SUBMITTED JUNF 1967.

REFERENCES - H. P. FLATT, PERT, NAA PROGRAM [ESCRIPTION, FEBRUARY
1961.

PERT, NOTES CONCERNING THE CONTROL DATA VERSION.

MACHINE REQUIREMENTS -

PRIGRAMMING LANGUAGES USED - FORTRAN II (7090), FORTRAN 63 (1604),
AND FORTRAN IV (360)

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -

ANY OTHER PROGRAMMING OR NPERATING INFORMATINN OR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHORS -
7090 Re A. BLAINE
SUPFRVISOR, REACTOR COMPUTING SYSTEMS UNIT
MATHEMATICS AND COMPUTER SCIENCES
ATOMICS INTERNATIONAL
P. 0. BOX 309
CANOGA PARK, CALIFCRNIA



ACC

13.

l4.

15.

16.

LTS

ABSTRACT 50

i 02/74

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXFCUTED -
I18SYS (7090) AND 0S360 (360).

ANY OTHER PROGRAMMING OR OPERATING INFORMATICON OR RESTRICTIONS -

NAME AND ESTABL ISHMENT OF AUTHORS -

7090

360

1604

R. H. SHUDDE AND J. DYER
ATOMICS INTERNATINNAL

P. D. BOX 309

CANDGA PARK, CALIFCRNIA

G« GOWINS

BOEING HUNTSVILLE SIMULATICN CENTER
THE BOEING COMPANY

HUNTSVILLE, ALABAMA 35807

S. ELKIN

NUCLEAR APPLICATIONS CCMPUTATION CENTER
CONTROL DATA CORPORATICN

COMPUTER DIVISION

3145 PORTER DRIVE

P. D. BOX 10111

PALN ALTO, CALIFORNIA 94302

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS

(7090-2145 CARDS, 1604-1298 CARDS, AND 360-1280

CARDS)

SAMPLE PROBLEMS (7060-10 CARDS, 1604-11 CARDS, AND 360-21

CARDS)

LIBRARIES (7090-765 CARDS, 1604-741 CARDS, AND 360-764 CAFRDS)
SAMPLE PROBLEM OUTPUT (360-14 StELECTED PAGES)
REFERENCE REPORTS, NOTES

CATEGORY -

KEYWORDS

8

THERMALIZATION, WIGNER-WILKINS MOPFL LIGHT MODFFPATNRS,
WILKINS EQUATION HEAVY MODERATNARS, MAXWELL ODISTRIPU-

TION,

THERMAL SPECTRA
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10.

11.

12

ACC ABSTRACT 51 10/73

NAME OR DESIGNATICN CF PRCGRAM - FORM

COMPUTER FCR WHICH PRCGRAM 1S CESIGNED AND CTHERS UPON WHICH
IT IS OPERABLE - IBM7090,370, CCC1604

DESCRIPTION CF PRCBLEM OR FUNCTION - THE FCRM, OR FORTRAN-MUFT,
PROGRAM IS A FOURIER TRANSFORM SLCWING-DUWN COCE. A LIBRARY TAPE
CONTAINING 54-GROUP MICROSCOPIC CROSS SECTIONS, RESONANCE PARAME-
TERS, INELASTIC SCATTERING MATRICES, ANC SCURCE SPECTRA IS USED TO
GENERATE A 54-GROUP FLUX SPECTRUM AND FEW-GRCUP CCNSTANTS.

METHOD CF SCLUTICAN -

RESTRICTICNS ON THE COMPLEXITY CF THE PRUBLEM -

TYPICAL RUNNING TIME - ABOUT 5 TO 6 SECCNCS ARE RECUIRED.
UNUSUAL FEATURES CF THE PROGRAM -

RELATED ANC AUXILIARY PROGRAMS - MUFT, LIBRARY EDITING RCUTINES
ARE INCLUDEDC AS AUXILIARY CCLES. AITP1 PREPARES THE IBM370 VER-
SION BINARY LIBRARY TAPE.

STATUS - AESTRACT FIRST DISTRIBUTEC APRIL 19¢2.
IBM7090 VERSICN SUBMITTED MARCH 1962.
CCC1604 VERSICN SUBMITTED MARCH 1G64.
[EM370 VERSICN SUBMITTEC JULY 1972, SAMPLE PROBLEM EXE-
CUTED BY ACC.

REFERENCES - D. Jo. MCGCFF, FCRM, A FCURIER TRANSFORM FAST SPECTRUM
CODE FOR THF IBM709, NAA-SR-MEMO-576€¢, 1S€0.
FORM, NCTES CCNCERNING THE CCNTRCL DATA VERSION.
ATOMICS INTERNATIONAL FCRM CRCSS-SECTICN LIBRARY,

Al NOTE, NOVEMBER 1962.
P. KAZEMERSKY ANC S. NAKAMURA, THE FORM CODE, OHIO

STATE MODIFICATIONS TO NAA-SR-MENC-576&, 1972.
MACHINE RECUIREMENTS - 32K WITH 2 TAPE UNITS

PROGRAMMING LANGUAGES USED - FORTRAN II (IBM70S90), FCRTRAN 63
(CDC1604), FCRTRAN IV (IBM370)

(PERATING SYSTEM OR MONITOR LNDER WHICH PROGRAM IS EXECUTED -
FCRTRAN MCNITOR SYSTEM (IBM7090), CCCP (CDC1604), 0S/370 (IBM370).

ANY CTHER PROGRAMMING OR OPFRATING INFORMATICN OR RESTRICTICNS -

NAME AND ESTABLISHMENT OF AUTKCRS -
7090 R. A. BLAINE AND, D. J. MCGCFF

ATOMICS INTFRNATIONAL

P. 0. BOX 3CS
CANOCA PARK, CALIFCRNIA G13C4
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ACC ABSTRACT 51 e 10/73

15. NAMF AND ESTABLISHMENT OF AUTHOR(S) (CONTINUED)
1604 S. ELKIN

NUCLEAR APPLICATICNS CCMPUTATION CENTER
CONTROL DATA CORPORATION
CCMPUTER DIVISICN
3145 PORTER DRIVE
P. 0. BOX 10111
PALC ALTO, CALIFCRNIA 94303

370 S. NAKAMURA AND P. KAZEVMERSKY
NUCLEAR ENGINEERINC
THE CHIC STATE UNIVERSITY
206 WEST 1EBTF AVENUE
COLUMBUS, CHIO 43210

16 MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL

SOURCE CECKS (FCRM 7090-1620 CARCS, 1604-1697 CARCS, 370-1141
CARDS, AITP1 370-227 CARDS)
SAMPLE FRCBLEMS (7060-14 CARDS, 1€C4-14 CARDS, 37C-34 CARDS)
LIBRARIES (7090-5847 CARDS, 1604-5847 CARCS, 370-831S CARDS)
CONTRCOL INFORMATION (FORM JCL 270-9 CARDS, AITP1 JCL 370-8
CARDS)

REFERENCE REPORT, NOTES, AND MCDIFICATICNS

17 CATEGORY - B
KEYWORDS = FOURIEKR TRANSFORM SLCWING DCwN, FAST SPECTRA, FEW-
GROUP GROUP CONSTANTS, AITP1 CODES
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ACC ABSTRACT 52

OR DESIGNATION OF PROGRAM - SAIL

03772

CAMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WHICH
IT IS OPERABLc - [8M7090, CDCl604

DESCRIPTION

TRANSPORT EQUATION
ONE-DIMENSIUNAL PLANF CELL.

OF PROBLEM NR FUNCTION - THE MONNENFRGETTIC NEUTRAON

METHCD OF SOLUTION -

RESTRICTIUNS ON THE COMPLEXITY

PLANE GEOMETRY
APPROXIMATION = 2, 4, 6, CR 8

ORDEKR OF
1 ENERGY

GRUUP

MAXIMUM NUMBER OF REGICNS = 100
MAXIMUM NUMSER OF INTERVALS = 100

TYPICAL RUNNING TIME - THE RUNNING TIME
A SAMPLF S4 PROBLEM INVOLVING 7 MESH PDINTS RFQUIRED
INCLUDING LOADING THE PROGRAM INTO MEMURY.

ONE MINUTE.
21 SECONDS,

UNUSUAL FEATURES OF THE PROGKAM -

RELATEU ANU AUXILIARY PROGRAMS -

STATUS - ABSTRACT FIRST DISTRIRUTED APRIL 1962.

OF THE PROBLEM -

IS SOLVED USING THE DISCRETE SN MFTHCD FOR A
CELL PROPERTIES ARE COCMPUTEDN.

IS GENERALLY LESS THAN

IBM7090 VERSINN SUBMITTED MARCH 1962.

CDC1604 VERSION SUBMITTED MARCH 1964,

REFERENCES

FERBRUARY 1961,

- Be Jo LEMKF, SAIL, NAA PROGRAM NESCRIPTICN,

AI-64-MFM0-17S PUBLICATION,

AUGUST 19¢€4.

3. CARLSON, NUMFRICAL SCLUTIUN CF TRANSIENT AND

STEADY-STATE NEUTRON TRANSPNRT PROBLEMS,
SAILy, NOTES CONCERNING THE CONTPOL DATA VERSICN.

MACHINE REQUIREMENTS -

PROGRAMMING LANGUAGES USED - FORTRAN 11

LA-2260, 1%60.

(rev),

FORTRAN

63 (CDC)

OPERATING SYSTEM OR MONTTOR UNDER WHICH PRDGRAM IS EXECUTED -

ANY OTHER PRUGRAMMING OR NOPERATING INFORMATICN DR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHORS -

7090

B. Je LEMKE

ATOMICS INTERNATIONAL
P. D. BOX 309

CANIGA PARK, CALIFCRNIA
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ACC ABSTRACT 80 10772

NAVME CR DESIGNATICN CF PRCGRAM - SCR3

COMPUTER FCR WHICF PROCRAM IS DESIGNED AND CTHERS LPCN WHICH
IT IS OPERARLE - CDC6600

DESCRIPTICN CF PROBLEM OR FUNCTION - SOR3 IS ULSED FOR THE ANALYSIS
DF SYMMETRICALLY LCADEC SHELLS CF RFVCLUTICN. TFHE PROGRAM COM-
PUTES STRESSFS, STRAINS, FORCES ANC DEFLECTICNS PRCCLCED BY THER-
MAL AND MECHANICAL LCACS. NORMAL ANC TRANSVERSE SHEAR STRESSES
AND WALL THICKNESS CHANGFS ARE TAKEN INTC ACCCUNT. THE PROGRAM IS
BASED CN CONSTITUTIVE EQUATIONS WHICH RETAIN TERMS THRCUGH THE
SECCND NRDER IN THE RATIC CF THE THICKNESS TC THE LOCAL RADII OF
CURVATURPE. THESE FEATURES MAKE THE PRCGRAM APFLICABLE TC SFELL
STRUCTURES WITH MODERATELY LARGE THICKNESS TC RADILS RATIOS.

METHOD OF SOLUTION - THE NUMERICAL INTEGRATICN OF THE CCVERNING
CIFFFRENTTIAL EQUATICNS IS PERFORMEC BY A VARIABLE INTERVAL SIZE
ADAMS-MOULTCN METHCD. THE PRCBLEM IS FIRST CCNVERTEC FROM A TwWO-
PC INT BCUNDARY VALUE PROBLEM TO AN INITIAL-VALLE PRCELEM. FIVE
SEPAPATE INTEGRATICNS WITKH CIFFERENT SETS OF INITIAL CONDITICAS
ARE REQUIRED. EACH INTEGRATICN PROCEEDLS WITH AUTOMATIC ADJUSTMENT
OF INTERVAL SIZE FOR MAXIMUM SPEED WITHIN THE LIMITATICN CF PRESET
BCUNDS ON THE ASSCCIATED TRUNCATICN ERRCR,

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA CF -
30 SHELLS INTC WHICH THE STRUCTURE IS DIVIDFD
30 INPLTY POINTS FOR THE SHELL
10 PCINTS AT WHICH DETAILED STRESS PRINTOUT IS TO BE PROVICED
FOR BRITTLE FRACTURE PURPCSES

TYPICAL RUNNING TIME - AN AVERAGE TIME bF 10 SECCNDS PER CASE IS
PEQUIRED.

UNUSUAL FEATURES CF THE PRCGRAM - SOR3 KAS A BRANCHED-SHELL CPTICN
WHICH AUTCMATICALLY PERFCRMS THE CUT ANC FIT CPERATICNS ASSCCIATED
WITH THE ANALYSIS OF SUCH STRUCTURES AS A PRESSLRE VESSEL CCAN-
NECTED TO A SUPPCRT SKIRT., SPECIAL QUTPUT CPTIONS TAILOREC TO THE
NEEDS OF STRESS, FATIGUE AND BRITTLE FRACTURE CESICN EVALUATICNS
ARE AVAILAELE.

RELATED ANC AUXTILIARY FRCGRAMS - SCR3 IS AN EXTEANSICN CF THE EAR-
LIER SNR2 PROGRAM. ONE OF THF SOR3 OPTICNS PROVIDES FCOR PUNCHED
CARD OUTPUT WHICH CAN BE FED CIRECTLY TC SCRSCB (ACC ABRSTRACT
361), A KAPL PROGRAM WRITTEN TC FACILITATE TKE CHECKINC CF A GIVEN
DESIGN AGAINST STRUCTURAL CESIGN BASIS CRITERIA.

STATUS - ABSTRACT FIRST DISTRIBUTED JUNE 1668.
CCC6600 VERSICN OF SOR2 SUBMITTED JUNE 1668, REPLACED BY
REVISED VERSICN JULY 1969, REPLACEC BY SOR3 FEBRUARY
1973.



76.2

ACC ABSTRACT BC

10.

11.

12.

13.

14.

16.

17.

358 10/73

PEFERENCES - Jo Re FITCH ANC R. L. FACAN, SOR-3, A PROCRAM FCR THE
STRESS ANALYSIS OF SHELLS OF REVOLUTION, KAPL-M-7100(L),
AUGUST 30, 1971.
Je A. MIRABAL ANC D. Ge. DIGHT, SOR=II - A PROCRAM
TC PERFORM STRESS ANALYSIS OF SHELLS CF REVOLUTICN, KAPL-2292,

SEPTEMBER 15, 1963.

Fe Co CARLSON AND R. E. DCBSCN, SCRSCE, A CCMPUTER
PPCCRAM FOR THE STRESS ANC FATIGUE EVALUATION OF SHELLS CF REVOLU-
TION, KAPL-NM-56T729, APRIL 1S6S.

MACHINE RECUIREMENTS -
PFOGRAMMINC LANGUAGE USED - FORTRAN IV

OPERATING SYSTEM CR MCNITCR UNDER WHICF PRCGRAM IS EXECUTEC -
SCOPE 3.0.

ANY OTHER PRCGRAMMING CR OPERATING INFCRMATICN OR RESTRICTIONS -

NANME AND ESTABLISHMENT OF AUTKORS -
Je Re FITCH ANC R. L. FAGAN
KNOLLS ATOMIC POWER LARCRATCRY
CENERAL ELECTRIC COMPANY
SCHENECTACY, NFW YCRK 12301

MATERIAL AVAILABLE - RESTRICTEC DISTRIBUTICN
MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (2232 CARDS)
SAMPLE PRCBLEM (354 CARDS)
REFFRENCF REPORT, KAPL-M=7100(L)

CATEGORY - 1
KEYWORDS - STRESSES, SHELLS, SPHERES, CYLINDERS, TEMPERATURE DIS-

TRIBUTION, SOR2 CODES, SORSDB CCDES
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ANY OTHER PROGRAMMING OR OPERAT ING INFORMATION OR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHORS -
JUDITH KOERNER AND C. K. SANATHANAN
ARGONNE NATIONAL LABORATORY
9700 SOUTH CASS AVENUE
ARGONNE , TLLINGCIS 60439

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAI
SOURCE DECK (2122 CARDS)
BINARY DECK (711 CARDS)
SAMPLE PROBLEM (23 CARDS)
REFERENCE REPORTS, ANL-6716, AMDPL 1520/RE277, R149

CATEGORY - E
KEYWORDS - TRANSFtcR FUNCTIONS, FREQUENCY MEASUREMENTS
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NAME OR DESIGNATICN CF PROGRAM - HERESY3

COMPUTER FOR WHICH PRCGRAM IS DESIGNED ANC CTHERS UPCN WHICH
IT IS OPERABLE - IBM360

DESCRIPTIOCN OF PROBLEM OR FUNCTION - HERESY3 SCOLVES THE TWO-
DIMENSICNAL FEW-GRCUP STATIC REACTOR EIGENVALUE PROBLEM USING THE
HETEROGENECUS (SCURCE-SINK OR FEINBURG-GALANIN) FORMALISM. TFE
SOLUTION YIELDS THE REACTOR K EFFECTIVE AND ABSCRPTICN REACTICN
RATES FOR EACH ROD NCORMALIZEC TO THE MOST ABSCRPTIVE ROD IN THE
THERMAL LEVEL. EPITHERMAL FISSICNS ARE ALLCWEC AT EACKH RESCNANCE
LEVEL, AND LATTICE AVERAGEC VALUES OF THERMAL UTILIZATION,
RESONANCE ESCAPE PROBAPRILITY, THERMAL AND RESCNANCE ETA VALUES,
ANC THE FAST FISSION FACTOR ARE CALCULATED. KERNELS IN THE CAL-
CULATICN ARE RBRASEC CON AGE DIFFUSICON THECRY. BOTH FINITE REACTOR
LATTICES AND INFINITELY REPEATING REACTCR SUPERCELLS MAY BE CAL-
CULATED. ROC PARAMETERS MAY BE CALCULATED BY SEVERAL INTERNAL
OPTIONS, AND A DIRECT INTERFACE IS PRCVIDEC TC A HAMMER SYSTEM
(ACC ABSTRACT 277) LATTICE LIBRARY TAPE TC OBTAIN CELL PARAMETERS.
CRITICALITY SEARCHES ARE PROVIDED ON THERMAL UTILIZATION, THERMAL
FTA, AND AXIAL LEAKAGE BUCKLING.

METHCD CF SOLUTION - DIRECT POWER ITERATION ON MATRIX FORM CF THE
HETERNGENECUS CRITICAL ECUATICN IS USEC.

RESTRICTICANS ON THE CCMPLEXITY OF THE PROBLEM - MAXIMA OF-
50 FLLX/GECMETRY SYMMETRY POSITICNS
20 PHYSICALLY DIFFERENT ASSEMBLIES
9 RESCMNANCE LEVELS
5000 ROC COORNINATE POSITICAS

TYFICAL RUNNING TIME - FINITE REACTOR LATTICE CF 50 RODS REQUIRES
ABOUT 3 MINUTES, AN INFINITE SUPERCELL CF 15 RCDS ABCUT 2 MINUTES,
AND AN AXIAL BUCKLINC CRITICALITY SEARCH ABOUT 5 MINUTES.

UNUSUAL FEATURES CF THE FRCGRAM -

RFELATED ANC AUXILIARY PRCGRAMS - KERESY3 IS INTERFACED TO
ACCEPT CFLL DATA FROM A HAMMER SYSTEM (ACC ABSTRACT 277) LATTICE
LIBRARY TAPF ANC CALCULATE HETERCGENECUS ROD PARAMETERS AND
MORFRATCR CONSTANTS DIRECTLY.

STATUS - ABSTRACT FIRST DISTRIBUTED MARCH 1964.
IEM7090 VERSICN OF HERESY1/KERNEL SUEMITTEC CECEMBER

1963, DELETED APRIL 1972.
IEM360 VERSION OF HERESY3 SUBMITTED APRIL 1672, SANPLE

PROBLEM EXECUTEC BY ACC.
REFERENCES - C. R. FINCH, HERESY2 COMPUTER CODE, DP-1284, FEBRLARY

1572.
C. N. KLAHR, L. P. MENDELSCHN, AND J. HEITNER, HETE-
ROGENFOUS REACTOR CALCULATION METHODS, FINAL REPCRT, NYD-2680,
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REFERENCES (CONTINUED)
JUNE 30, 1S61.

Co No KLAHR, L. Bo MENCELSCHN, ANC J. KEITNER,
HETEROGENFCUS REACTOR CALCULATION METHODS, QUARTERLY PRCGRESS RE-
PORT NO. 64y NYD-2678, SEPTEMEER 30, 1960.

MACHINF RECUIREMENTS - 45K SINGLE-PRECISICN WCRDS CF HIGH SPEED
CNRE PLUS SOK SINGLF-PRECISICN WORCS CF CISK (CR DRUM) STORAGE

PRCGRAMMINC LANGUAGES USED - FORTRAN IV AND BAL

OPERATING SYSTEM CR MONITOR LNCER wWHICH FRCGRAM IS EXECUTEC -
0S/360.

ANY OTHER PRCGRAMMING CR OPERATINC INFORMATICN OR RESTRICTICNS -

NANME ANC ESTABLISHMENT CF AUTFORS -
D. Re. FINCH
Ee. I. DU PCNT DE NEMCURS
SAVANNAK RIVER LABCRATCRY
AIKEN, SOUTH CARCLINA 2G801

MATERI AL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECK (5264 CARDS)
SAMPLE PROBLEM (60 CARDS)
CONTROL INFCRMATICON (JCL-16 CARCS)
REFERENCFE REPORT, DP-12R4

CATEGORY - C

KEYWORDS - REACTIVITY, THERMAL UTILIZATICON, RESONANCE ESCAPE
PROBABILITY, 2-CIMENSICNAL, PEWER CISTRIBUTION, LAT-
TICESy THEKMAL FISSICN, HETERCCENECUS REACTCRS, FERESY1
CCDES, HAMMER CCCES
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NAME UR DESIGNATION OF PROGRAM - RATRAP

COMPUTER FOR WHICH PRNGRAM IS DESIGNED AND OTHERS UPCN WHICH
IT IS OPERABLE - 1BM7090

DESCRIPTION OF PRUBLEM OR FUNCTION - THE RATPAP PROGPAM CIOMPUTES
THE DCSE RATE AT SPECIFIEC SPAT IAL POINTS ABOUT A SYSTEM OF SNAP

GEOMFTRY.

METHOD OF SULUTION - AN ATTENUAT ION MODEL BASED ON MEAN FREF PATHS
TRAVERSED ALONG A STRAIGHT LINE TRAJECTCRY IS USED.

RESTRICTIUNS ON THE CNMPLEXITY OF THE PROBLEM -
MAXIMUM NUMbER OF CORE-REFLECTODR SNURCE PCINTS = 1000
MAXIMUM NUMBER OF DOSE POINTS = 50 (DIMENSIONS MAY BE FNTFRED
IN CENTIMETERS OR INCHES)

TYPICAL RUNNING TIME - ABNUT 100 POINTS PEF SECOND CAN BE RUN ON
THE IBM7094 WHcRE NUMBER OF POINTS = (NUMBER OF SOURCE POINTS) *
(NUMBER UF DUSE POINTS).

UNJSUAL FEATURES OF THE PROGRAM -
RELATED AND AUXILIARY PROGRAMS - MOFTIMER (ACC ABSTRACT 142)

STATUS — ABSTRACT FIRST DISTRIBUTED NCOVEMBEF 1964.
IBM7090 VERSION SUBMITTEU FEBRUAKY 1964.

REFERENCE - We B. GREEN, THF RATRAP CODE - A MODIFICATION OF
THE FARSE METHOD FOR SNAP SHIFLD GECMFTRY, NAAASRAMEMCA8968,
SEPTEMBER 13, 1963.

MACHINE REQUIREMENTS -
PROGRAMMING LANGUAGE USED - FORTRAN 11
NPCRATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXFCUTED -

ANY NTHEK PRUGKAMMING OR OPCRATING INFCRMATICN OR RESTRICTIONS -

NAME AND ESTABL ISHMENT OF AUTHOR -
R. A. BLAINE
SUPERVI SCK, REACTOR COMPUTING SYSTEMS UNTT
MATHEMATICS AND COMPUTER SCIENCES
ATOMICS TNTFRNATTONAL
P. 0O, BOX 309
CANOGA PARK, CALIFCRNIA

MATERIAL AVAILABLE -
SOURCE DECK (1322 CARDS)
SAMPLE PROBLEM (13 CARDS)
REFERENCE REPORT
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NAME OR DESIGNATION CF PRCGRAM - NPRFCCP

COMPUTER FCR WHICH PRCGRAM IS DESICNFD AND OTHERS UPCN wWHICH
IT IS OPERABLE - IBM7090, CLCE&00

DESCRIPTION OF PROBLEM OR FUNCTION - NUCLEAR FUEL CYCLE CCSTS IN
DCLLARS PER YEAR ($/YR), AND IN MILLS PER KILOWATT=HOUR (MILLS/
KWHR) ARE COMPUTED AND TABULATED FCR EACH REGICN CF 2 MULTIRECICN
REACTOR CORE, ON THE BASIS OF AEC-LEASED NUCLEAR FUEL MATEKIAL AND
OF PRIVATELY-OWNED NUCLEAR FUEL MATERIAL. FUEL CYCLE COSTS ARE
COMPUTED SEPARATELY FOR EACH REGICN CR ZCNE, FCR CCRE DESICNS CF
ANY CONFIGURATION CR CCMBINATION OF MATERIAL DEPLETICN OR ENRICHED
URANIUM FUEL CR CTHER SPECIAL NUCLEAR MATERIAL. PPINTED OUTPUT OF
THE PROGRAM INCLUDES (A) DETAILED FUEL CYCLF CCSTS FCR EACH ZCMNE
IN TABULAR FCRM, FCR AEC-LEASEC ANC PRIVATELY-COWNFD NUCLEAR FUEL
MATERIAL,y RESPECTIVELY, (B) A SUMMARY TARULATICN CF NUCLEAR FUEL
COSTS FCR ALL REGICNS CF THE COMPLETE CCOPE, INCLUDING FIXED
CHARGES CN WORKING CAPITAL RECUIREC FCR CCRE FABRICATION ANC FOR
NUCLEAR FUEL MATERIAL, (C) A SUMMARY TABULATICAN CF CERTAIN
CCMPUTED PERFORMANCE AND ECONOMIC CATA, VIZ.y AVERAGE RESIDENCE
TIME, ANNUAL FUEL THROUGHPUT, UNIT ELECTRICAL ENERGY YIELD, ANNUAL
POWER GENERATION, AND CORFE FABRICATICN CCSTS, AND (D) A TABULATICN
OF ALL INPUT DATA FOR ALL RECIONS. THE PRINTING OF CATA DESCRIBED
IN (A) AND (D) ABOVE IS CPTICNAL WITH FRCGFRAM USE.

METHOD CF SOLUTICN -

RESTRICTICNS ON THE COMPLEXITY OF THE PROBLEMV -
MAXT MUM NUMBER CF REGICNS CR ZCNES = 10
L

TYPICAL RUNNING TIME - 1 TO Z MINUTES ARE REQCUIRED.

UNUSUAL FEATURES CF THE PRNGRAM - CERTAIN OF THE OPERATING AND
ECONCMIC PARAMETERS WILL CENERALLY REMAIN CONSTANT FCR A WICE
RANGE OF REACTCR CORE CESIGNS. TFEREFCRE, THE PROGRAM INCLUDES

A SET OF STANDARD VALUES FOR THESE PARAMETERS SC THAT THE AMCUNT
OF BASIC INPUT DATA REQUIRED IS MINIMAL. THE USE CF THESE SO-
CALLED STANDARD VALUES IS CPTIONAL WITH THE FRCGRAM USER, ANC ANY
COMBINATION OF DR ALL OF THESE STANDARD VALUES MAY BE MCCIFIED AS
DESIRED. FUEL PRCCESSINC COSTS MAY BE CCMPUTED FOR SPENT-FUEL
MANAGEMENT PRNOGRAMS WHICH PRCVIDE FCR THE REPRCCESSING, SEPARATELY
OR IN ANY COMBINATION, OF SINGLE OR MULTIPLE SPENT-FLEL BATCHES
FROM ONE CR MCRE REGICNS HAVING THE SAME CR CIFFERENT FINAL
ENRICHMENTS. THUS, THE LOWEST COST SPENT-FUEL MANAGEMENT PRCGRAM
CAN BE REACILY CETERMINED.

RELATED AND AUXILIARY PRCGRANS -
STATLS - ABSTRACT FIRST CISTRIBUTEC ANCVEMBER 1Sé4.

IBM7090 VERSION SUBMITTED JUNE 1Gé€4.
CCC6600 VERSICN SUBMITTEC APRIL 1673.
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0. REFERENCE - J. T. JACKMAN, GUIDE TO NUCLEAR POWER COST EVALUATION,
TID-7025, APRIL 30, 1963.

11. MACHINE REQUIREMENTS -

12. PROGRAMMING LANGUAGES USED - FORTRAN II (IBM7090), FCRTRAN IV
(CCC6600)

13. OPERATING SYSTEM CR MCANITCR UNCER WHICH PRCGRAM IS EXECUTED -
SCCPE 3.3 (CCC6600).

l14. ANY OTHER PROGRAMMING COR OPERATING INFORMATICN OR RESTRICTIONS -

15. NMNAME AND ESTABLISHMENT OF AUTHCRS -
7090 Jo T. JACKMAN
KAISER ENGINEERS
KATSER INCUSTRIES CCRPCRATICN
KAISER CENTER
300 LAKESICE DRIVE
CAKLAND, CALIFCRNIA 94604

6600 FRANK D. TYSON
TECHNICAL CCMPUTER SERVICES
UNITEC ENGINEERS AND CONSTRUCTCRS, INC.
1401 ARCH STREET
PHILADELPHIA, PENNSYLVANIA 19105

16. MATERIAL AVAILABLE -
SOURCE CECKS (7090-1444 CARDS, 6600-1446 CARCS)
BINARY CFCK (7090-3€7 CARDS)
SAMPLE FRCBLEMS (7090-137 CARDS, 6600-136 CARCS)
REFERENCE REPDORT, APPENDIX A

17. CATEGORY - D
KFYWORDS - FUEL CYCLE ECCNCMICS, PERFORMANCE
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NAME OR DESIGNATION OF PROGRAM - INVERSE KINETICS (R102)

COMPUTER FCR WHICH PRCGRAM IS CESICGNEC ANC CTHERS UPCN WHICH
IT IS OPERABLE - CDC360C0, IBM7054,360

DESCRIPTION OF PRCBLEM OR FUNCTION = CGIVEN THE SPACE-INCEPENDENT,
ONE ENERGY GROUP REACTOR KINETICS EQUATICNS AND THE INITIAL
CONDITICNSy THIS PROCGRAM DETERMINES THE TIME VARIATION OF
REACTIVITY REQUIRED TO PROCUCE THE GIVEN INPUT CF FLUX-TIME

DATA.

METHOD OF SCOLUTICN - TIME CERIVATIVES CF NEUTRCN DENSITY ARE
OBTAINEC BY APPLICATICN OF -

(1) FIVE-PCINT QUARTIC,

(2) THREE-POINT PARABOLIC,

(3) FIVE-POINT LEAST-MEAN-SQUARE CUBIC,

(4) FIVE-PCINT LEAST-MEAN-SQUARE PARABCLIC, OR

(5) FIVE-POINT LEAST-MEAN-SQUARE LINEAR
FORMULAE TC THE NEUTRCN DENSITY OR TO THE NATURAL LOGARITHM
OF THE NEUTRON DENSITY. BETWEEN EACH CATA PCIANT THE NEUTRON
NENSITY IS ASSUMEC TO BE -

(1) EXPCNENTIAL*(THIRD ORCER PCLYNCMIAL),

(2) EXPONENTIAL, CR

(3) LINEAR,
CHANGES IN REACTIVITY BETWEEN DATA PCINTS ARE CBTAINED
ALCGEBRAICALLY FROM THE KINETICS EQUATIONS, NEUTRCN DENSITY
DERIVATIVES, AND THE ALGEBRAIC REPRESENTATION CF NEUTRON
DENSITY. FIRST AND SECONC TIME DERIVATIVES OF THE REACTIVITY ARE
OBTAINED BY USE OF ANY DF THE FORMULAE APPLICABLE TC THE NEUTRCN
DENSITY. .

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA OF -
50 DELAY GRCUPS
1000 CATA POINTS
99 CATA BLOCKS
(A DATA BLOCK IS A SEQUENCE OF INPUT PCINTS CHARACTERIZEC
BY A FIXED TIME INTERVAL BETWEEN PCINTS, A SMCCTHING OPTION
ANC A NUMBER OF REPETITIONS CF THE SMCCTHING CPTION).

TYPICAL RUNNING TIME - USINGC SIX DELAY GRCUPS, THE PROGRAM
CCMPUTES ANC OUTPUTS APPRCXIMATELY 30 PCINTS PER SECONC
(3¢00).

UNUSUAL FEATURES CF THE PROGRAM - TrIS PRCGRAM HAS BEEN USED
FOR THE DETERMINATION OF FEECBACK PARAMETERS, CCATRCL
ROD DESIGN ANC EVALUATION CF CONTROL ROD WCRTR. VARIOUS
MODES OF SCLUTION ALLCw HIGH PRECISICN WITH ANALYTIC DATA
CR THE ANALYSIS OF DICITALIZED DATA FROM RECCRDING ECUIPMENT.
SMCOTHING CF INPUT DATA MAY PE OBTAINEC BY SINGLE OR REPEATED
APPLICATICN OF =

(1) FIVE-POINT CUBIC,

(2) FIVE-PCINT PARABCLIC,
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UNUSUAL FEATURES OF THE PROGRAM (CONTINUED)

(3) THREE-POINT LINEAR, CR

(4) FIVE-POINT LINEAR
LEAST-MEAN-SQUARE SNMCCTHING FORMULAS. TABULAR OUTPUT INCLUDES
EXCFSS REACTIVITY, ITS FIRST AND SECCND DERIVATIVES, INPUT
AND SMOOTHED INPUT DATA, INTEGRAL OF NEUTRCN DENSITY, ANC
INSTANTANFCUS PERICD. PRECURSCR CATA MAY BRE INPUT OR
ORTAINED FROM THE PRCGRAM LIPRARY. STEADY-STATE INITIAL
CCADITIONS MAY BE SPECIFIED BY INPUT OF A CONSTANT REACTIVITY
OF PERIOD. NCN-STEADY-STATE CCNDITICAS RECUIRE PRECURSOR
PENSITY INFORMATION. DISCONTINUCUS CHANGES IN REACTIVITY
MAY BE GIVEN AS INPUT CR CALCULATEC BY THF PRCGRAM. ANY
NUMBER OF PFRUNS WITH VARYING SCLUTICN MCCES ANRC SMCCTHING
CPTICNS MAY BE SCHFCULED.

RELATED ANC AUXILIARY PRCGRANMS - THIS FROGRAM SUPERCEDES
RF138 AND PE171, ANL IBM704 PROGRAMS.

STATUS - ABSTRACT FIRST CISTRIBUTED FEBRUARY 1966.
CCC3600 VERSION SURMITTED DECEMBER 1S€5, SAMPLE PRCELEM
EXECUTEDA BY-UACE
IRM7094 VERSICN SUBMITTED DECEMBER 1965.
IBM360 VERSION SUBMITTED FEBRUARY 1673, SAMPLE PROBLEM
EXECUTED BY ACC.

REFERENCES - PRECURSCR LIRRARY IN PROCRAM IS FROM ANL-58C0,
SECOND EDITICN, REACTCR PHYSICS CCNSTANTS, JULY 1963.

Jeo Jo KAGANOVE, ANL-AMD PROCRAM LIBRARY REPORT R102,
JUNE 1965,

W-ANL NCTE - CHANGES MACE TC CCAVERT R102+ TC
FCRTRAN 1IV.

MACHINE RECUIREMENTS -

PRCGRAMMINC LANGUAGES USED - FORTRAN €32 (CDC3€éCC)y FCRTRAN IV
(IRM7054,2€0)

OPERATING SYSTEM CR MCNITCR UNCER WHICK PRCGRAM IS EXECUTED -
SCOPE (36CC)y IBSYS VERSION 13 (7094), AND CS/360 (360).

ANY CTHER PRCGRAMMINC CR CPERATING INFCRMATICN OR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHORS -
3600,360 J. Jo. KAGANOVE
APPLIED MATHEMATICS CIVISION
AKGONNE NATIONAL LABORATCRY
9700 SCUTH CASS AVENUE
ARGONNE, TLLINCIS 60439

7094 Ce Po SAALBACK ANC P. J. RICHARC
WESTINGHOUSE ELECTRIC CCRPORATICA
ASTRCNUCLEAR LABORATORY
P. C. BOX 1CB64
PITTSBURGH, PENNSYLVANIA 1522¢
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MATERIAL AVAILABLE -
SOURCE CECKS (3€0C-752 CARDS,
BINARY CECK (3600-403 CARCS)
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NAME OR DESIGNATION OF PROGRAM - BURP4

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND CTHERS UPCN WHICH
IT IS OPERABLE - IBMT70S0

DESCRIPTION UOF PROBLEM NR FUNCTION - BURP4 CALCULATES THE PHOTN-
FRACT ION FOR MONUENERGETIC GAMMA RAYS INTERACTING IN SOLID CYLIN-
DRICAL SCINTILLATION DETECTORS. PHCTOFRACTICON IS DEFINED AS THE
FRACTION OF INTERACTING SOURCE GAMMAS THAT ARE TOTALLY ABSNRRED
(INCLUDING SECONDARIES) IN THE CRYSTAL. ISOTPOPIC SOURCE
GEOMETRIES ALLUWED ARE ISCTRCPIC POINTS (ON OR OFF-AXIS), DISKS,
CYLINDRILAL VOLUMES. ALLOWED MONODIRECTIONAL SOURCES, NORMAL TO
CRYSTAL FACE, ARE NARROW REAM COLL IMATED TO CRYSTAL AXIS, BRNAD
BEAM ILLUMINATING ENTIRE CRYSTAL FACE, AND COLLIMATED BEAM NF ANY
SPECIFIED DIAMETER.

METHOD OF SOLUTION - USES MONTE CARLO METHCCS TO SIMULATE
TRANSPORT UF GAMMAS, AND SECONDARIES (ELECTRCNS AND
BREMSSTRAHLUNG) «

RESTRICTIJUNS ON THE COMPLFXITY OF THE PROBLEM - SCURCE ENERGY
RANGE MUST BE 0.01-30 MEV. SOLID CYLINDRICAL CRYSTALS ONLY.

TYPICAL RUNNING TIME - 4 MEV SOURCE ENERGY (2000 PRIMARY INTER-
ACTIONS) - APPROXIMATELY 3 MINUTES.

UNUSUAL FEATURES OF THE PROGRAM - ESCAPE OF ELECTRCNS GENERATED
BY PRIMARY GAMMA PRDCESSES IS DETERMINED BY SAMPLING FROM TRANS-
MISSICN DATA., BREMSSTRAHLUNG PHOTONS ARE GENFRATEC ANC FOLLOWED
THROUGH MEDIUM. ELECTRUN TRANSMISSION DATA AND BREMSSTRAHIUNG
SPECTRA DATA INCLUDED IN PROGRAM FDR NAI, AND AEOVE APPROXIMATELY
3 MEV, SGME ERROR IS INTRCOUCED IF CALCULATICN IS MATE FOR
MATERIAL UTHER THAN NAl. GAMMA RAY CROSS SECTIONS FCF NAI ARF
INCLUDED IN PRUGRAM, BUT OTHER CROSS SECTICN DATA MAY BE READ FOR
DIFFERENT SCINTILLATION MATERIALS.

RELATED AND AUXILIARY PROGRANMS -
(A) FOR ABSOLUTF TOTAL EFFICIENCIES -

(1) BURPL ISOTROPIC POINT SOURCE ON AXIS OF SYMMETRY.

(2) BURP2 SYMFTRICALLY LOCATED ISCTFOPIC CISK AND HOMO-
GENENUS CYLINDRICAL VOLUME SOURCES (CAN INCLUDE
SOURCE ABSORPTIUN AND SCATTERING).

(3) BURP3 [ISOTROPIC PCINT SCURCE LCCATEDR OFF AXIS 0OF SYM-
METRY.

(3) FUR PHOTOFRACTIONS -
(1) BURPS5 WFLL CRYSTAL, ALL ISCTRCPIC SOURCES AND COLLI-

MATED SOURCES.

STATUS - ABSTRACT FIRST DISTRIBUJED FCBRUARY 1666,
1BM7090 VERSION SUBMITTED DECEMBER 1965.
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NAME OR DES IGNAT ION OF PROGRAM — GAMTEC2

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND CTHERS UPON WHICH
IT IS OPERABLE - IBM7050, UNIVAC1107, GE625, CDC6400

DESCRIPTION OF PROBLEM OR FUNCTION — GAMTEC2 GENERATES MULTIGROUP
CONSTANTS IN THE ENFRGY RANGE FROM O TO 10 MEV FOR FITHER
HOMOGENEOUS MIXTURES OR HETERCGENEQUS ARRAYS CONSISTING OF

CYL INDERIZED LATTICE CELLS. THE THERMAL GRNUP CONSTANTS ARF
AVERAGED OVER EITHER (1) WIGNER-WILKINS L IGHT MUDERATOR SPECTRUM,
(2) WILKINS HEAVY MODERATOR SPECTRUM, OR (3) A MAXWELLIAN
DISTRIBUT ION. FOR HETEROGENENUS ARRAYS THE SPATIAL THERMAL FLUX
IS CALCULATED BY A MONOENERGETIC P3 APPROXIMATION. FOR

EPITHERMAL ENERGIESy THF SLOWING-DOWN DISTRIBUTICN IS NDESCRIRED BY
EITHER A Bl OK Pl APPROXIMATION TO THE BOLTZMANN EQUATION.
RESUNANCE ABSORPTION AND FISSICN ARE TREATEC BY THE ADLER-NORDHEIM
METHOD. AN IMPROVED METHOD NVER THAT IN GAM-1 FOR AVERAGTNG THF
RESCNANCE ABSORPTION CONTRIBUTION TC THE MULTIGROUP CONSTANTS IS
INCLUDEDe FUEL LUMPING EFFECTS ON THE FAST FISSION CF U238 AND
TH232 ARE TREATED BY AN N-FLIGHT COLLISION PROBABILITY TECHNIQUF .
GROUP CONSTANTS ARE PUNCHED CON CARDS IN HFN (DIFFUSION CODE) AND
DTF (SN TRANSPURT CODE) FORMATS.

METHCD OF SOLUTION -

RESTRICTIUNS UN THE COMPLEXITY OF THE PROBLFM - THE MAXIMUM NUMRER
OF CONCENTRIC REGIONS IN THF UNIT LATTICE CELL IS SIXTEEN. FACH
REGION MAY CONTAIN UP TO TEN ISOTOPES. GROUP CONSTANTS MAY RE
COMPUTED FOR ONE THERMAL GROUP AND FROM 1 TO 34 EPITHERMAL GFOUPS.

»
TYPICAL RUNNING TIME - A PRNARLEM REQUIRES FRUM DNE TN THREF
MINUTES UN THE I[BM7090, DEPCNDING ON THE COMPLIXITY AND NPTIONS
UTILIZED, AND 20 TO 25 SECONDS ON THE CDC6400.

UNUSUAL FEATURES UF THE PROGRAM -

RELATED AND AUXILIARY PROGRAMS - GAMTEC2 COMPINES THE ATOMICS
INTERNATIONAL TEMPEST (ACC ARSTRACT 50) AND THEC GENEFAL ATOMIC
GAM1 (ACC ABSTRACT 33) CCDES TO COMPUTE MULTIGRCUP CONSTANTS FNF
BROTH THERMAL AND EPITHERMAL NEUTRONS IN ONE CPLRATION. THF GAM]
CODE HAS BEEN EXTENDED TO TREAT RESCNANCE FISSION 8Y THE ADLFR-
NORDHEIM METHOD. ALSO, AN IMPROVEND METHOD WAS USED FCR AVFRAGING
THE RESONANCE ABSORPTION CONTRIBUTION TN THE MULTIGRUUP CONSTANTS.

STATUS - ABSTRACT FIRST DISTRIBUTED FEBRUARY 1666.
IBMTU90 VERSION SUBMITTED SEPTEMBEE 1965.
UNIVACL107 VERSION SUBMITTEC FEBRUARY 1967.
GE625 VERSION SUBMITTED JULY 1568.

CDC6400 VERSION SUBMITTED JANUARY 1973.

REFERENCES = Le Lo CARTERy, Co Re RICHEY AND C. F. HUGHEY, GAMTE(C-
II - A CUDE FUR GENERATING CONSISTENT MULTIGRNUP CONSTANTS UTI-
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REFERENCES (CONTINUED)
LIZED IN DIFFUSION AND TRANSPORT THEORY CALCULATIONS, BNWL-35,

MAY 1965, AND ERRATA.
C. Re RICHEY, NOTE TO USERS OF 7090 VERSION OF

GAMTEC-11, FEBRUARY 1967.

C. Re RICHEY, GAMTEC-I1 NOTE, FEBRUARY 1967.

R. L. BRUNNENMEYER AND R. A. MICKLE, GAMTEC-II GE-625
VERSION (NE572) USERS NOTES, BECHTEL NOTE, JULY 1968,

MACHINE REQUIREMENTS - THE CODE REQUIRES THE USE OF TWO TAPE UNITS
IN ADDITION TO THE USUAL INPUT AND OUTPUT UNITS UTILIZED IN THE
IBM FORTRAN-II MONITOR SYSTEM = ONE UNIT FOR THE SINGLE DATA
LIBRARY TAPE AND A SCRATCH TAPE IS MOUNTED ON THE OTHER. ALSO,

AN ON-L INE CARD PUNCH IS REQUIRED. THE CDC6400 VERSION USES DISK
AS SCRATCH STORAGE.

PROGRAMMING LANGUAGES USED - FORTRAN II AND FAP (7090) AND
FORTRAN IV (1107, 625, 6400)

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
FORTRAN II MONITOR SYSTEM (IBM7090), EXEC2 (UNIVAC1107), SCOPE 3.4
(CDC6400).

ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
THE GE625 VERSION HAS BEEN MODIFIED TO INCORPORATE A SIMPLE ROU-
TINE FOR CALCULATING DANCOFF CORRECTION FACTORS AND TO PROVIDE
PUNCHED OUTPUT FOR FOG (ACC ABSTRACT 28). THE CDC6400 VERSION
REQUIRES THE RUN COMPILER.

NAME AND ESTABLISHMENT OF AUTHORS -

7090,1107 Le Lo CARTER AND Ce. R. RICHEY
PACIFIC NORTHWEST LABORATORIES
BATTELLE

P. 0. BOX 999
RICHLAND, WASHINGTON 99352

7090,1107 C. E. HUGHEY
GENERAL ELECTRIC COMPANY
RICHLAND, WASHINGTON 99352

625 Re Le BRUNNENMEYER AND R. A. MICKLE
BECHTEL CORPORATION
50 BEALE STREET
SAN FRANCISCO, CALIFORNIA 94119

6400 Re Ae RYDIN
NUCLEAR ENGINEERING DEPARTMENT
REACTOR FACILITY
UNIVERSITY OF VIRGINIA
CHARLOTTESVILLEy VIRGINIA 22901

MATERIAL AVAILABLE = MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (7090-8234 CARDS, 1107-9925 CARDS, 625-6140 CARDS,
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MATERIAL AVAILABLE (CONTINUED)

6400-6347 CARDS)

SAMPLE PROBLEM (7090-18 CARDS,

6400-19 CARDS)

AUXILIARY ROUTINES (625-757 CARDS,
BCD LIBRARY (12,398 CARDS)

BINARY LIBRARY (7090-FILES 3,4,5)

REFERENCE REPORT, ERRATA,

CATEGORY - B

KEYWORDS = MULTIGROUP GROUP CONSTANTS,
CERS, WIGNER-WILKINS MODEL,
EQUATION, HEAVY MODERATORS,
METHOD, BL METHOD, THERMAL,
TION

1107-18 CARDS,

AND NOTES

222.1

02/74

625-16 CARDS,

6400-1062 CARDS)

SPECTRA, LATTICES, CYLIN-
LIGHT MODERATORS, WILKINS
MAXWELL DISTRIBUTION, PL
EPITHERMAL, DANCOFF CORREC-
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NAME OR DESIGNATION 0OF PROGRAM - FSDF3

COMPUTER FCR WHICK PRCGRAM IS CESICNEC AND OTHERS UPON WHICH
IT IS NPERABLE - UNIVAC1l10°®f

DESCRIPTICN CF PRCELEM CR FUNCTION - FSDP3 CCMPUTES POINTWISE
CROSS SECTIONS FROM SINGLE-LFVEL BREIT-hIGNER RESCNANCE FARAME-
TERS .

MFTHCD CF SOLUTICN - THE CRCSS SECTICN AT EACF ENERGY IS CCMPUTED
FRCM A SUMMATION OF CCNTRIBUTIONS FRCOM A SPECIFIED NUMBER OF
NEIGHBORINC RESCNANCES. THE CONTRIPUTICN FRCM EACK RESONANCE IS
EXPFESSED IN TERMS OF CONVENTIONAL SYMMETKIC ANC ASYMMETRIC DCP-
PLER LINE SHAPEF FUNCTICNS WHICH ARE CALCULATED FROM CONVERGENT CR
ASYMPTOTIC SERIES APPRCXIMATICAS.

RESTRICTIONS ON THE CCMPLEXITY OF THE PRUBLEM - THE MAXIMUM NUMBER
OF NEUTRON ENERGIES IS 5000 WHEN THE ENCF/B FCRMAT INPUT OPTION IS
USED AND LIMITED ONLY BY COMPUTING TIME CCNSIDERATICNS OTHERWISE.
& MAXIMUM CF 3000 RESCNANCES PER L-J STATE MAY BE USED WITH THE
ENDF/B FCORMAT INPLT CPTICN ANC 3000 S-wWAVE RESONANCES WITF THE COLD
INPUT FORMAT, THE NUMBER OF RESONANCES TO BE CCASIDERED CN EACH
SINDE OF EACH NEUTRCN ENERGY MAY BE THE SAME AS THE TOTAL NUMBER OF
RESONANCES PER L-J STATE EXCEPT WHEN THE MLLTILEVEL BREIT-WIGNER
SCATTERING CPTICN IS USEC IN WHICH CASE A MAXIMUM CF 100 RESO-
NANCES PER L-J STATE CN EACKH SICE IS ALLCwWEC. RELATIVE CRBITAL
ANCULAR MOMENTUM VALUES L GREATER THAN 2 ARE NCT ALLCWED (L=0 IS
AN S-WAVE INTFERACTICN). THE MATHEMATICAL ASSUMPTIONS NEEDEC TO
EXPRFSS THE RESULTS IN TERMS OF THE CCAVEANTICAAL DCPPLER LINE
SHAPE FUNCTIONS MAY BE INVALID AT VERY LCw NEUTRON ENERGIES. THE
RASIC FORMULATICN IS INCCMPLETE FCR THE VERY FIGH TEMPFRATURES
ATTAINABLF IN STARS UR IN NUCLEAR EXFLCSICNS.

TYPICAL RUMNING TIME - APPRCXIMATELY O.1 SECCNC PER NEUTRON ENERGY
IS REQUIRED.

UNUSUAL FFATURES CF THE PRCGRAM - THE TRUE NEUTRON ENERGY DEPEND-
ENCE OF THE TOTAL RESCNANCE WIDTH IS USED. THE MULTI-LEVEL BREIT-
WIGNER SCATTERING CPTICN IS PROGRAMMEC SO THAT NC ADDITIONAL DCP-
PLER LINE SHAPE FUNCTICN EVALULATICNS ARE REQUIREC WHEN THIS OPTION
IS USED.

RELATED ANC AUXILIARY PRCGRAMS - THE FSCP2 (UNCOCUMENTEC) AND TKE
FASCOP CODES ARE EARLIER VERSICNS OF THE FSDP3 CCDE.

STATLS - ABSTRACT FIRST CISTRIBUTEC JULY 196¢€.
IBM7044 VERSION OF FASDOP SUBMITTED FERRUARY 1966,
DELETED AUGUST 1972.
UNTVAC1108 VERSICN CF FSDP3 SUBMITTEC AUGUST 1972.

KEFERENCES - D. R. MATHEWS, FSDP3, A COMPUTER PRCGRAM FOR COMPUT-
ING CROSS SECTIONS FROM RESONANCE PARAMETERS, CULF-GA-A12052,
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10.

11.

12.

13.

l4.

1é.

17.

REFFRENCES (CCNTINUEC)

APRIL 5y 1672.
Co A. STEVENS, FASDOP, A FCRTRAN IV CCMFUTER FRGGRAM

FCR COMPUTING CRCSS SECTICNS FROM RESCNANCE PARAMETERS, CAMD-¢56%,
AUGUST S,y 19¢€5.

MACHINE RECUIREMENTS - 50,511 CECIMAL WCRCS FOR CATA STCRACGE PLUS
7995 WORDS FOR INSTRUCTICNS, A CROSS SECTICN OUTPUT TAPE IS
CPTIONAL, ANC 2 SCRATCH FILES (TAPE CR CRUM) ARE RFQUIREC.

PROGRAMMINC LANGUAGE USEC - FORTRAN V

OPERATING SYSTEM CR MONITCR UNCER wWHICH PRCGRAM IS EXECUTEC -
EX'EC=8%

ANY OTHER PROGRAMMING CR OPERATING INFCRMATICN OR RESTRICTIONS -
NO UNUSUAL PROGRAMMING TRICKS ARE USEC. THE PRCCRAM STRLCTURE
CCNSISTS OF A MAIN PRCGRAM (FSCP3) ANC FIVE SUBROUTINES (FSCP,
UPDN, RFVERS, QPUN, AND DELTM). ARRAY ECUIVALENCINC IS USEC ONLY
FCR THE PUNCHEC OUTPUT SUBROUTINE QPUN. SUBRCLTINE CELTM CALLS A
SYSTEM ROUTINE NAMED TICKER wHICH RETURNS THE TIME OF CAY IN UNITS
OF 1/60 OF A SECOND. FOR A GIVEN CRBITAL ANGULAR MCMENTUM L, CNLY
RESONANCES WITH THE SAME CCMPCUNC NUCLEUS SPIN J (AND HENCE THE
SAME STATISTICAL FACTCR GJ) ARE ALLCwWEC TC INTERFERE. TEIS MEANS
THAT, IN CASES IN WHICH AN AVERAGE VALUE CF THE SPIN J HAS BEEN
USED FOR CERTAIN RESCANANCE LEVELS BECAUSE OF INSUFFICIENT EXPERI-
MENTAL DATA, ALL SUCH LEVELS wILL INTERFERE AMCNG THEMSELVES WHEN
THE MULTILEVEL BREIT-WIGNER SCATTERING OPTION IS USED.

NAME AND ESTABLISHMENT OF AULTHCR -
Ce Re MATHEWS
GULF GENERAL ATCMIC CCMPANY
P. D. BOX &C8
SAN CIECC, CALIFORNIA 62112

MATERTAL AVATLABLE - MAGNETIC TAPE TRANSMITTAL
SCURCE CECK (1063 CARDS)
SAMPLE PRCBLEM (94 CARCS)
CONTROL INFORMATION (25 CARDS)
REFERENCE REPCRT, CULF-CA-8120%2

CATEGORY - A
KEYWORDS - RESCNANCE CROSS SECTIONS, BREIT-WIGNER, MULTILEVEL,
SCATTERING, FSDP2 CCDES, FASDCP COCES
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NAME OR DESIGNATION OF PROGRAF - WANFUM

COMPUTER FCR WHICH PROGRAM IS CESIGNEC AND OTHERS UPCON WHICH
IT IS OPERABLE - IBM7044, CDC6600

DESCRIPTION CF PRCBLEM CR FUNCTION - THIS PROGRAM CALCULATES FUE
CYCLE COSTS ON A DETAILED BASISy, USING RESULTS OF NUCLEAR
DEPLETICN CALCULATIONS AND CERTAIN SPECIFIED ECONOMICS
ASSUMPTIONS. THE PURPCSE IS TC PRCVICE A MEASURE OF PERFORMANCE
FOR COMPARING OR OPTIMIZING FUEL CYCLES ANC ASSCCIATED REACTOR
CORE AND FUEL ELEMENT CHARACTERISTICS.

METHOD OF SOLUTION - WAMPUM FOLLCWS A PROCEDURE SIMILAR TO THAT
CUTLINED IN GUIDE TC NUCLEAR POWER COST EVALUATION, TID-7025,
VOLUME 4, WITH SCME MCDIFICATICN TC PROVICE MORE GENERALITY IN
APPLICATION.

RESTRICTICNS ON THE COMPLEXITY CF THE FROBLENM -
TYPICAL RUNNING TIME - LESS THAN 1 MINUTE IS REQUIRED.

UNUSUAL FEATURES OF THE PROGRAM -

(A) BOTH GOVERNMENT ANC PRIVATE FUEL CWNERSHIP CONSIDERED.

(B) CAPITAL COSTS OF FUEL CYCLE CPERATIONS ARE EVALUATED
DIRECTLY, BY APPLYING AN INTEREST RATE TC THE
FAPRICATION CCST ANC INVENTORY VALUE, AND IMPLICITLY,
BY HOLDING CONSTANT THE PRESENT VALUE CF EACH CCST ITEM
OVER THE IRRACIATION PERIOD.

(C) PRCVISION IS MADE FOR CISTINGUISPIQG BETWEEN FEC ANC
BRED FUEL.

(D) TWC FUEL PARTICLE TYPES FAVINC CIFFERENT ENRICHMENTS
CAN BE ACCOUMMODATED WHICH PERMITS CALCULATICAS
INVOLVING SEGREGATED FUEL.

RELATED AND AUXILIARY PRCGRANMS - REVISED GAD (ACC ABSTRACT 223)
STATUS - ABSTRACT FIRST CISTRIBUTEC JULY 1966.

IBM7044 VERSION SUBMITTED FEBRUARY 1966.

CCC6600 VERSION SUBMITTED APRIL 1973.

REFERENCE - F. W. TODT AND J. R. TRIFLETT, A GENERAL FUEL CYCLE
ECONCMICS CODE, GA-5316, OCTOBER 27, 1S65.

MACHINE REQUIREMENTS - 32K IBNT7044, 2 TAPES (INPLT, CUTPUT,
SYSTEM)

PFOGRAMMING LANGUAGE USED - FCRTRAN IV
CPERATING SYSTEM CR MCANITCR UNCER WHICKH PRCGRAM IS EXECUTEC -

IBM7040/7044 OPERATING SYSTEM (16/32K), VERSICN S, SCOPE 3.3
(CCC6600) .

L
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14. ANY CTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTIONS -

15. NAME AND ESTABLISHMENT OF AUTHCRS -
7044 F. Wo. TODT AND J. R. TRIPLETT
GULF GENERAL ATOMIC INCORPORATED
P. 0. BOX 6C8
SAN DIEGO, CALIFORNIA 92112

6600 FRANK D. TYSON
TECHNICAL COMPUTER SERVICES
UNITEC ENGINEERS ANC CONSTRUCTORS, INC.
1401 ARCH STREET
PHILADELPHIA, PENNSYLVANIA 15105

1é. MATERIAL AVAILABLE -
SCURCE CECKS (7044-1009 CARDS, €6CC-1C1S CARDS)
SAMPLE FPRCBLEMS (7044-62 CARCS, 6600-62 CARCS)
REFERENCE REPORT

17. CATEGORY - D
KEYWORDS - FUEL CYCLE ECONCMICS, DEPLETICN, PERFCRMANCE, FUEL
ELEMENTS, REVISEC GAC CODES
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RELATEDU AND AUXILIARY PRCGRAVS -

STATUS - ABSTRACT FIRST DISTRIBUTEN APRIL 1Gé&7.
CDC3600 VERSION SUBMITTED JUNE 1966, SAMPLF PROBLEM EXE-
CUTED BRY ACC.,

REFFRENCES - A. DE VOLPI, K. G. PNRGES ANDC G. JENSEN, COMPUTF®
CONDE FOR RELDJCTION OF COINCIDFNCE COUNTING DATA, INTEFNATICNAL
JOURNAL OF APPLIED RANDIATION ANC [ISOTOPES, VOL. 17, 1SK6.

Ge JENSFN, COINC, FOR REDUCTICN NOF COINCIDENCE COUNT-
ING DATA, ANL PRUGRAM L IBRARY REPORT 1198/RP-258, JUMNE G, 1964,

MACHINE REQUIREMEeNTS -
PPOGRAMMING LANGUAGE USEC - FORTRAN 63

OPEPATING SYSTEM UR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPEs

ANY OTHER PROGRAMMING OR CPERATING INFCRMATICN OR RESTRICTINNS -

NAME AND ESTABLISHMENT OF AUTHORS -
A. NDE VOLPI, Ke Go. PORGESy, AND G. JENSEN
ARGONNE NATIONAL LABCRATORY
9700 SNUTH CASS AVENUF
ARGONNE y TLLINCIS 60439

MATERTAL AVAILABLE -
SOURCE DECK (3600-416 CARDS)
BINARY DECK (3600-217 CARDS)
SAMPLE PROBLEM (3600-31 CARDS) »
REFERENCE KEPORTS

CATEGCRY - O
KEYWORDS - COINCIDENCE METHODS, STATISTICS, CECAY MEASURFMENTS,
DATA PROCESSING
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NAME DR DESIGNATION OF PROGRAM - LASER

CCMPUTER FCR WHICH PRCGRAM IS CESICNED AND OTHERS UPCN WHICH
IT IS NPERABLE - IBM7064,36C/370

DESCRIPTION CF PRCBLEM CR FUNCTION - LASER IS BASED CN MODIFIED
VERSIONS OF THE SLCWING-DCWN PRCGRAM MUFT ANC THE THERMALIZATICN
TRANSPORT THEORY PRUGRAM THERMOS, AND PERFCRMS A CALCULATICAN CF
THE NFUTRON SPECTRUM IN A UNIFORM LATTICE MADE UP OF CYLINDORICAL
RODS,y, CLACCING, AND SURRCUNDING MCDEFRATOR. THE THERMAL CUTOFF IN
LASER 1S 1.B55 EV. THE PRCGRAM PERFCRMS A BURNUP CALCULATION FOR
THE LATTICE. THE SPATIAL DISTRIBUTICN CF BURNUP WITHIN THE FUEL
RCDS IS EXPLICITLY CALCULATED. THE PROGRAM WILL, AT OPTION,
ACCOUNT FOR ALL NCN-LINEARITIES ANC MUTUAL CCNNECTIONS IN THE SYS-
TEM OF BURNUP EQLATIONS. THIS CALCULATICN ACCCUNTS FCR THE VARIA-
TICN OF THE NEUTRCN FLUX IN SPACE ANC ENERGY DURING EACH TIME-
STEP. A BUCKLING AND A BCRCN PCISCN SEARCF (CRITICALITY SEARCH)
AP E PROVIDED AS OPTIUNS. OUTPUT INCLUDES EDITS IN THE ENERGY
RANGE ZERO LESS THAN CR EQUAL TO E LESS THAN OR EQUAL TO 0.625 EV.

METHOD OF SOLUTION - THE METHCDS USEC IN SCLVING THE NEUTROAN
TRANSPORT EQUATICN ARE ESSENTIALLY THOSE UTILIZED BY THE MUFT AND
THERMOS PROGRAMS. THE NCN-LINEAR EFFECTS IN THE BURNUP EQUATICNS
ARE ACCOUNTED FOR BY COMPUTING THE RATE OF CHANGE CF THE NEUTRON
FLUX WITK TIME AND BY USING THE RUNGE-KUTTA NUMERICAL PROCECURE TO
RECOVER THE FLUX AS A FUNCTICN CF TIME. THE CEPLETICN ECUATIONS
ARPE SOLVED BY ASSUMING A PCLYNOMIAL EXPANSICN FOR EXPONENTIAL
FUNCTIONS. THE PRCDUCTICN ANC LCSS CF CHAIN MEMBERS DURING IRRA-
CIAT ION ARE EVALUATED BY SIMPLE MATRIX ALGEBRA. THE PRCCEDURE
ALLOWS FOR A TIME-DEPENDENT FLUX, IN THE FCRM OF A POWER SERIES.

RESTRICTICNS ON THE COMPLEXITY OF THE PROBLEM - THIS VERSION OF
LASER IS RESTRICTEC TC ONE-DIMENSIONAL, CYLINDRICAL GEOMETRY. THE
MAXIMUM NUMBER CF SPACE POINTS IS 14, WITF A FAXIMUM CF 5 SPACE
PCINTS IN THE FUEL REGION. THE CODE IS RESTRICTED TC 4 MIXTURES
(FUEL, CLACDING, MCDERATOR, ANC NON-ABSCRBING HEAVY SCATTERER).
THE MODERATOR CAN BE FITHER LIGHT WATER (NELKIN CR FREE GAS SCAT-
TERING KERNEL), CR HEAVY WATER (NELKIN SCATTERING KERNEL). THE
CLADDING MATERIAL CAN BE STAINLESS STEEL, ALUMINUM CR ZIRCALLOY-2.
THE FUEL CAN BE A METAL, OXIDE OR CERMET. THE EPITHERMAL AND FAST
ENERGY RANCES INCLUDE 50 ENERCY GROUPS. TFE THERMAL RANGE IN-
CLUDES 35 ENERGY GROUPS. ONLY THE U235 CHAIN (THRCUCH U236) AND
THE U238 CHAIN (THROUGH PU24Z) ARE AVAILABLE IN THE CODE. THE
FISSICN PROCUCTS ARE SEPARATED INTC XE135, THE DIRECTLY PROCUCED
SM14G, AND ALL OTHER FISSION PRODUCTS LUMFED INTC CNE PSEUCC FIS-
SICN PRODUCT. THE CRCSS SECTIONS FOR THE LUMPED FISSION PRCDLCTS
ARE REPRESENTED BY POLYNOMIALS IN THE BURNUP. TKE SPATIAL DIS-
I:;BngCN CF U238 RESONANCE CAPTULRES WITHIN THE FUEL RCDS IS

uT. -

TYPICAL RUNNING TIME - THE GREATER PART OF THE LASER EXECUTICN
TIME IS CONSUMED BY THE THERMOS CALCULATICN. EXECUTION TIMES FOR
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13.
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15.

TYPICAL RUNNING TIME (CONTINUED)

NO-BURNUP CASES ARE APPROXIMATELY 1-2 MINUTES WHEN THE MAXIMUM
NUMBER OF SPACE POINTS IS SPECIFIED. FCR A BURNUP PRCELEM, EXECU-
TICN TIME IS 1-2 MINUTES WHEN THE LINEAR APPRCXIMATICON IS CHOSEN,
AND 4-6 MINUTES WHEN NCN-LINEAR EFFECTS ARE INCLUCEC.

UNUSUAL FEATURES CF THE PROGRAM - THE PRGGRAM PRCVIDES A CCMPLETE
EDIT FOR THE LATTICE IN THE ENERGY RANGE ZERC LESS THKAN CR ECQUAL
TO E LESS THAN OR EQUAL TO TEN MEV, INCLUDING INTEGRAL QUANTITIES
AND HOMCGENIZED FEW-GRCUP CROSS SECTICNS. THE USER HAS A CHOICE
OF THERMAL NEUTRON SCATTERING KERNELS, RESCNANCE SELF-SHIELCINC
TREATMENTS, ANC CELL CRITICALITY SEARCHES. A LINEAR AND A NON-
LINEAR TREATMENT CF THE BURNUP EQUATICNS ARE PROVICEC. THKE
DETAILED SPATIAL BURNUP DISTRIBUTICN WITHIN THE FUEL RCDS IS TAKEN
INTO ACCCUNT. A BURNUP FPRCBLEM CAN BE CCNTINUED AFTER ANY TIME-
STEP, BY USING A SPECIAL INPLT CECK PUNCHED AFTER EACH TIME-STEP.

RELATED ANC AUXILIARY PRCGRAMS - LIBP4 GENERATES THE THERMAL
LIBRARY TAPE. SIGl CCNVERTS, BY INTERPCLATICN, THE CRCSS SECTION
DATA CNRRESPUNDING TO A GIVEN ENERGY MESH TO CRCSS SECTICN DATA
SUITABLE FCR INPUT TC THE LIPP4 PROGRAV,

STATUS - ABSTRACT FIRST DISTRIBUTED APRIL 1S67.
IBM7094 VERSICN SUBMITTEC AUCUST 196¢.
IBM360 VERSION SUBMITTED FEBRUARY 1973, REPLACEC SEFTEM-
BER 1673, SAMPLE PROBLEM EXECUTED BY ACC.

PEFERENCES - C. G. PONCELET, BURNUP FHYSICS CF HETERCGENEOUS REAC-
TOR LATTICES, WCAP-6069, JUNE 1965.

Ce Go PONCELET, LASER - A DEPLETICN PRCCRAM FCOR LAT-
TICE CALCULATIONS BASEC ON MULFT AND THERMOS, WCAP-6073, APRIL
16€6.

LASER, ACC NO. 245.360, ACC PRCGRAMMINC NCTE 74-7,
OCTOBER 1973.

MACHINE RECUIREMENTS - 32K IBM7064,7050,7094-11 WITF OVERLAY TAPE,
LIBRARY TAPE, AND 3 SCRATCK TAPES. 15CK IBM36C wWITH LIBRARY TAPE
AND 2 SCRATCH UNITS.

PRCGRAMMINC LANGUAGES USED - FORTRAN IV (IBM7CS94,360), LIBRARY
(IBM70S4) IN MAP

OPERATING SYSTEM DR MUNITOR ULNDER WHICH PROGRAM IS EXECUTEL -
STANDARD [PV FCRTRAN IV MCNITCR (IBM7094), 0S/260 (IEM3€0).

ANY CTHER PROGRAMMINC OR OPERATING INFCRMATICN OR RESTRICTICAS -

NAME AND ESTABLISHMENT OF AUTKCRS -
7094 C. G. PONCELET
ATOMIC PCWER CIVISICNS
PWR PLANTS DIVISICA
WESTINGHOUSE ELECTRIC CCRPORATICN
P. C. BCX 355
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15. NAME AND ESTABLISKMENT OF AUTHOR(S) (CONTINUED)
PITTSBURGH, PENNSYLVANIA 15230
360 C. E. CARSON
NUCLEAR ENGINEERINC ERANCF
TENNESSEE VALLEY AUTHCRITY
303 PCWER BUILCING
CHATTANOOGA, TENNESSEE 37401

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECKS (LASER 7094-5844 CARCS, 360-7762 CARCS, LIBP 7094~
422 CARDS, 260-385 CARDS, SIG1 7094-170 CARDS,
360-165 CARCS)
SAMPLE PROBLEMS (LASER 7064-17 CARDS, 360-15 CARCS, LIBP 7094-
1498 CARDS, 3€0-14S6 CARDS)
LIBRARIES (LASER 7094-2664 CARDS, 360-140 BINARY RECORCS)
LOAD MODULE LASER.LOAD (2é6C-320 BLCCKS)
CONTROL INFORMATICAN (JCL 2€0-24 CARDS)
REFERENCE REPORTS AND ACC NOTE

17 CATEGORY - B
KEYWORDS - SLOWING DCWN, THERMALIZATICN, SPECTRA, LATTICES, DEPLE-
TION, 1-DIMENSIONAL, CYLINDERS, CRITICALITY SEARCHES,

LIBP4 CCDES, SIG1 COCES
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NAME OR DESIGNATION OF PROGRAVM - R101

COMPUTER FCR WHICH PRCGRAM IS DESIGNED AND OTHERS UPCN WHICH
IT 1S OPERABLE - CDC3600, IBM7094,360

DESCRIPTICN CF PRCBLEM CR FUNCTION - R101 SOLVES THE SPACE-INDE-
PENDENT, ONE-ENERGY GROUP REACTOR KINETICS EQUATIONS TO CETERMINE
THE TIME VARIATION OF NEUTRON DENSITY GIVEN SPECIFIED INITIAL CON-
DITIONS. ANY OF FOUR FRCGRAMMEL REPRESENTATIONS OF EXCESS REAC-
TIVITY CAN BE SELECTED.

METHOD OF SOLUTICON - THE METHCC CF SCLUTICN WAS ORIGINALLY
DESCRIBED IN ANL-5577.

RESTRICTICAS CN THE CCMPLEXITY CF THE PRCBLEM -
MAXTMUM NUMBER OF DELAY GRCUPS = 2C

TYPICAL RUNNING TIME - APPRCXIMATELY 360 CALCULATICAS PER SECONC
CAN BE PERFORMED ON THE CDC3éCC.

UNUSUAL FEATURES CF THE PRCGRAM = AN INTERRUPT FACILITY IS INCOR-
PCRATED WHICH PERMITS PARAMETER CHANGES AND EDIT CR TERMINATICN
WHEN A SPECIFIFD VALUE CF A PARAMETER IS ATTAINED.

RELATED AND AUXILIARY PROGRAMS - R10Z (ACC ABSTRACT 168) IS THE
INVERSE PRCGRAM,

STATUS - ABSTRACT FIRST DISTRIBUTED APRIL 1967.
CDC3600 VERSICN SUBMITTEC OCTOBER 1966- SAMPLE PROBLEV
EXECUTED BY ACC.
IBM7094 VERSION SUBMITTED NOVEMBER 1S66.
[ BM360 VERSION SUBMITTED FEBRUARY 1973, SAMPLE PROBLEM
EXECUTED BY ACC.

REFERENCES - Jo Jo KAGANCVE, REACTCR KINETICS, R101 AMC PROGRAM
LIBRARY REPORT, OCTOBER 7, 1G€4.

R. C. BRITTAN, SCOME PROBLEMS IN THE SAFETY OF FAST
REACTORS, ANL-5577, MAY 1956.

MACHINE RECUIREMENTS -

PROGRAMMING LANGUAGES USED - FCRTRAN &3 (CCC36C0) ANC FORTRAN IV
(IBMT7094,360)

OPERATING SYSTEM OR MONITOR LNDER WHICH PRCGRAM IS EXECUTEC -
SCOPE (CDC3600), IBSYS (IBM70S4), 0S/3€C (IBM3€0).

ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTICNS -
NANME AND ESTABLISKMENT CF AUTHORS -

3600, 36C Je. Jeo KAGANOVE
APPL IED MATHEMATICS DIVISION
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15. NAME AND ESTABLISHMENT OF AUTHCR(S) (CONTINUED)
ARGCANE NATICNAL LABORATCORY
9700 SOUTH CASS AVENLE
ARGONNE, ILLINOIS €C43S

7064 Le I. ORTENBERG ANC P. J. SIPUSFH
WESTINGHOUSE ASTRONUCLEAR LABCRATCRY
P. C. BOX 10864
PITTSBURGH, PENNSYLVANIA 15236

1¢é. MATERIAL AVAILABLE -
SOURCE DECKS (3600-435 CARDS, 7094-392 CARDS, 360-450 CARCS)
BINARY [CECK (3600-165 CARDS)
SAMPLE PRCBLEMS (3600-36 CARCS, 7094-3¢ CARCS,360-36 CARDS)
REFERENCE RFPORT, AMD PRCGRAM LIBRARY REPCRT

17. CATEGORY - E
KEYWORDS - SPACE-INDEPENDENT KINETICS, REACTIVITY



1.

2.

4.

6e

7.
Be

9.

10.

11.

383

ACC ABSTRACT 265 04772

NAME OR DESIGNATION CF PRCGRAM - RSAC

COMPUTER FCR WHICH PRCGRAM IS CESIGCNED AND CTHERS LPON WHICH
IT IS OPERABLE - IBM3é&C

DESCRIPTION CF PRCBLEM CR FUNCTION - RSAC GENERATES A FISSICN PRC-
DUCT INVENTORY FRCM A GIVEN SET OF REACTCR OPERATING CONCITICNS
ANC THEN CCMPUTES THE EXTERNAL GAMMA DOSE, THE DEPCSITICN GAMMA
DOSEy AND/CR THE INFALATICN-INGESTION COSE TC CRITICAL BCDY CRGANS
AS A RESULT OF EXPCSURE TO THESE FISSICN FRCCUCTS. FRCGRAM OUTPUT
INCLUDES REACTOR OPERATING HISTORY, FISSICN PRCDUCT INVENTCRY,
DOSAGESy AND INGESTICN PARAMETERS.

METHCD CF SOLUTION - THE FISSION PROCUCT INVENTORY GENERATED BY
THE REACTOR OPERATING CCNDITICNS ANC THE INVENTORY REMAINING AT
VAR IOUS TIMES AFTER RELEASE ARE COMPUTED USING THE EQUATICNS CF

We RUBINSCN IN JCURNAL CF CHEMICAL PFHYSICS, VOL. 17, PAGES 542-
547, JUNE 1949, THE EXTERNAL GAMMA CCSE ANC THE CEPCSITION GAMMA
DDSE ARE CALCULATED BY DETERMINING DISINTEGRATICN RATES AS A FUNC-
TICN OF SPACE AND TIMF AND THEN INTEGRATING USING HERMITES NUMERI-
CAL TECHNICUES FOR THE SPATIAL DEPEANDENCE. THE INFALATICN-INCES-
TICN DOSE 1S DETERMINED BY THE TYPE AND QUANTITY OF ACTIVITY
INHALED ANC THE BIOLOGICAL RATE COF CECAY FCLLOWING INHALATION.
THESE QUANTITIES ARE INTEGRATED WITH RESPECT TC TIME TC CBTAIN THE
LCSACE. TFE INGESTION DCSE IS RELATED TO THE INHALATICN DOSE BY
AN INPUT CCNSTANT.

RESTRICTICNS CN THE CCMPLEXITY OF THE PROBLEM -

TYPICAL RUNNING TIME - ABOUT 6 MINUTES ARE RECUIREC TC RUN BOTK
SAMPLE PRCBLENMS.

UNUSUAL FEATURES OF THE PROGRAM -
RELATEC ANC AUXILIARY PRCGRANS -

STATUS - ABSTRACT FIRST DISTRIBLTED APRIL 1S67.
IBM7040 (MAP) VERSICN SUBMITTEC JANUARY 1967, DELETED
AUGUST 1Sé8.
IBM7040 (FCRTRAN) VERSION SUBMITTED ALGLST 1968, DELETED
JULY 1972.
IBM360 VERSION SUBMITTED JULY 1572, SAMPLE FRCBLEM EXE-
CUTEC BY ACC.

REFERENCES - R. L. COATES AND N. R. HCRTCAN, RSAC - A RACIOLCCICAL
SAFETY ANALYSIS CCMPUTER PRCGRAM, IC0-17151, MAY 1Sé€.

L. C. RICHARDSCN, USERS MANUAL FCR FORTRAN VERSICN OF
RSAC, A RADIOLOGICAL SAFETY ANALYSIS COMPUTER PRCGRAFM, IC0-17261,
MAY 1968.

MACHINE REQUIREMENTS - 150K BYTES AND 1 TAPE CRIVE
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12. PROGRAMMING LANGUAGE USED - FORTRAN IV

13. OPERATING SYSTEM CR MONITOR UNCER WHICKF PRCGRAM IS EXECUTEC -
0S/360.

14. ANY OTHER PROGRAMMING CR OPERATING INFCRMATICN OR RESTRICTIONS -

15. NAME AND ESTABLISHFMENT OF AUTHOR -
L. C. RICHARCSCN
AEROJET NUCLEAR CORPORATICN
P. C. BCX 1845
IDAHO FALLS, ICAHC 83401

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (2344 CARCS)
SAMPLE PROBLEM (965 CARDS)
CCNTROL INFORMATION (JCL 63 CARDS)
LOAD MCCULE (120 BLOCKS)
REFERENCE REPORTS

17. CATEGORY - G
KEYWORDS - RADIDACTIVITY, CCNTINUOUS RELEASE, INSTANTANEOUS
RELEASE, FISSICN PRODUCTS, ATMCSPHERE, COSE RATES
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NAME OR DESIGNATION OF PROGRAM - PDQ7

COMPUTER FCR WHICH PRCGRAM IS CESIGNED AND CTKERS UPON WHICFK
IT IS OPERABLE - CDCé6CO, IBM36Q

DESCRIPTION OF PROBLEM CR FUNCTION - PCC7 SOLVES FEW-GROUP NEUTRON
DIFFUSTON-DEPLETION PROBLEMS IN ONE, TWC, AND THREE DIMENSICNS.
ADJOINT SOLUTICNS ARE ALSO AVAILABLE ANC TwO OVERLAPPING THERMAL
GROUPS MAY BE USED IN ONE ANC TWC-DIMENSICANAL PRCELEMS. EITHER

PO INTWISE OR REGIONWISE DEPLETION MAY BE PERFCRMED USING THE HAR-
MCNY DEPLETICN SYSTEM. THE CECMETRY MAY BE RECTANGULAR, CYLINDRI-
CALy OR SPHERICAL IN ONE DIMENSION, RECTANGULAR, CYLINDRICAL, OR
HEXAGONAL IN TWO DIMENSIONS, AND RECTANGULAR CR HEXAGONAL IN THREE
DIMENSIONS. ALL GECMETRIES PROVICE FCR VARIABLE MESK SPACING IN
ALL DIMENSIONS. ZERO FLUX, ZFRC CURRENT, ANC RCTATICNAL SYMMETRY
BOUNDARY CCNDITIONS ARE AVAILABLE, ANC BOUNDARY VALLE PROBLEMS MAY
BE SOLVED BY SPECIFYING THE FLUX VALUES CN CNE CR MCRE BCUNCARIES.
THE BETTIS REVISEC PDQ7 MAY BE USED TC ALSC SCLVE ADDITIVE FAST-
SOURCE AND SIMPLIFIED PL PROBLEMS AS WELL AS THE THREE-CIMENS IONAL
SYNTHESIS EIGENVALUE PROBLEM. CCATRCL SEARCHES, THERMAL FEECBACK,
AND XENCN FEEDBACK ARE CPTICNAL. TKE IBM260 ANC VERSION CAN BE
USED TO SOLVE THREE-DIMENSICANAL SYNTHESIS PROBLEMS.

METHCD CF SOLUTION - CIFFERENCE EQUATIONS ARE CBTAINED AT EACH
POINT BY INTEGRATING THE DIFFERENTIAL EQUATICNS OVER AN APPROPRI-
ATE MESF ELEMENT. THE RESULTING EQUATIONS ARE THREE-PCINT, FIVE-
PCINT, AND SEVEN-PCINT IN ONE, TWO, ANC THREE DIMENSIONS EXCEPT
FOR HEXAGOMNAL GECMETRY, WHERE THE NUNMPER CF PCINTS IS INCREASEC BY
TWC. THE CROUP EQUATIONS ARF SOLVED USING A SINGLE-LINE CYCLIC
CHEBYSHEV SEMI-ITERATIVE TECHNIQUE ANC THE'SOURCE ITERATIONS ARE
ACCELERATEC BY A PROCEDURE BASED CN CHEEBYSHEV PCLYNCMIALS.

RESTRICTIONS CN THE CCMPLEXITY CF THE PRCBLEM - THE TOTAL NUMBER
OF GROUPS IS LIMITED TO S. THE PRCDUCT CF GRCUPS ANC PCINTS CAN-
NCT EXCEED 300,000 AND THE PLANE SIZE IN THREE-DIMENSIONAL PRCB-
LEMS IS RESTRICTED TO 8000 POINTS. FCR TKHE BETTIS REVISED PDC7
SIX EQUATICNS MAY BE SOLVED WHEN THE FAST GRCLP TREATMENT IS SIM-
PLIFIED P3. THERE ARE VERY FEW FIXED CCNSTRAINTS ON SPATIAL PROB-
LEM SIZES. THF BETTIS REVISED PDQ7 HAS SUCCESSFULLY RUN EXPLICIT
THREE-DIMENSIONAL PROBLEMS UP TO ABOLUT B00,000 GROLP PCINTS.
THREE-DIMENSICNAL SYNTHESIS PROBLEMS UP TC 15,000,000 GROUP POINTS
HAVE ALSO BFEN EXECUTED SUCCESSFULLY.

TYPICAL RUNNING TIME - THE RUNNING TIME IN HOURS MAY BE ESTIMATED
BY DIVIDING THE PRODUCT OF GRCUPS ANC PCINTS BY 150000. THE AC-
TUAL TIME MAY VARY WICELY FROM THIS ESTIMATE DLE EITHER TO SPECIAL
CONVERGENCE DIFFICULTIES OR TO THE CCMPLEXITY OF THE CEPLETICN
FORMULATICN. SAMPLE PROBLEM RUNNING TIME CN THE 360/195 IS ABOUT
4 MINUTES.

UNUSUAL FEATURES OF THE PRCGRAM -
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10.

11.

RELATED ANC AUXILIARY PROGRAMS - FARMONY TABLE SETS MAY BE INPUT
ON CARDS OR MAY BF ORTAINEC FROM A FILE GENERATED BY A CROSS SEC-
TICN PROGRAM. CN RECUEST, PCQ7 WILL PREFARE CUTPUT FILES CCN-
TAINING FLUX, CONCENTRATION, POWER, INTEGRAL, GECMETRY, AND SYN-
THESIS INTEGRAL DATA, ANC THESE FILES MAY BE FURTHER PROCESSED IN
AUXILIARY PROGRAMS. THE BETTIS VERSICN CF PDC7 USES THE NEW
BETTIS ENVIRONMENTAL ROUTINES, WHICH HAVE NOT YET BEEN RELEASED.
THE B+wW VERSICN USES THE B+w VERSICN CF THE BETTIS ENVIRONMENTAL
ROUTINES (ACC ABSTRACT 478).

STATUS - ABSTRACT FIRST CISTRIBUTED CECEVMBER 1967.

CDC6600 (BETTIS) VERSION SUBMITTED MAY 1S€7, REPLACED BY
UPDATED VERSION JUNE 1671.

IBM360 (IBM) VERSICN SUBMITTED FEBRUARY 1969, CELETEC
NOVEMBER 1971.

CCCh600 (RABCOCK ANC WILCOX) VERSION SUBMITTEC FEBRUARY
1970.

IEM360 (AEROJET NUCLEAR) VERSION SUBMITTED APRIL 1570,
REVISED APRIL 1971, REPLACED BY THIRD REVISION AUGUST
1972, REVISED MARCH 1972, SAMPLE PRCEBLEM EXECUTED BY
ACC.

CDC6600 KRCANCS (BOEING) VERSICN SUBMITTEC JULY 1973.

REFERENCES - W. R. CACWELLy PCQ-7 REFERENCE MANUAL, WAPD-TM-678,
JANUARY 19¢7.

Re Jo BREENy O. J. MARLOWE, AND C. J. FFEIFER,
HARMCNY - SYSTEM FCR NUCLEAR REACTOR CEPLETICN COMPUTATION,
WAPD-TM-4T78, JANLARY 16é€5.

OUTPUT FOR THE BETTIS CDC-6600 REVISED VERSION OF
PCQ7, 1571,

C. J. PFEIFER, PDQ-7 REFERENCE MANUAL II, WAPC-TM-
947(L)y FEBRUARY 1971.

C. J. PFEIFER, CCC-6600 FCRTRAN PROGRAMMING - BETTIS
ENVIRONMENTAL REPORT, WAPD-TM-668, JANUARY 1967.

INSTALLATICN OF PCQ-7 ON THE CDC 6600 IN CONJUNCTION
WITH MODEL, CDC NOTE, 1971.

A. W. BROWNy J. A. MCCLURE, AND R. J. WAGNER, SUMMARY
OF PDQ-7 (IBM-360-370 VERSION) INPUT CATA REQUIREMENTS AND OPERAT-
INC PROCEDURES, ANCR-1061, MARCH 1972.

. PDQ-7 TRANSMITTAL TAPE (ACC NO. 275.3€CD), ANC NCTE,

1972.

Re Jo WAGNER, OPERATIONAL NOTES FCR PDQ-7/14, ACC NO.
275.360D, ANC NOTE, 1972.

UPD, A PRCGRAM TC UPCATE SOURCE CECKS, ANC NCTE
PO1750.

NRTS ENVIRCAMENTAL SUBRCOUT INE MANUAL, ANC DOCUMENT,
CECEMBER 1972.

PDQ7, ACC NO. R275.6600C, ARGONNE CODE CENTER PRO-
GRAMMING NOTE 74-16, DECEMBRER 3, 1973,

MACHINE REQUIREMENTS - THE CENTRAL MEMORY SIZE FOR THE BETTIS VER-
SION MUST BE AT LEAST 64K ANC THERE MUST BE FOUR NON-SYSTEM DISKS,
EACH ON ITS OWN CHANNEL. THE 360 VERSION REQUIRES AT LEAST 400K
BYTES CF CCRE ANC MODEL 2314 OR 3330 DISK PACKS.
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12. PEOUOGRAMMINGC LANGUAGES USED - FORTRAN IV AND ASCEANT (6600), FORTRAN
IV(H) AND PAL (360)

13. OPERATING SYSTEM OF MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE 3.0 (BETTIS REV.), SCOPE 3.1.6 (B+W £600), 0S/360(360), AND
KRONOS 2.C (BCS 4600).

14. ANY OTHER FROGRAMMING CR CPERATING INFORMATICN OR RESTRICTIONS -

THE REQUIRED SOFTWARE ENVIRCAMENT IS CESCRIBEC IN REFERENCE 5.
IT INCLUDES ROUTINES FOR PROGRAM LOADING, INPLT CCNVERSICN ANC
PROCESSING, STCRAGE ANC RETRIEVAL OF PERMANENT FILES, SCRATCH
INPUT/OUTPUT, AND STORAGE ALLCCATION. CALL REMARK IN SURRCUT INE
CASENN REFERS TO A 6600 SYSTEM ROUTINE FOR DISPLAY OF MESSAGES ON
THE OPERATCR SCOPE. CALL TICK REFERS TC A 6600 SYSTEM RCUTINE FOR
LCGGING JOB TIME USED. SUBSTITUTE ROUTINES wILL BE REQUIREC FCR
USE OF THIS PROGRAM CN CTHER MACHINES.

15. NANE AND ESTABLISHMENT OF AUTKORS -

£600 he R. CADWELL ANC C. J. PFEIFER
WESTINGHOUSE ELECTRIC CCRFCRATICN
BETTIS ATOMIC POWER LABORATORY
P. 0. BOX 79
WEST MIFFLIN, PENNSYLVANIA 15122

360 R. J. CREASY
INTERNATIONAL BUSINESS MACHINES CCRFCRATICN
2670 HANCVER STREET
PALO ALTO, CALIFCRNIA 94304

360 R. J. WAGNERy, J. A. MCCLURE, AND A. W. BRCWN
CCMPLTER SCIENCE BRANCK
AEROJET NUCLEAR COMPANY
P. C. BOX 1845
IDAHO FALLS, IDAHO 83401

6600 B+h Me Lo CECH ANC R. W. MCCRANEY
CCNTRCL DATA CCRPCRATICN
G. R. POETSCHAT AND G. L. RUSSELL
THE BABCOCK + WILCCX CCMPANY
POWER GENERATICA DIVISICON
P. C. BCX 1260
LYNCHBURG, VIRGINIA 24505

6600 KRCNOS  F. M. KNOX
BOEING COMPUTER SERVICES, INC.
P. D. BOX 24346
SEATTLE, WASKINGTON SE8124

16. MATERIAL AVAILABLE - PESTRICTED DISTRIBUTICN

MAGNETIC TAPE TRANSMITTAL (BETTIS 66C0-3 TAPES, B+w
6600-2 TAPES, AEROJET 360-1
TAPE, BCS 66C0-1 TAPE)
SOURCE CECKS (BETTIS 6600-51,497 CARCS, B+W 6600-27,446 CARDS,
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16. MATERIAL AVAILABLE (CONTINUED)
AEROJET 360-38,258 CARDS)
UPDATE FILES (BOEING UPDATE OLDPL CF PDC7 6600-238 RECORDS,
UPDATE OLDPL OF BETTIS ENVIRCNMENTAL ROUTINES
6600-130 RECORCS, MCCIFY CPL OF PCQyMFN,CATLIST
6600-20 RECCRDS)
IBM 2314 LOAD MODULE (AERCJET PCS PCQTRNMT 260-1811 BLOCKS)
SAMPLE PRCBLEMS (BETTIS 66C0-80 CARDS, AERCJET 360-761 CARCS,
B+W €6C0-€9 CARDS)
AUXILIARY PROGRAMS (AERCJET BUFR 246 CARDS, PDQDI 41 CARDS,
PDQD 148 CARDS, PDQR 107 CARDS, PCQTL 53
CARDS, MISCELLANECUS 3127 CARCS)
FLUX FILES (AERCJET 360-137 BLCCKS)
SAMPLE PROBLEM OUTPUT LISTINGS (BETTIS 66CC-36 PACES, AEROJET
3€0-€S PAGES)
REFERENCE REPORTS, WAPC-TM-678, WAPD-TM-668, WAPC-TM=-947(L),
ANCR-1061y NRTS MANUAL, AND NCTES

17. CATEGORY - D
KEYWORDS - DEPLETION, DIFFUSION EQULATIONS, 1-DIMENSICNAL, SLABS,
CYLINDERS, SPHERES, 2-CIMENSIONAL, HEXAGONAL, X-Y, R-Z,
3-DIMENSIONALy X=Y-Z, SYNTHESIS, FEW-GRCUP, SEARCFES,
HARMONY COCES, UPD CODES, BUFR CODES, PDQDI CODES, PDQD
CODES, PDQR CCDES, PCQTL CCCES
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NAME OR DESIGNATION OF PROGRAM - SEALSHELL2 (MC110)

COMPUTER FCR WHICH PRCGRAM IS CESICNEC AND CTHERS UPON WKICK
IT IS OPERABLE - CDC66CC, IBM36C

DESCRIPTION OF PROBLEM CR FUNCTION - THE SEALSFELL2 PROGRAM DETER-
MINES STRESSES, STRAINS, DEFLECTIONS, AND REACTICNS IN A THICK
SHELL CF REVCLUTICN WITH AXISYMMETRIC LCADING. THE LOADING CON-
SISTS OF A TEMPERATURE DISTRIBUTICN, INSICE ANC CUTSIDE PRESSURF
DISTRIBUTICNS, AND CIRCUMFERENTIAL FORCES AND MOMENTS APPLIED TO
THE MIDCLE SURFACE. THE SHELL IS LINEAR-ELASTIC WITF TENSILE,
BENDING, AND SHEAR STRAINS.

METHOD CF SOLUTION - TKE SHELL IS DIVIDED INTO 2 TO 100 SEGMENTS.
EACH SECMENT IS SUBJECTED TO 11 DEFCRMATICN SHAPES, WHCSE MACNI-
TUDES ARE CALCULATED BY THE PRINCIPLE OF VIRTUAL WORK. THAT IS,
FOR SMALL VIRTUAL CHANGES IN MAGNITUDE, THE CHANGES IN STRAIN
ENERGY AND EXTERNAL WORK ARE DETERMINFD. THEN EQUATING THE ENERGY
TO THE WORK GIVES A SET CF SIMULTANECUS EQUATIONS WHICH MAY BE
SOLVED FOR THE MAGNITUDES.

RESTRICTICAS CN THE CCMPLEXITY OF THE PROBLEM - MAXIMA OF -
100 SEGMENTS
11 DEFCRMATION SHAPES PER SEGMENT

TYPICAL RUNNING TIME - EXECUTICN TIME CN AN IEBM360/40 IS 0.7
MINUTES PER ELEMENT.

UNUSUAL FEATURES OF THE PROGRAM - THE FROGRAM WILL KANCLE THICK
SHELLS OF REVOLUTION, AS WELL AS THE USUAL THIN SHELL STRUCTURES.
AS DISCUSSED IN ADDENDUM I, AN OPTICN ALLCWS THE REQUESTOR TO
INPUT INFLLENCE COEFFICIENTS CF THE FLEXIBILITY MATRIX OF ANY SEG-
MENT. THE COEFFICIENTS MAY BE FOR ANY AXISYMMETRIC STRUCTURE,
SUCH AS A TUBE SHEET IN A HEAT EXCHANCER. IN THIS WAY, CIFFERENT
BRANCHES OF SHELLS MAY BE CONNECTED TOGETHER. ANCTHER APPLICATICN
IS TO CCNDENSE A GROUP CF SEGMENTS INTO A SINGLE ELEMENT WHICH MAY
BE USED IN A SERIES OF PROBLEMS AND SC CUT DCwN RUNNINC TIME CN
THE COMPUTER. ALSO, USING THE CONDENSED GROUPS CF SEGMENTS AS A
SINGLE SEGFMENT ALLCWS THE USFR TO SPECIFY MORE ELEMENTS IN TFHE
ANALYSIS OF A CRITICAL REGIUN IN THE SHELL.

RELATED AND AUXILIARY PROGRAMS - THE CCC6600 VERSION A USES TFE
BETTIS ENVIRONMENTAL ROUTINES (ACC ABSTRACT 478).

STATUS - ABSTRACT FIRST DISTRIRUTEC CECEMBER 1567.
CDC 6600 VERSION A SUBMITTED AUGUST 1967, REVISEC JUuLY
196S.
IBM360 VERSICN SUBMITTEC JANUARY 1572, SAMPLE PROBLEM
EXECUTED BY ACC.
CCC6600 VERSICN B SUBMITTEC NOVEMBER 1972.
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10.

11.

12.

15.

l16.

R 10/72

PFFERENCES - Co M. FRIEDRICH, SEAL-SHELL-24 A COMPUTER PROGRAM FOR
THE STRESS ANALYSIS CF A THICK SFELL OF REVOLUTION WITH AXISYM-
METKIC PRESSURES, TEMPERATURES, AND DISTRIBUTEC LCACS, WAPC-TM-
298, DECEMPER 1963, ADDENDUM 1, APRIL 1967, ANC ADDENDUM I,
JUNE 1965.

C. J. PFEIFER, CNC-6£0C FCRTRAN PROCRAMMING - BETTIS
FANVIRONMENTAL REPCFT, WAPC-TM-66&8, JANUARY 1667.

L. MCFAN, EXCERPT FRCM WESTINGHOUSE TELE-CCMPUTER
CENTER STANDARDS AND FACILITIES REPCRT, 1G£G.

DCCUMENTATICN CIFFERENCES PERTAINING TO WTSC VERSION
NF SEALSHFELL2, WTSC NCTE, NCVFMBER 1572.

MACHINE RECUIREMENTS - 32K MENORY (CCC6600), 185K BYTES MEMORY
(IBM260C)

PFOGRAMMINC LANGUAGE USEC - FCRTRAN IV

NPERATING SYSTEM OFR MONTTOR ULNDEP WHICH PRCGRAM IS EXECUTED -
SCCPE 2.0 (CCC6600) ANC CS/3€0 (IBM360).

ANY CTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTICNS -
AN OPTICN IS INCLUDED TC PLCT THE SKHELL GECMETRY ON THE CDC280
MICFOFILM RECORDER WITH THE 660C VERSICN A OR CON THE CALCCMP663
WITH THE 360 VERSICN. THE €€00 VERSION B INCLUDES AN OPTION FOR
A SHELL GECMETRY PLCT AND A STRESS PLCT CN EITHER THE CALCCMP OR
THE NDATAGRAPHIX PLOTTFR USING THE WTSC PLCT PACKAGE CF SUBRCUTINES
WHICH ARE IN THE WTSC LIBRARY ANC ARE CESCRIBED IN REFERENCE 3,
BUT ARE NOT INCLUDED IN THE SCURCE DFCK. THESF SUBRCUTINES
INCLUDE PLCT1l, PLDT2, PLOT3, LINE, RAISE, PRESFET, WXACNV, WXLABL,
PSCHR, AND PDVICE. THE PRCGRAM WILL RUN WITKHCUT PLOTS IF THESE
SUBROUTINES ARE DUMMIED OUT.

NAME AND FSTABLISKFMENT OF AUTHCRS -
6600A C. M. FRIEDRICH
BETTIS ATOMIC POWER LABCRATORY
WESTINGHOUSE ELECTRIC CCRPCRATICN
Ps Do BOX 7S
WEST MIFFLIN, PENNSYLVANIA 15122

360 P. G. GARSIDE
STEARNS-RCGER INCCRPORATED
700 SCUTH ASH
P. O. BOX 5€88
DENVER, COLCRACO 80217

66008 W. P. KUNKEL
MANACER, APPLICATICN SUPPCRT
WESTINGHNUSE TELE-CCMPUTER SYSTEMS CCRPCRATICN
2040 ARDMORE BOULFVARD
PITTSBURGH, PENNSYLVANIA 15221

MATERIAL AVAILABLE - RESTRICTED DISTRIBUTICON
MACNFTIC TAPE TRANSMITTAL
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420.1
ABRSTRACT 2€2 =3= 10772

MATERIAL AVAILABLE (CCNTINUED)
SOURCE CECKS (6600A-1999 CARCS, 360-2059 CARDS, €€00B-2202
CARDS)
SAMPLE PRCBLEMS (6600A-31 CARLCS, 360-31 CARDS, €600B-31 CARDS)
SAMPLE FRCBLEM OUTPUT (25 SELECTEC PAGES)
REFERENCE REPORTS, WAPD-TM-368, ACDENDUM I, ADDENCLM II,
EXCERPT, ANC NCTEF

CATEGORY - 1
KEYWORDS - STRESSES, SHELLS, PRESSURE CISTRIBUTION, TEMPERATURE
DISTRIBUTION, DEFCRMATICN, ELASTICITY
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NAME AND ESTABLISHMENT 0OF AUTHOK -
Y. Do NALIROFF
GULF GENERAL ATOMIC INCOKPORATED
P. 0. BOX 608
SAN DIEGN, CALIFORNIA 92112

MATERIAL AVAILABLE -
SOURCE DECK (1108-358 CARDS)
REFERENCE REPURT

CATEGCRY - B
KEYWORDS - ELASTIC SCATTERING CRCSS SECTIUONS, HEXAGONAL LATTICES,
ANISOTROPIC SCATTERING, AVERAGES
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NAME OR DESIGNATION OF PROGRAM - PSEUCC

COMPUTER FCR WHICH PRCCRAM IS DESIGNED AND OTHERS UPON WHICH
IT IS OPERABLE - UNIVAC1108, IBM360

DESCRIPTICN OF PROBLEM OR FUNCTION - RESONANCE PARAMETERS ARE CON-
STRUCTED FROM AVERAGE NUCLEFAR PROPERTIES IN THE RESOLVED RESONANCE
REGION.

METHCD COF SCLUTICN - RANDCM SAMPLINC TECHNIQUES ARE USED TO SELECT
FROM ASSUMED DISTRIBUTION FUNCTICNS FCR LEVEL SPACINCS AND WIDTES.

RESTRICTICNS ON THE CCMPLEXITY CF THE PRCBLEM - MAXIMA OF -
500 LADDERS
4000 RESCNANCES PER LACCER

TYPICAL RUNNING TIME - 9 SECCANDS ARE REQUIREC FOR CNE LADDER OF
1248 RESCNANCES.

UNUSUAL FEATURES OF THE PROGRAM -

RELATED ANC AUXILIARY PRCGRAMS - QUTPUT CATA MAY BE PREPARED FOR
THE GAM2, GAROL (ACC ABSTRACT 219), CR GAP (ACC ABSTRACT 316) PRO-
CRAMS.

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 16G67.
UNIVAC1108 VERSICN SUBMITTEC JULY 1Gé7.
IBM360 VERSICN SUBMITTED JUNE 1969, SAMPLE PROBLEM EXE-
CUTELC BY ACC.

REFERENCE - M. W. DYCS, CCNSTRUCTICN CF STATISTICAL RESONANCES IN
THE UNRESOLVED RESONANCE REGION, THE PSEUDC CCDE, GA-7136, MAY 26,
1966.

MACHINE REQUIREMENTS - 15K MEMORY
PROGRAMMING LANGUAGE USEC - FCRTRAN IV

CPEFATING SYSTEM CR MCNITCR UNDER WHICH PROGRAM IS EXECUTED -
EXEC II (UNIVAC1108), CS/360 (IBRN360).

ANY CTHER PRCGRAMMING CR CPERATING INFORMATICN OR RESTRICTIONS -
THE USER CAN CHOCSF EITHER TWC OR THREE CECREES OF FREEDCM FOR THE
CISTRIBUTICN OF FISSION WIDTHKS.

NAME AND ESTABLISHMENT OF AUTHCRS -
1108 D. MATHEWS
GULF GENERAL ATOMIC INCCRPORATED
Pe C. BCX 6CR
SAN CIEGO, CALIFORNIA 62112

360 L. GARCIA CE VIECMA
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NAME ANC ESTABLISHMENT OF AUTHOR(S) (CONTINUED)
NEA COMPUTER PRCGRAM LIBRARY
ISPRA, ITALY

MATERIAL AVAILABLE -
SOURCE DECKS (1108-326 CARDS, 32€0-318 CARDS)
SAMPLE FRCBLEMS (1108-6 CARCS, 360-6 CARDS)
REFERENCE REPORT

CATEGORY - A
KEYWORDS - RESOLVED REGION, RESONANCE PARAMETERS, STATISTICS,
INPUT DATA PREPARATION
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NAME OR DESIGNATION OF PROGRAM - MARS

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH
IT IS OPERABLE - [IBM7094

DESCRIPTION OF PROBLEM OR FUNCTION - MARS PERFORMS A COUPLED NEU-
TRONICS-HYDRODYNAMICS CALCULATION FOR A FINITE CYLINDER CORE WITH
CONCENTRIC REGIONS OF DIFFERENT COMPOSITIONS AND CHARACTERISTICS
TC OBTAIN THE TIME-DEPENDENT ENERGY RELEASE THAT RESULTS FROM THE
INSERTION OF REACTIVITY ACCORDING TC A PRESCRIBED PROGRAM. THE
BASIC USE FOR THIS PROGRAM IS FOUND IN ANALYSIS OF FAST REACTOR
CORE COLLAPSE ACCIDENTS. THFE REACTIVITY CHANGES DUE TO MATERIAL
DISPLACEMENT IS DETERMINED BY THE USE OF PERTURBATION THEORY AND
THE PRESSURE GENERATION FOR THE HYDRODYNAMICS CALCULATION IS DE-
TERMINED BY THE THE USE OF AN EXPONENTIAL FORM FOR THE SATURATED
VAPOR PRESSURE CURVE. THE DOPPLER EFFECT IS DETERMINED BY THE USE
OF A FLEXIBLE T*%(-N) FORM WHERE N IS A PARAMETER THAT IS SPECI-
FIED AT THE TIME OF EXECUTION. THE EXTERNAL REACTIVITY INSERTION
CAN BE IN THE FORM OF A STEP, A LINEAR RAMP OR A PARABOLIC RAMP,
WITH A LIMIT ON THE AMOUNT 0OF REACTIVITY WHICH CAN BF INSERTED
BEING A DEFINABLE QUANTITY. TABULATED VALUES OF THE POWER AND
MATERIAL WORTH DISTRIBUTIONS ARE ACCEPTED AS INPUT. THE CHARAC-
TERISTICS OF EACH REGION (DENSITY, SPECIFIC HEAT, DOPPLER COEFFI-
CIENT, EQUATION OF STATE, GEOMETRIC LIMITS) ARE SPECIFIEC INDE-
PENDENTLY FOR EACH REGION TO PROVIDE FLEXIBILITY IN THE TRFATMENT
OF CORES OF UNUSUAL CONFIGURATION. THE NEUTRON KINETICS CALCULA-
TIONS ARE DONc WITH A POINT REACTOR MODEL AND DELAYED NEUTRONS ARE
USED.

METHOD OF SOLUTION - THE APPROXIMATE HYDRODYNAMICS EQUATIONS AND
THE NEUTRON KINETICS EQUATIONS ARE SOLVED BY THE RUNGE-KUTTA
METHOD. THE FEEDBACK REACTIVITY DUE TO MATERIAL MOTICN IS CALCU-
LATED BY SIMPLE NUMERICAL SUMMATIONS T0O APPROXIMATE SURFACE AND
VCLUME INTEGRALS.

RESTRICTIONS ON THE COMPLEXITY OF THE PRNOBLEM - MAXIMA OF -
6 REGIUNS
6 DELAYED NEUTRON GRNUPS

TYPICAL RUNNING TIME - 5 MINUTES ARE REQUIREC WHEN 2 REGIONS ARE
USED AND THE PROBLEM IS STARTED FRNOM DELAYED CRITICAL.

UNUSUAL FEATURES OF THE PROGRAM - MARS WILL SCLVE THE SEVERFE
EXCURSION PROBLEM IN AN R-=Z GEOMETRY FOR A CYLINDRICAL CORE WITH
AS MANY AS 6 REGIONS.

RELATED AND AUXILIARY PROGRAMS — THE RUNGE-KUTTA SUBFOUTINE SPDEQ
(GENERAL MOTORS) IS USEC.

STATUS — ABSTRACT FIRST DISTRIBUTED DECEMBER 1967.
[BM7094 VERSION SUBMITTED AUGUST 1967.
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15.

16.

17.

NAME AND ESTABLISHMENT OF AUTHOR(S) (CONTINUED)

GULF GENERAL ATOMIC INCORPORATED
P. 0. BCX 608
SAN DIEGO, CALIFORNIA 62112

6600 AUTHOK
D. W. DRAWBAUGH
WESTINGHOUSE ELECTRIC CORPORATION
ASTRONUCLEAR LABORATCRY
BOX 10864
PITTSBURGH, PENNSYLVANIA 15236

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL (4 TAPES)

SOURCE DECKS (GGC4 1108-11,567 CARDS, WTFG 1646 CARDS, MAKF
1033 CARDS, MST 463 CARDS, PRINT 769 CARDS, MIXER
500 CARDS, MGT3 251 CARDS, SPRINT 334 CARDS,
COMBIN 479 CARDS, DCP 927 CARLCS, GGC4 6600-
11,504 CARDS)
SAMPLE PROBLEMS (GGC4 1108-38 CARCS, 6600-38 CARDS)
FAST UATA TAPE (60 NUCLIDES - TAPE 2 - 1108-2772 BINARY
RECORDS, 6600-1703 BINARY RECORDS)
FAST DATA TAPE (151 NUCLIDES - TAPE 3 - 1108-7362 PINARY
RECORDS, 6600-4436 BINARY RECORDS)
THERMAL DATA TAPE (222 NUCLIDES - TAPE 4 - 1108-2854 BINARY
RECORDS, 6600-1539 BINARY RFCNRCS)
REFERENCE REPOKTS AND NOTES

CATEGORY - B
KEYWORDS = MULTIGROUP CROSS SECTIONS, AVERAGES, FAST, THERMAL,

SPECTRA, DOPPLER BROACENING, DANCOFF CORRECTION, ANGU-
LAR DISTRIBUTION, RESONANCE PARAMETERS, MAKE CNDES,
MST CODES, PRINT CODES, MIXER CODES, WTFG CDDES, MGT3
CODESy SPRINT CODES, COMBIN CODES, DOP COCES
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NAME OR DESIGNATION OF PRCGRAM - LION4

COMPUTER FCR WHICH PRCGRAM IS CESIGNED ANC OTHERS UPON WHICH
IT IS OPERABLE - CDC6600,76CC,y, UNIVAC 11C®8

DESCRIPTICN OF PRCBLEM CR FUNCTION - LICN4 IS A COMPUTER PROGRAM
FOR CALCULATING ONE, TwO, OR THREE DIMENSICNAL TRANSIENT AND
STEADY-STATE TEMPERATURE CISTRIBUTICNS IN REACTCR AND REACTOR
PLANT COMPCNENTS. IT IS USEC PRIMARILY FCR THERMAL-STRUCTURAL
ANALYSES. IT UTILIZES FINITE DIFFERENCE TECHNICUES WITH FIRST-
CRDER FORWARC CIFFERENCE INTEGRATION AND IS CAPABLE CF HANDLING
A WIDE VARIETY OF BOUNDING CCADITICAS.

HEAT TRANSFER SITUATIONS ACCOMMODATED INCLUDE FCRCED AND FREE
CONVECTICN IN BCTH RECUCEC ANC FULLY-AUTCMATEC TEMPERATURE CEPEN-
CENT FORMS, COOLANT FLOW EFFECTS, A LIMITED THERMAL RADIATICAN
CAPABILITY, A STATICNARY OR STAGNANT FLUIC GAP, A CUAL CEPENDENCY
(TEMPERATURE DIFFERENCE AND TEMPERATURE LEVEL) HEAT TRANSFER, AN
ALTERNATIVE HEAT TRANSFER MODE COMPARISON ANC SELECTION FACILITY
COMBINED WITH HEAT FLUX DIRFCTICN SENSCR, ANC ANY FORM OF TIME-
DEPENDENT BOUNDARY TEMPERATURES. THE PRCGRAM, WHICH HANCLES TIME
AND SPACE CEPENDENT INTERNAL HEAT CENERATICN, CAN ALSC PROVIDE
TEMPERATURE DEPENDENT MATERIAL PRCPERTIES wWITF LIMITED NCN-1SO-
TRCPIC PROPERTIES. USER-ORIENTED CAPABILITIES AVAILABLE INCLUCE
TEMPERATURE MEANS WITH VARICUS WEIGHTINGS AND A COMPLETE HEAT FLOW
RATE SURVEILLANCE SYSTEM.

METHOD CF SOLUTICN - THE MOCELING IS BASED ON THE CONCEPT OF NODAL
POINTS CCNNECTED BY ONE-DIMENSICNAL THERMAL CCANCUCTANCE ECUATICNS
IN AS MANY AS SIX DIRECTICAS SIMULTANEOUSLY. THE EXPLICIT, CR
FIRST FORWARD DIFFERENCE METHCC, IS THEN USED TO OBTAIN THE SOLU-
TIONS TO THESE EQUATIONS FOR THE THREE-DIMENSICNAL FIFLD. THE
TEMPERATURE CHANGE FCR A SURFACE NOCE IS CALCULATED BY APPLYING
THE OHMS LAW ANALCGY FOR HEAT FLCw TC A NCCE WITH NC CAPACITANCE.

RESTRICTICNS ON THE CCMPLEXITY CF THE PROBLEM - DYNAMIC ALLCCATICN
11*D1 + 26*N2 + 20%D3 + 3*D4 + 17*%D5 + 3%[C6 + S1 # S2 + S3 + S4
LESS THAN CR EQUAL TO 24%00

VARTABLE NUMBER CF EXTERNAL CONNECTIONS (D1)

VARTABLE NUMBFR OF INTERNAL NCDES (02)

VARIABLE NUMBER CF SURFACE NODFS (D3)

VARTABLE ANUMBFR CF BCUNCARY NCCES (C4)

VAR TABLE NUMBER OF COCLANT NODES (D5)

VARITABLE NUMBER CF INTERFACE NOCES (Dé6)

S1=STORAGE FOR TEMPERATURE MEANS AND CIFFERENCES

S2=STORAGE FOR HEAT FLOW SUBROUTINE

S3=STORAGE FOR CONVECTIVE FEAT TRANSFER CALCULATICN

S4=STORAGF FOR VARIABLE LIBRARIES
USTING INCREASED NODAL CAPABILITY FEATURE WITH ADMITTANCE MATRIX IN
ECS THIS ALGCRITHM BECCMES--
11%D1 + 10%D2 + 4*D3 + 3%#D4 + 17%D5 + 3%Dé& + S1 + S2 + S3 + S4

15 MATERIALS
7*D2 INTERNAL CONNECTIONS
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10.

RESTRICTICNS ON THE CCMPLEXITY OF THE PRCBLEM (CONTINUED)

12 COCLANT CHANNELS (EACK WITH 4 SIDES MAXINUN)
77 PRINTOUTS

7 INTERNAL CCNNECTICNS PER IANTERNAL NODE

6 SURFACE CONNECTIONS FER SURFACE NCCE

6 TYPES OF TEMPERATURE MEANS ANC DIFFERENCES SETS
10 GRAPHS (CDC6600,7500 CALY)

12 CURVES PER GRAPH (CDC&600,7€6CC CALY)

17 TYPES CF CUANTITIES CRAPHABLE (CCC6600,7600 ONLY)
4 SUB-CONLED NUCLEATE BCILING REGIONS

5 TYPES OF HEAT FLOW RATE SETS

TYPICAL RUNNING TIME - THE RUNNING TIME CN THE CCC6600 IS STRONGLY
DFPENDENT CN THE NUMBER OF NODES, THEIR RELATIVE AND ABSCLUTE
SIZE, AND THE TIME RANGE CCNSICEREC. TFHE SAMPLE PROBLEM EXECLTES
IN ONLY A FEW SECONDS ON THE CDC6€00. EXECUTICN OF THE UNIVAC1108
SAMPLE PROBLEM REQUIRES 5 SECCNDS.

UNUSUAL FEATURES OF THE PROGRAM - SUBCCCLEC NUCLEATE BCILINC MaAY
BE CONSIDEREC. HOWEVER, THIS CONSIDERATION IS LIMITED TO WATER.

RELATED AND AUXILIARY PROGRANMS - SUFFORT PROGRAMS INCLUDE THE PLI
SERIES CF PREPROCESSCRS FOR SELECTEC CECMETRIES, THE GRAPL
GRADIENT PLCTTER, HCAL2, WHICH EVALUATES FEAT TRANSFER COEFFI-
CIENT EQUATIONS FOR SELECTED CONDITICNS, AND CONLI, WHICH REANUM-
BFRS INPUT CATA AND INSERTS SPARE NOCE NUMBERS OF 2 DIFFERENT
KINDS TO PERMIT CONSOLIDATION OF GECMETRY [NPUT FOR ENTRY INTC A
LARCE PFOBLEM. LION SUPERCFDES EARLIER IBM704 AND FHILCC 2000
FRCGRAMS CALLEC TICER.

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1S67.
CCC4600 VERSICN SUBMITTEC OCTCBER 1967, REPLACEC BY FIRST
REVISION AUGUST 1968, REPLACEC EY SECCAC REVISICN
JANUARY 1970, REPLACED BY THIRD REVISION JULY 1672.
UNIVAC1108 VERSION SUBMITTEC JUNE 1971.

REFERENCES - J. Re SCHMICy Ge Lo LECHFLITER, AND W. W. FISCHER,
LION TEMPERATURE DISTRIBUTICONS FCR ARBITRARY SHAPES ANC COMPLI-
CATED BCUNCARY CONDITIONS, KAPL-M=-€%532 (FC-57), JULY 27, 196¢.

We We FISCHER, LICN TALES A USERS MANUAL FOR THE LION
THERMAL-STRUCTURAL EVALUATICN CCDE, KAPL-F-6533 (EC-58), JULY
31, 1967.

Re Je CULLEN, 6600 CALCCMP PLCTTER ROUTINES, KAPL
NOTE, JULY 25, 19¢é.

Fe Jeo BINNEY, ADCITIONS TO LICN CCDE, KAPL NOTE,
SEPTEMBER 20, 1966.

E. Jo BINNEY, ADDITIONS TO LICN CCDE EFFECTIVE WITHK
SEPTEMBER 1970 VERSION, KAPL NOTE, SEPTEMBER 22, 1S7C.

We We FISCHER AND M. N. GCLDSMITH, CRAPL A CRADIENT
PLCTTER FOR LION, KAPL-M-7164, OCTOBER 13, 1S7C.

E. Jo. BINNEY, ACCITICAS TC LICN CCDE EFFECTIVE WITH
THE DECEMBER 1970 VERSION, KAPL NCTE, DECEMBER 18, 1970.

E. J. BINNEY, ACCITIONS TO THE LICN CODE EFFECTIVE
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REFERENCES (CONTINUED)
FEBRUARY 26&, 1971, KAPL NOTE, FEBRUARY 26, 1971.

E. Jo BINNEY, MCCIFICATICN TC THE LICN CODE EFFECTIVE
MARCF 31, 1971, KAPL NOTE, APRIL 8, 1S671.

E. Jo BINNEY, HEAT BALANCE CAPABILITY IN LION, KAPL
NUTE, APRIL 30, 1571.

E. J. BINNEY, ADDITIONS TO THE LICN CODE EFFECTIVE
FEBRUARY 26, 1972, KAPL NOTE, FEBRUARY 29, 1972.

Ee Jo BINNEY, LICN NFWSLETTER NO. 1, KAPL NCTE,
JUNE 5, 1972.

Ee Jo BINNEY, LICNG NEWSLETTER NC. 2y KAPL NCTE,
OCTOBER 5, 1972.

Me Ne GCLDSMITH ANC W. We FISCHER, THE PLI--SERIES OF
PREPROCESSORS FOR THE LICON CCDEy KAFL-M-7289, JULY 6, 1972.

JPARAM SYSTEMS PROGRAMMING INFORMAL PROGRAM DESCRIP-
TION, EXCERPT FROM USERS GUICE TC CCC SYSTEMS AT KAPL, JULY 27,
1972

We We FISCHER, CONVECTIVE KEAT TRANSFER COEFFICIENT
CALCULATICNAL SYSTEM FCR LION, KAPL=-M-7301(L), DECEMBER 18, 1972.

MACHINE RECUIREMENTS - THE PLCTTER ROUTINE APPLE IS LSED TC PRO-
DUCE THE INPUT REQUIRED BY THE ASSCCIATEC CALCCMP FLCTTER FOR
CRAPFICAL CUTPUT.

PROGRAMMING LANGUAGES USEC - FORTRAN IV ANC ASCENT (CCC6600,7600),
FCRTRAN IV (UNIVAC11CE)

NPERATING SYSTFM CR MCNITOR LNCER wWHICK PRCGRAM IS EXECUTEC -
SCCPE (CDCe€600,76C0) AND EXECH (UNIVAC11CB).

ANY OTHER PRCGRAMMING CR CPERATING INFORMATICN OR RESTRICTICAS -
DATA SAVING ON TAPE ANC OPTIONS TO PROVIDE PLCTTING CF A VARIETY
OF PARAMETERS VERSUS TIME ARE INCLUDEC IN LICN4. PBECAUSE OF THE
LARGE SIZE OF LION4, IT wAS NECESSARY TC SEGMENT THE PRCGRAM. TFE
UNIVAC1108 CON VERSIUN IS BASED ON THE JANUARY 1970 VERSION AND
DOES NOT INCLUDE THF ADREC FEATURES CF THE RECENT KAPL ECITION NOR
DOFS IT INCLUDE A PLOTTING CAPABILITY.

NAME AND ESTABLISHMENT OF AUTHCRS -
£600,76CO0 E. Jo BINNEY
KNCLLS ATOMIC POWER LABCRATCRY
GENERAL ELECTRIC CCMPANY
POX 1072
SCHENECTADY, NEW YCRK 12201

1108 CARRELL BARTKOWSKI
CHI CCKRPORATICN
11000 CFDARP AVENUE
CLEVELAND, OHIO 441Cé¢

MATERIAL AVAILABLE - RESTRICTED DISTRIBUTICN
MACNETIC TAPF TRANSMITTAL
SOURCE CECKS (6600-5470 CARCS, 1108-2447 CARDS)
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16. MATERIAL AVAILABLE (CONTINUED)
SAMPLE PRCBLEMS (6600-161 CARCS, 1108-156 CARCS)
SAMPLE PROBLEM OUTPUT (66CC-33 PAGES, 1108-22 PAGES)
REFERENCE REPORTS, NEWSLETTERS, ANDC NOTES

17. CATEGORY = H
KEYWORDS - TEMPERATURE DISTRIBUTION, FLUID FLOW, THERMAL, 3-DIMEN-
SIONALy HEAT TRANSFER, LICUIDS, VAPCRS, TIGER CODES
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NAME OR DESIGNATION OF PROGRAM - SAFE-CREEP

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH
IT IS OPERABLE - UNIVACL1108

DESCRIPTION OF PROBLEM OR FUNCTION - SAFE-CREEP PERFORMS A VISCO-
ELASTIC ANALYSIS OF PLANE OR AXISYMMETRIC CCMPOSITE CONCRETE
STRUCTURES WITH AGE- AND TEMPERATURE-DEPENDENT CREEP DATA.

METHOD OF SOLUTION - THE PROGRAM USES THE FINITE ELEMENT METHOD
WHICH REDUCES THE PROBLEM TO THE SOLUTION DF A SYSTEM OF COUPLED
INTEGRAL EQUATIONS. THE METHOO OF SOLUTION IS ITERATIVE DN THE
SPACE VARIABLE AND UTILIZES THE TRAPEZOIDAL RULE INTEGRATION FOR
THE TIME VARIABLE.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA OF -
350 NOUDES
750 ELEMENTS
60 TIME INCREMENTS

TYPICAL RUNNING TIME - 90 MINUTES ARE REQUIRED FOR A FULL-CAPACITY
PRIBLEM.

UNUSUAL FEATURES UF THE PROGRAM -

RELATED AND AUXILIARY PROGRAMS - GRDWRK (ACC ABSTRACT 296),
SAFE-PCRS (ACC ABSTRACT 250), SAFE-PLANE (ACC ABSTRACT 252),
SAFE-SHELL (ACC ABSTRACT 253)

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1967.
UNIVAC1108 VERSION SUBMITTED OCTOBER 1G67.

REFERENCES = Y. RASHID AND W. RCCKENHAUSER, PRESSURE VESSFL ANALY-
SIS BY FINITE ELEMENT TECHNIQUE, GA-7810, 1S67.

Re. D. BRCWN, PROPERTIES OF CONCRETE IN REACTOR VFS-
SELSy PAPER NU. 13, CONFERENCE ON PRESTRESSED CONCRETE PRESSURE
VESSELS, LUNDUN, MARCH 13-17, 1S67.

Fe Jo. DE ARRIAGA ANC Y. R. RASHID, SAFE-CRFEP, A COM-
PUTER PROGRAM FOR THE VISCOFLASTIC ANALYSIS COF AXISYMMETRIC AND
PLANF CUNCRETE STRUCTURES, A USEPS MANUAL, GA-8111, JULY 31, 196T.

MACHINE KEQUIREMENTS - 65K MEMORY AND 13 TAPES

PRNOGRAMMING LANGUAGE USED - FCRTRAN IV

OPERATING SYSTEM OUR MONITOR UNDER WHICH PROGRAM 1S EXFCUTED -
ANY OTHER PROGRAMMING DR OPERATING INFORMATICN OR RESTRICTIONS -
CALL TICKER REFEKS TO AN 1108 SYSTEM ROUTINE FOR LOGGING JOB TIME

USFD. A SUBSTITUTE ROUTINE WILL BE REQUIREC FUR USE OF THIS PRO-
GRAM ON ANUTHER MACHINE.
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RELATED AND AUXILIARY PROGRAMS (CONTINUED)
WRITTEN TO HANDLE IDENTICAL CYLINDRICAL RODS IN THREE-DIMENSIONAL
FINITE OR INFINITE ARRAYS.

STATUS - ABSTRACT FIRST DISTRIBUTED JUNE 1668,
I1BM360 VERSION SUBMITTED OCTOBER 1S67.

REFERENCES = L. Be. LEVITT AND R. C. LEWIS, HWOCR-SAFE, A MONTE
CARLO REACTOR ANALYSIS CODE, AI-CE-MEMO-69, JUNE 30, 1967.
RELICS INPUT DESCRIPTICN, Al NCTE.
INPUT DESCRIPTION FOR HWOCR-SAFE CROSS SECTION TAPE
MAKER, AI NOTE.

MACHINE REQUIREMENTS -
PROGRAMMING LANGUAGES USED - FORTRAN IV (H) AND BAL

OPERATING SYSTEM OR MONITOR UNDER WFHICH PROGRAM IS EXECUTED -
0S/360.

ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
VARIATIONS OF THIS PROGRAM HAVE BEEN PREPARED FOR THE CDC6600 AND
1BM7094 COMPUTERS.

NAME AND ESTABLISHMENT OF AUTHORS -
Le Be LEVITT AND Re Co LEWIS
HWOCR PROGRAM OFFICE
P. O. BOX 308
CANOGA PARK, CALIFCRNIA 91304

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (SAFF 2682 CARDS, RELICS 76 CARDS, TAPE-MAKER 262
CARDS)
SAMPLE PROBLEMS (SAFE 245 CARDS, RELICS 30 CARDS, TAPE-MAKER
1835 CARDS)
REFERENCE REPURT AND NOTES

CATEGORY - B

KEYWORDS - CELL CALCULATION, 2-DIMENSIONAL, MONTE CARLO METHOD,
HWOCR REACTORS, REACTIVITY, RELICS CODES, TAPE-MAKER
CODES
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NAME OR DESIGNATICN CF PRCGRAM - JUPITCR1(JP1)

COMPUTER FOR WHICKH PROGRAM IS DESIGNED AND OTHERS UPCN WHICH
IT IS OPERABLE - CDC1604, IBVM360

DESCRIPTICN OF PROBLEM OR FUNCTION - JUPITCR1 IS USED TO PERFORM
COUPLED-CHANNEL CALCULATICNS TO EVALLATE THE CROSS SECTICNS FOR
THE SCATTERING OF NUCLEAR PARTICLES BY VARIOUS CCLLECTIVE NUCLEII.

METHOD OF SOLUTICN - IN SOLVING THE CCUPLEC CIFFERENTIAL EQUAT IONS
THE PREDICTION-CORRECTION METHOD DUE TO STCRMER IS USED.

RESTRICTICNS ON THE CCMPLEXITY CF THE PRCBLEM - A MAXIMA OF SIX
STATES AND 30 PARTIAL WAVES CAN BE COUPLED AT CNE TIME. IF THE
PROJECTILE ENERGY BECCMES NEGATIVE IN SOME EXCITED CHANNELS THIS
MAXIMUM IS REDUCED TO 25 PARTIAL WAVES. TFE MAXIMUM VALUE CF TKE
ORBITAL ANCULAR MOMENTUM IS 6S. DIFFERENTIAL CRCSS SECTICONS FOR
UP TO 100 ANGLES FCR ANY NUMBER OF STATES CAN BE COMPUTED UNLESS A
POLARIZED BEAM NR TARGET [S CCNSICERED, IN WHICH CASE THE MAXIMUM
IS 359

TYPICAL RUNNING TIME - THE SAMPLE PRCBLEM REQUIRES ABOUT 2 MINUTES
(N THE IBM360.

UNUSUAL FEATURES OF THE PROGRAM - SPIN CF THE PRCJECTILE CAN BE
0, 1/2, DR 1 FOR NUN-ADIABATIC CALCULATICNS, O OR 1/2 FOR ADIA-
RATIC. TARGETS CAN BE EITHFR VIBRATICMAL (SPFERICAL) OR ROTA-
TIONAL (PERMANENTLY DEFODRMED) AND CF EITHER EVEN OP CDD A. WFEN
THE TARCET IS DEFORMEC, EXCITATION OF STATES BELCNGING TO HIGHER
(VIBRATICNAL) BANDS CAN BE CCNSICEREC. CCULCMB EXCITATICN CAN BE
INCLUDED, ANC THE FORM FACTOR CAN BE EITHER RFAL CR CCMPLEX.

RELATED ANC AUXILIARY PROGRAMS - JUFPITCR2 IS UNCER PREPARATICN TO
HANDLE SMALLFR SETS OF EQUATIONS MORE EFFICIENTLY.

STATLS - ABSTRACT FIRST DISTFIBUTEC JUNE 1968.
CCC16C4 VERSION SUBMITTED NCVEMBER 1G€7.
IRM350 VERSICN SUBMITTED CECFMBFER 1970, SAMPLE PROBLEM
EXECUTED BY ACC.

REFERENCES - T. TAMURA, COMPUTER PROGRAM JUPITCR-1 FOR COUPLED-
CHANNEL CALCULATIONS, ORNL-4152, AUGLST 1967, ACCFEACUM I, AUCGUST
14, 1967, ADCENDA/CCRRIGENDA NO. 2, NOVEMBFR 27, 1G¢€7.

T. TAMURA, REVS. MCD. FHYS., VOL. 37, P. 67S, 1965.

MACHINE RECUIREMENTS - CLC1604 WITH 32K CCRE MEMCRY

PROGRAMMING LANGUAGES USED = FORTRAN €3 (CDC16C4), FORTRAN IV
(IBM360) _

OPFFATING SYSTEM OR MCNITCR UNDER WHICH PROCRAM IS EXECUTED -
CS/360 (IBM360).
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14, ANY CTHER FROGRAMMING OR OPERATING INFURMATICN CR RESTRICTICANS -

15. NAME ANC ESTABLISHMENT OF AUTHCRS -
1604 TARO TAMURA
FHYSICS CIVISION
NDAK RIDGE NATIONAL LABCRATCRY
P. O. BOX X
CAK RIDCE, TENNESSEE 37621

360 L. GARCIA DF VIEDMA
NEA CCMPUTER PROGRAM L IBRARY
ISPRA, ITALY

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (1604-2554 CARDS, 360-4216 CARCS)
SAMPLE PROBLEMS (1604-92 CARDS, 360-18 CARDS)
CONTROL INFORMATICN (JCL 360-37 CARCS)
PUNCHED OLTPUT (260-108 CARDS)
SAMPLE FRCBLEM PRINTEC CUTPUT (3€0-5 PACES)
REFERENCE RFPCORT, CRNL=-4152 ANLC ACCENCA

1T« CATFGORY - A
KEYWORDS = SCATTERING, CROSS SECTIONS, CCMPOUNC NUCLEUS, ANGULAR
DISTRIBUTICN
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NAME 0OR UcSIGNATIUN OF PROGRAM - TSN

COMPUTER FOR WHICH PROGRAM IS DESIGNEC AND OTHERS UPCN WHICH
IT IS OPERABLE - IBMT7094,360

DCSCRIPTION OF PRUBLEM OR FUNCTION - THE TIME-DFPENDENT NEUTREN
TRANSPOURT EQUATION IS SOLVED. ENERGY DEPUSITICN IS ALLCWED TQO
CAUSE VARIATION IN THE NEUTRON CROS5S SECTIONS FOR THE CORF REGICN,
IN THF CGRE D&NSITY, ANC IN CORE HEIGHT. THKE RESULT IS A KINETICS
CALCULATION INCLUDING SPATIAL DEPENDENCE BCTH IN FEFCBACK FFFECTS
AND IN NEUTRON DENSITY. THE RFSULTS ARE SUMMARIZED IN A MANNER
SIMILAR TJ POINT-KINETICS CCDES,y ANC SPATIAL DISTRIBUTICNS ARE
ALS0O GIVEN. GRAPHICAL SUMMARIES OF THE SIGNIFICANT VARIABLES AND
SPATIAL DISTRIBUTIONS ARE GIVENe. IN THE IRM360 VERSION, EITHER
THE NEUTRON YIELOD FROM FISSION OR THE THICKNESS CF A SPECIFIFD
ZCNE CAN BE CHANGED AS AN INDEPENDENT FUNCTICN COF TIMF AS SPFCI-
FIED BY THE USER. THIS PRCVIDES TWC WAYS CF ALLOWING EXPLICIT
REACTIVITY VARIATION WITH TIME.

METHCD OF SOLUTION — CARLSCNS SN METHCO IS USEC TO SCLVE THE NEU-
TRUN TRANSPORT EQUATION. ANALOGNOUS FINITE-DIFFERENCE TECHNIQUES
ARE USED TO SOLVE THE FEECBACK EQUATIONS. THE VARIATIONS IN CROSS
SECTIONS AND DENSITIFS WITH ENFRGY CEPCSITICN ARE EVALUATER FROM
POLYNOMIAL COeFFICIENTS SUPPLIEC BY THE USER.

RESTRICTIUNS UN THF COMPLEXITY OF THE PROBLFM - 2 VELCCITY GPCUPS,
100 SPATIAL INTERVALS, 1-DIMFNSIONAL GEOMETRY S4 (CYLINDRICAL) 0R
S6 (PLANE UR SPHERF). IN THF 18M7094 VERSICN, THE CURE MUST BE
THE FIRST ZUNE AND MUST BRE HNMOGENECUS. THF 1/V TERM IS NEGLECTED
FCR THE FAST GRJOUP. THESF LAST RESTRICTIONS HAVL 3FEN REMOVED

IN THE IBM360 VERSION.

TYPICAL RUNNING TIME - A TYPICAL PROSLEM SUPPLIED WITH THF DOCU-
MFNTATION RAN 5.2 MINUTES CON THE IBM7094 ANC 18.1 MINUTES ON THE
IBM360, MODclL 50. THE LATTER TIME CAN BE KEDUCED BY APPLYING THE
CPTIMIZATION FEATURE OF FORTRAN IV LEVEL Hy WHERE AVAILADLE.

UNJSUAL FEATURES UF THE PROGRAM -

RTLATED AND AUXILIARY PROGRAMS — TSN IS BASEC ON ANC USES PORTIONS
OF AMISN (ACC ABSTRACT 151).

STATUS — ABSTRACT FIPST DISTRIBUTEC JUNE 1668.
IBM70%4 VFRSION SUBMITTED NUVEMBER 1667.
18M360 VERSTON SUBMITTEC NCVEMBER 1967.

RFFERFENCES - We Ao RHDADES AND J. G. MORGAN, THE TSN COMPUTER CFOE
FOR SPATIALLY UEPENDENT REACTOR KINETICS CALCULATIONS, NAA-SR-

ME4N-12319, APRIL 18, 1967.
M. A. BOLING AND W. A. RHDANES, AICRT3-2, SP2NTV,

AND FLINGV, GENERAL PURPOSE SUBRCUTINES FOR DISPLAY CF DIGITAL
DATA, NAA-SKR-TOR-11915, APRIL 1G66.
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NAME OR DESIGNATION CF PRCGRAM - PCWERCO

CCMPUTER FCR WHICH PROGRAM IS DESIGNED AND CTHERS LPCN WHICH
IT IS DPERABLE - CCC1604A4,6600

DESCRIPTICN OF PROBLFM OR FUNCTION - POWERCO CALCULATES THE COST
OF ELECTRICITY PRCCUCEC RY NUCLEAR POWER STATIONS, ASSUMING ALL
CASH EXPENSES SUCH AS INVESTMENT ANC FUEL CCSTS, OPERATING
EXPENSES, ANC TAXES ARF KNOWN. THE POWFER COST IS HELD CCNSTANT
THROUGHOUT THE PRPCJECT LIFE.

METHOD CF SOLUTION - THE COST CALCULATION IS BASED ON THE REQUIRE-
MFNT THAT INCCMES RECEIVEC MUST PRCVICE FCR RECOVERY OF INVEST-
MENT, RETURN ON INVESTMENT, AND ALL CPERATING EXPEANSES. EQUATIONS
ARE DEVFLCPFC TC CALCULATE TRUE FIXEC CHAPGE RATES AND TRUE AVE-
RAGF FUFL WORKING CAPITAL.

RESTRICTICANS ON THE CCMPLEXITY CF THE PROBLEM - MAXIMLM OF -
180 TIME PERICDS

TYPICAL RUNNING TIME - ABOUT 1 MINUTE PER PROBLEM IS KEQUIRED.

UNUSUAL FEATULRES CF THE PRCGRAM - FCWERCC USES A PRESENT-WCRTHKED
CASH FLOW PRCCEDURE., FIXEC CHARGE RATES AND FLEL WORKING CAPITAL
ARF NOT REQUIRED. INCCME TAXES ARE CALCULATEC [INTERNALLY.

RELATED ANC AUXILIARY FRCGRAMS -

STATUS - ABSTRACT FIRST DISTRIBUTED MARCH 1946.
CCC1604A VERSINN SUBMITTED JUNE 1688,
CRC66H00 VERSICN SUBMITTEC APRIL 1973.

REFERENCE - ROYES SALMCN, A PROCECURE AND A CCMPLTER CODE
(POWERCO) FNR CALCULATING THE CCST CF ELECTRICITY FRCCUCED BY
NUCLEAR PNWER STATIONS, ORNL-2944, JUNE 1%66.

MACHINE REQUIREMENTS -

PROCGRAMMING LANGUAGFS USEL - FORTRAN 63 (CCC1é04A), FCRTRAN IV
(CDCAKOO)

CPERATING SYSTEM CR MCNITCR UNDER WHICK PFOGRAM IS EXECUTED -
SCNPE 3.3 (CNCKECC).

ANY OTHER PRCGRAMMING CR OPERATING INFORMATICN OR RESTRICTICNS -

NAME AND FSTABLISHMENT OF AUTHORS -
1604A RCYFS SALMCN
CAX RIDGE NATICNAL LABCRATCRY
P. U. BOX X
CAK RIDCF, TENNESSEE 37820
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NAME

=s

ANC FSTABLISHFMENT OF AUTHOR(S) (CCNTINUED)

6600 FRANK Ceo TYSCN

TECKNICAL CCMPUTER SERVICES

UNITEL ENGINEFRS ANC CCNSTRUCTORS,
1401 ARCH STPEET

PHILADELPHIA, PFNNSYLVANIA 169105

MATERIAL AVAILABLE -
SCURCE CECKS (16C4A-444 CARDS, €EECC-44Z CAFRDS)
SAMPLE PRCBLEMS (1604A-36 CARCS, &£600-36 CARLCS)

KEFERENCF REPORT

CATEGNRY - D
KEYWORDS - POWER PLANTS, ECCNCMICS

INC.

02/174
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15. NAME AND ESTABL ISHMENT NF AUTHOR -
A. Hs MARCHERTAS
REACTOR FNGINEERING DIVISION
ARGONNE NATIONAL LABCRATORY
9700 SOUTH CASS AVENUE
ARGONNE, ILLINOIS €0439

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECK (2230 CARDS)
SAMPLL PROBLEM (25 CARDS)
REFERENCE REPOKT AND SUPPLEMENT

17. CATEGORY = |
KEYWORDS - STRUCTURAL ANALYSIS, STRESSES, DEFNRMATION
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NAME CR DESIGNATION OF PROGRAM - TWCTRANZ2

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WHICH
IT IS OPERABLE - CDC7600,6600, IBM360/195

DESCRIPTICN OF PROBLEM OR FUNCTION - TWOTRAN2 SCLVES THE TwWO-
DIMENSICNAL NMULTIGROUP TRANSPORT EQUATICN IN (X,Y)y, (R,THETA), AND
(RyZ) GEOMETRIES. BOTH REGULAR AND ADJCINT, INHCMCGENEOUS ANC
HOMOGENEQUS (KEFF ANC EICGENVALUE SEARCFES) PRCBLEMS SUBJECT TC
VACUUM, REFLECTIVE, PERIODIC, WHITE CR INPUT-SPECIFIED BOUNDARY
FLUX CONDITIONS ARE SOLVED. GENERAL ANISCTRCPIC SCATTERING IS
ALLCWED ANC ANISOTRCPIC INHKCMOGENEOUS SCURCES ARE PERMITTED.

METHOD OF SOLUTION - THE DISCRETE ORDINATES APPRCXIMATICN FOR THE
ANGULAR VARIABLE IS USED IN FINITE CIFFERENCE FORM WHICH IS SOLVED
WITH THE CENTRAL (DIAMCND) DIFFERENCE APPROXIMATION. NECATIVE
FLUXES ARE ELIMINATED BY A LOCAL SET-TO ZERO AND CORRECT
ALGCRITHM. STANCARD INNER (WITHIN-GRCUP) ANC COUTER ITERATIVE
CYCLES ARE ACCFLERATED BY A COARSE-MESH REBALANCINC CN A COARSE
MESH WHICH MAY BE INDEPENDENT OF THE MATERIAL MESH.

RESTRICTIONS ON THE COMPLEXITY OF THE PRUBLEM - VARIABLE DIMEN-
SICNING IS USED SC THAT ANY CCMBINATICN CF PRCBLEM PARAMETERS
ILFADING TO A CONTAINER ARRAY LESS THAN MAXLEN CAN BE ACCCMMOCATED.
CN IBM MACHINES, TWOTRANZ WILL EXECUTE IN THE 4-BYTE MODE SC THAT
ANY COMBINATICN OF PRCBLEM PARAMETERS LEACING TO A CONTAINER ARRAY
LESS THAN MAXLEN CAN BE ACCCMMODATED. MAXLEN CAN BE SEVERAL HUN-
DRED THOUSANC ANC MOST PROBLEMS CAN BE CORE-CONTAINED. ON THE CDC
MACHINES MAXLEN CAN BE SLIGHTLY GREATER THAN 40,000 WCRDS AND
FERIPHERAL STORAGE IS USED FOR MOST GROUP-DEPENDENT DATA.

TYPICAL RUNNING TIME - A SIX-GROUP, S4, 42 X 42 MESK POINT, KEFF
CALCULATICN OF AN EBR-IT MODEL REQUIRES ABOUT 3.9 MINUTES CF
CDC7600 TIME. THE SAMPLE PRCBLEMS REQUIRE 6 MINUTES ON THE
IBM360.

UNUSUAL FEATURES CF THE PRCGRAM - PRCVISICN IS MADE FOR CREATION
OF STANDARD INTERFACE NUTPUT FILES FCR SN CONSTANTS, ANGLE-
INTEGRATED FLUXES ANC ANCULAR FLUXES. STANDARD INTERFACE INPUT
FILFS FOR SOURCES, FLUXES, CRCSS SFECTICNS ANC SN CONSTANTS MAY BE
READ. ALL BINARY OPERATIONS ARE LCCALIZED IN SUBRCUTINES CALLED
REED ANC RITE. DETAILED EDIT OPTIONS, INCLUDING ANGULAR FLUXES,
DUMPS AND RESTART CAPABILITY ARE PRCVIDED. OPTIONAL USE OF AN
AFBITRARY REBALANCE MESH INDEPENDENT OF THE MATERIAL MESH IS
ALLCWED.

RELATED ANC AUXILIARY PROGRAMS - TWOTRAN2 IS AN IMFRCVED VERSICA
OF THE TWOTRAN PRCGRAM. MANY CNMMENT CARDS WERE ACCEC ANC MUCH

SIMPLIFYING PROGRAMMING WAS PERFCRNED TC MAKE TWOTRAN2 AS EASY TO
UNDERSTAND AS POSSIBLE.
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STATUS - ABSTRACT FIRST DISTRIBUTED SEPTEMBER 1969.

UNIVAC1108 X-Y VERSION SUBMITTED DECEMBER 1668, REPLACED
BY UPDATED VERSION JUNE 1970, DELETED JUNE 1973.

IBM360 X-Y VERSICN SUBMITTED APRIL 1969, REPLACED BY
TWOTRANZ JUNE 1973, SAMPLE PROBLEM EXECUTED BY ACC.

UNIVAC1108 R-Z VERSICN SUBMITTED CCTOPER 1969, CELETED
JUNE 1973.

CCC6600 GENERAL GECMETRY VERSICN SUBMITTEC JULY 1§70,
REPLACED BY TWOTRANZ JULY 1573,

CCC7600 VERSICN OF TWOTRANZ2 SUBMITTED JUNE 1S73.

REFERENCES - K. Do LATHROP AND F. We. BRINKLEY, TWOTRAN-I1I, AN
INTERFACED, EXPORTABLE VERSICN OF THE TWOTRAN CODE FOR TwO-DIMEN-
SIONAL TRANSPORT, LA-4848-MS, JULY 1973.

K. D. LATHROP AND F. W. BRINKLEY, THECRY ANC USE OF
THE GENERAL-GECMETRY TWOTRAN PROGRAM, LA-4432, APRIL 1970.

MACHINE RECUIREMENTS - FIVE OUTPUT UNITS, FIVE INTERFACE UNITS
(USE OF INTERFACE UNITS IS OPTIONAL) AND TWO SYSTEM INPUT/OUTPUT
UNITS ARE REQUIRED. A LARGE BULK MENMCRY IS DESIRAELE, BUT IT CAN
BE REPLACEC BY DISK, DRUM OR TAPE STORAGE.

PROGRAMMING LANGUAGE USED = FCRTRAN IV
CPERATING SYSTEM OR MCANITOR UNDER WHICH PROGRAM 1S EXECUTED -
ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTICNS -

NAME AND ESTABLISHMENT CF AUTKCRS -
Ke Do LATHRUOP AND F. W. BRINKLEY
LCS ALAMOS SCIENTIFIC LABCRATORY
BOX 1663
LOS ALAMODS, NEW MEXICO E€7544

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (76CC-7047 CARDS, 6€CC-7048 CARDS, 360-7429 CARCS)
SAMPLE PRCBLEMS (7600-1985 CARCS, 6600-686 CARDS, 3€0-1GE4
CARDS)
CONTROL INFORMATION (JCL 2€0-32 CARDS)
REFERENCE REPORT, LA-4848-MS

CATEGORY - C

KEYWORDS - 2-DIMENSICMNAL, TRANSPORT THECRY, SN METHCC, X-Y, R-Z,
R-THETA, CRITICALITY SEARCHES, FLUX DISTRIBUTICN,
ANISCTRCPIC SCATTERING, 2CF CODES, TWOTRAN COCES
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NAME OR DESIGNATION OF PROGRAM - PUN1

COMPUTER FOR WHICH PROGRAM 1S DESIGNED AND CTHEFS UPUN WHICH
IT IS OPERABLE - CDC6600

DESCRIPTION OF PROBLEM OR FUNCTIGON - PUN1 EVALUATES UNRESOLVFD
RADIATIVE CAPTURE INTEGRALS AND RELATED MULTIGROUP CKOSS SFCTIONS,
THE UNRESOLVED DISTRIBUT IONS MAY HAVE VARICUS DRBITAL ANGULAR
MOMENTUM QUANTUM NUMBERS AND THE EFFECTS 0OF COPPLER HROACFNING
AND SELF-SHIELDING ARE INCLUDED.

METHND OF SOLUTIUN - THE PSI(THETA,X) FUNCTICN IS EVALUATFD ON THF
INTERVAL (0420/THETA) BY THE DFB ROUTINE DEVELOPED BY GELBARD
(SEE REFERENCE 2). THF J(THETA,BETA) FUNCTICN IS OBTAINED FROM
THE PSI(THETA,X) FUNCTINN BY TWO TRAPEZOIDAL INTEGRATIONS, FNL-
LOWED BY RICHARDSON EXTRAPOLATION PLUS A WING CORPECTION FNR

X GREATEK THAN 20/THETA. THE INTFGRAL INVOLVING CHI-SQUARE FLUC-
TUAT ION OGF THE REDUCED NEUTRNN WIDTH, GAMMA(NO), IS EVALUATED BY
GAUSSIAN QUADRATURE. THE INTEGRATICN OVER THE NEUTRCON WEIGHTING
SPECTRUM IS APPRUXIMATED BY GAUSS QUADRATUPRPE FOR THE 1/F CASE AND
TRAPEZOIUAL INTEGRATION FOR OTHER WEIGHTING SPECTRA.

RESTKICTIUNS ON THF COMPLEXITY OF THE PROBLEM - NC MORE THAN 20
SPIN STATES PER CASE AND 54 ENFRGY GROUPS ARF ALLOWE[l'e AN ARBI-
TRARY ENERGY WEIGHTING SPECTRUM OF UP TC 498 PCINTS MAY BFE USED,
BUT ALL POINTS MUST BE POSITIVE (W(E) GREATER THAN 0).

TYPTCAL RUNNING TIME - LESS THAN 1/4 SECONC PER SPIN STATE PER
GRNOUP IS REQUIRED.

UNUSUAL FEATURES OF THE PROGRAM -

(A) ANGULAR MOMENTUM QUANTUM NUMBER L = 0y 1, 2y 3, 4 PFRMIT-
TED.

(B) GAMMA(NO) PERMITTED TC FLUCTUATE WITH A CHI-SQUARE RIS-
TRIBUTION OF UP TO 8 DEGREES OF FREEDOM FOR FACH SPIN
STATE.

(C) EVALUATION OF THE INTEGRAL CCNTRIBUTION FROM LEVELS WITH
GAMMA(NO) LESS THAN SOME FRACTION OF THE AVEFAGE PER-
MITTcD.

(D) AN ARBITKARY GROSS ENERGY WEIGHTING SPECTRUM PERMITTED.

(E) DANCUFF CORRECTION IS COMPUTED INTERNALLY FOF EITHER
HE XAGONAL OR SQUARE LATTICE ARRAYS CF CYLINDRICAL CLAD
FUEL KODS.

RELATED AND AUXILIARY PRCGRAMS -

STATUS - ABSTKACT FIRST DISTRIBUTED SEPTEMRER 19€9.
CDC660U0 VERSION SUBMITTED APRIL 1969.

REFERENCES - N. M. STEEN, PUN-1 - A FORTRAN-IV PROGRAM FDR THF
EVALUATION OF UNRE SOLVED RESONANCE INTEGRALS AND RELATED MULTI-
GROUP CROSS SECTIONS (LWBR DEVELOPMENT PROGRAM), WAPD-TM-T768,



ACC

10.

1l.

13.

14.

15.

16

7.

631
ABSTPACT 383 2= 037712

PEFERENCES (CONTINUED)
CENTERy, UTF4-0l, AUGUST 2, 1961.
. C. M. FRIEDRICH, STRUCTURE DESIGN NOTES - CALCULATIOM

NF STRESSESy FORCESy AND DFFLECTIONS IN LINEAR-ELASTIC SKFLETON
STRUCTURES WITH TcMPERATURE, PRESSURES, APPLIFD LOADS, AND RFNUN-
DANT LUADS, WAPD-TM-417, APRIL 1964.

Jo L. BITNER, DEVELOPING FLFXIRILITY MATRICES USING
CTAC RULE, WAPD-TM-T749, OCTOBER 19K8.

MACHINE REQUIREMENTS - 105,000 OCTAL LNCATICNS, INPUT TAPF, NUTPYT
TAPE, UNz SCRATCH TAPE, ANC PRINTER

PROGRAMMING LANGUAGE USED - FORTRAN [V

DPERATING SYSTcM OR MONITNR UNDER WHICH PRCGRAM IS EXECUTER -
SCOPE 3.1.

ANY OTHER PROGRAMMING OR OPFRPATING INFORMATICN NR RESTRICTIONS -

NAME ANU ESTABLISHMENT 0OF AUTHOR -
ne A. WENZEL
WEST INGHNUSE ELECTRIC CORPCRATION
BETTIS ATOMIC PCWER LARNRATCORY
P. 0. BOX 7S
WEST MIFFLIN, PENNSYLVANIA 15122

MATCRIAL AVAILABLE - RESTRICTED DISTRIBUTICA
MAGNETIC TAPE TRANSMITTAL
SUURCE CECK (946 CARDS)
SAMPLE PRUGBLEM (30 CARDS)
BETTIS ENVIRONMENTAL ROUTINES (21,123 CARPS)
RFFERENCE REPURTSy, WAPD=TM=T739(L) AND WAPL-TM-668

CATEGORY - 1
KEYWORDS - STRUC TURAL ANALYSIS, FRFCUENCY, STRUSSES, PEAMS, FLAS-
TICy, DESIGN
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NAME OR DESIGNATICN CF PROGRAM - CHECKER/CRECT/DAMMET/PLOTFB/
SLAVE3

COMPUTER FCR WHICH PRCGRAM IS DESIGNED AND CTHERS UPON WHICH
IT IS OPERABLE - CDCé€&CO

DESCRIPTICN CF PRCBLEM OR FUNCTICN - THIS PACKAGE OF FIVE PROGRAMS
IS DESIGNED FOR PROCESSING ENDF/B (EVALUATED NUCLEAR DATA FILE
VERSICON B) VERSION I TAPES.

CHECKER CHECKS THAT THE ENCF/B TAPES ARE IN PROPER FORMAT AND
ALL FIELDS ARE WITHIN SPECIFIED LIMITS, RATHER THAN THE PRYSICS OF
THE DATA LIBRARY. ANGULAR DISTRIBUTIONS RECONSTRUCTED FROM LEGEN-
DRE COEFFICIENTS ARE EVERYWHERE PCSITIVE.

CRECT, WHICH CAN PROCESS ENDF/B VERSION III DATA AS WELL AS
EARLIER VERSICNS, PROVIDES A MEANS OF CORRECTING ASSEMBLED DATA ON
A TAPE BY INSERTION ANC CELETICN CF DATA.

DAMMET SELECTIVELY MERGES CATA FRCM CNE OR TWO ENCF/B L IBRARY
TAPES ONTO A FINAL TAPE. THE MCDE (BCD CR BINARY) ANC ARRANGEMENT
(STANDARD CR ALTERNATE) MAY BE CHANGED DURING THIS PROCESS.

PLOTFB PRCCESSES ENDF/B LIERARY TAPES WHICH CONTAIN DATA
EMBEDDED WITHIN A NECESSARY LIBRARY STRUCTURE IN CRDER TC PROCUCE
COMPREHENSIVE LISTINGS AND/OR PLOTS. THE LISTINGS AND/OR PLOTS
CONTAIN AN EXTENSIVE AMOUNT OF INFCRMATICON RELATEC TC THE DATA,
SUCH AS TEMPERATURE DEPENDENCE, PHYSICAL UNITS CF THE DATA, INTER-
PCLATICMN LAWS FOR THE CATA, CRYPTIC TITLES DEFINING THE REACTION
TYPE, ETC.

SLAVE3 PROVIDES MODULAR SUBROUTINES WHICH CAN BE ASSEMBLED TC
RETRIEVE AND PROCESS ENDF/B CATA FOR A SPECIFIC PROBLEM.

METHCD OF SOLUTICN - IN CHECKER MOST CATA ARE SUBMITTED TO RANGE
LIMIT CHECKS TO ENSURE THE STRUCTURE AGREES WITH ENDF/B-DEFINED
SPECIFICATIONS. THE DEVIANT POINT CHECK (DETECTICN CF MISPUNCHEC
VALUES) IS ACCOMPLISHED RY SEQUENTIALLY CHECKING FIVE DATA PCINTS,
TWO POINTS CN EITHER SIDE OF THE PCINT UNDER SCRUTINY, FCRWARD
EXTRAPOLATION ON THE FIRST TwO POINTS, REVERSE EXTRAFCLATICN CN
THE FOURTH AND FIFTh, AND INTERPOLATICNS BETWEEN THE SECONC ANC
FOURTH POINTS. [IF THE THIRD POINT DCES NCT FALL WITHIN THE RANGE
OF THE VALUES CALCULATED BY EXTRAPOLATIONS AND INTERPOLATICON, THE
VALUE IS LISTED AS DEVIANT. IN ESSENCE, THE ABOVE PROCEDURE MERE-
LY SIMULATES A CHECKING CF GRAPHICAL DATA BY EYE. CFECKING CF
LEGENDRE CCEFFICIENTS FOR FEASIBILITY AND POSITIVITY IS ACCOM-
PLISHED BY CCNVERTING THE COEFFICIENTS TC MCMENTS, CHECKING
WHETHER MOMENTS ARE PHYSICALLY POSSIBLE AND TESTING WHETHER THE
LEGENDRE EXPANSICN IS NEGATIVE WITHIN THE INTERVAL -1 TO 1 BY ThE
STURM SEQUENCE METHOD. [IF THE LEGENDRE EXPANSICN IS NEGATIVE, IT
IS DEFINED OVER THE NECATIVE REGION(S) AND INTEGRATED, THUS DETER-
MINING THE TOTAL NEGATIVE FPRCBABILITY.

CRECT ACCEPTS A DATA TAPE TO BE CORRECTEND AS INPUT AND LOCATES
AREAS TO BE CORRECTED BY SEQUENCE AND MATERIAL NUMBERS. A COR-
RECTED TAPE IS THEN GENERATEC REFLECTING THE INSERTICNS ANC CELE-
TICNS.

WHEN MERGING TWC TAPES ANC CCNVERTING TC A CATA FORMAT OTHER
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4. METHOD CF SOLUTION (CONTINUED)
THAN THAT CF EITHER INPUT TAPE, CAMMET PERFORMS A TWO-PASS OPERA-
TION. THE FIRST PASS CONSISTS OF SELECTING ONLY THE DATA REQUIRED
AND CONVERTING IT TO THE FORMAT OF THE FINAL TAPE, WITH STORAGE CF
THE DATA CN AN INTERMECIATE TAPE. UPCN COMPLETICN OF THE FIRST
PASS ON BOTH TAPES, RESULTING IN TwhO INTERMEDIATE TAPES, THE
SECOND PASS MERGES BCTH INTERMEDIATE TAPES TO THE FINAL DATA TAPE.
IN PLOTFB THE SPECIFIED STRUCTURE OF THE LIBRARY ALLOWS CATA TO
BE SUBCLASSIFIED UNDER NUCLIDES, CLASSES OF DATA, AND REACTION
TYPES. THE WELL-DEFINED STRUCTURE PERMITS THE ASSCCIATED INFCRMA-
TION TO BE ACCESSED BY CONVERTING MATERIAL NUMBERS TO HOLLERITH
TITLES, ETC. PLOTS ARE GENERATED UTILIZING A PLOTTING PACKAGE
WHICH INCLUDES SCALING,y GRID, AND NCRMALIZATICN ROUTINES. PLCTS
CAN BE GENERATED IN EITHER LINEAR-LOG AXIS OR A MIXTURE OF BOTH.

5. RESTRICTIONS ON THE COMPLEXITY CF THE FPROBLEMV -

IN CHECKER CORRECT STRUCTURE OF THE DATA TAPE IS ASSUMED AND
MINOR ANOMALIES ARE NCTED. COMMON ANC MAJCR ITRREGULARITIES CAUSE
TERMINATICON OF EXECUTION ACCCMPANIED BY A CORE DUMP.

IN CRECT CCRRECT SECUENCF ANC MATERIAL FIELDS COF THE DATA TAPE
ARE ASSUMED. IN BOTH CHECKER ANC CRECT DATA MUST BE IN ENDF/B BCD
STANCARD ARRANGEMENT CARC IMAGE FORMAT.

IN DAMMET A SPECIFIC REACTICN CANNCT BE EXTRACTEC FROM A
TAPE UNLESS IT IS WITHIN A FILE OR MATERIAL SELECTEC.

6. TYPICAL RUNNING TIME - .007 SECONC CF CPU TIME IS REQUIRED TO PRO-
CESS ONE RECORD OF BCD INFORMATION IN CHECKER. TYPICAL CPU TO PP
TIME RATIO FOR THE SHCRT FCRM OUTPUT IS 1 TO 4, FOR LONG FCRM CUT-
PUT, 1 TO 6.

IN CRECT 2 SECONDS OF CPU TIME ARE REOU!REC. TYPICAL CPU TO PP
TIME RATIO IS 1 TC 5.

IN DAMMET 3 TO 7 MINUTES CF CPU TINME ARE RECUIREC TO PROCESS 12
NUCLIDES. TYPICAL CPU TO PP TIME RATIO IS APPROXIVMATELY 3 TO 1.

IN PLCTFB 4 MINUTES OF CPU TIME ANC 10 MINUTES OF PP TIME ARE
REQUIRED TC LIST AND PLOT 35 MATERIALS (APPROXIMATELY 3500 DATA
CARDS) .

IN SLAVE3 RUNNING TIME IS CEPENCENT CN THE SELECTICN CF SUB-
ROUT INES AND PROCESSING REQUIREMENTS. TYPICAL CPU TC PP TIME
RATIO IS 1 TC 3, AND AN AVERAGE RUN IS & MINUTES.

7. UNUSUAL FEATURES UF THE PROGRAM - IN CHECKER THERE ARE TwC OUTPUT
CPTIONS - (A) LONG FCRM, WHICH LISTS EACK CARD IMAGE AS WELL AS
THE ANOMALIES ENCOUNTEREC, ANC (B) SKCRT FCRM, WHICK LISTS CNLY
THE ANNMALTES ENCOUNTERED BY THE PROGRAM (MININMUM CLTPUT CPTION).

8. RELATED ANC AUXILIARY PRCGRAMS - ALL FIVE PROCRAMS PERFCRM AN
INDEPENDENT OPERATION ON ENDF/B DATA. CRECT MAY BE LSED TO CCR-
RECT ERRORS DETECTED BY CHECKER.

9. STATUS - ABSTRACT FIRST DISTRIBUTED SEPTEMBER 196S.
CCC6600 VERSICN SUBMITTEC APRIL 1969, CRECT REPLACED BY
LATER VERSION ALGUST 1S72.
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REFERENCES - NATIONAL NEUTRCN CRCSS SECTICN CENTER, CESCRIPTICN OF
THE ENDF/B PROCESSING CODES CHECKER, CRECT, DAMMFT, PLOTFB, AND
RETRIEVAL SUBRCUTINES, ENCF-110, BNL-13582, SEPTEMBRER 1967,
REVISED APRIL 196S.

He Ce. HCNECK, ENDF/B - SPECIFICATIONS FOR AN EVALU-
ATED NUCLEFAR DATA FILE FOR REACTOR APPLICATICNS, BNL-50066, MAY
1966, REVISEC JULY 1S67.

MACHINE REQUIREMENTS - FOR CHECKER 56,300 OCTAL (APPROXIMATELY
24,000 DECIMAL) WORDS OF CORE STORAGF AND ONE TAPE (CR DISC) UNIT
(BESIDES INPUT ANC CUTPUT UNITS).

FOR CRECT 13,000 OCTAL WORDS OF CCRE STCRAGE ANC TWC CATA STOR-
AGE UNITS.

FOR DAMMET 61,000 CCTAL (ABOUT 25,000 DECIMAL) WORCS OF CORE
STORAGE AND A MAXIMUM OF FIVE TAPE (OR DISC) UNITS.

FOR PLCTFP 73,700 CCTAL (ABOUT 30,000 CECIMAL) WORDS OF CORE
STORAGE AND THREE TAPE (DR DISC) UNITS.

FCR SLAVE3 40,000 DCTAL (APPROXIMATELY 18,000 DECIMAL) WORDS
OF CORE STCRAGE AND CNE CR TWC TAPE (CR DISC) UNITS WILL BE
REQUIRED FCR A TYPICAL JCB.

PRCGRAMMING LANGUACE USEC - FCRTRAN 1V

CPERATING SYSTEM OR MONITOR LNDER WHICH PRCGRAVM IS EXECUTED -
SCOPE3 (LOCALLY MCOIFIED).

ANY CTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTICNS -
WHEN USING NCN-CDC6600 VERSICAS CF FCRTRAN IV THE IMPLEMENTATION
OF AND/OR CPERATIONS AND EOF TESTING OPERATIONS SHCULD BE CHECKED.

NAME AND ESTABLISHMENT OF AUTHCRS -
D. E. CULLEN, W. KRCPP, S. PEARLSTEIN,
AND C. QZER
NATICNAL NEUTRCN CRCSS SECTICN CENTER
BROOKHAVEN NATIONAL LABCRATORY
UPTON, LONG ISLANC, NEW YORK 11973

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (CHECKER 2355 CARDS, CRECT 259 CARDS, DAMMET 1867
CARDSy PLOTFB 4037 CARDS, SLAVE3 2245 CARCS)
REFERENCE REPORT, BNL-13582

CATEGORY - M
KEYWORDS - DATA PROCESSING, CROSS SECTIONS, GRAPHS, INPUT DATA,
LIBRARIES, MAINTENANCE, RETRIEVAL
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NAME OR DESIGNATICON OF PRCGRAM - CITATION

CCMPUTER FCR WHICH PRCCGRAM IS DESIGNED AND OTHERS UPON WHICH
IT IS OPERABLE - IBM360

DESCRIPTICN CF PROBLEM OR FUNCTION - CITATION IS DESIGNED TO SOLVE
PROBLEMS IANVOLVING THE FINITE-CIFFERENCE REPRESENTATION OF DIFFU-
SION THEORY TREATING UP TO THREE SPACE DIMENSICONS WITH ARBITRARY
GROUP-TC-GROUP SCATTERING. X-Y-Z, THETA-R-Z, HEXAGONAL-Z, AND
TRIAGONAL-Z GECMETRIES MAY BE TREATEC. OCEPLETICN PRCBLEMS MAY BE
SOLVED AND FUEL MANAGEDC FOR MULTI-CYCLE ANALYSIS. EXTENSIVE
FIRST-ORDER PERTURBATICN RESULTS MAY BE OBTAINED, GIVEN MICRO-
SCOPIC DATA AND NUCLIDE CONCENTRATICNS. STATICS PRCELEMS MAY BE
SCLVED AND PERTURBATION RESULTS OBTAINED WITH MICRCSCOPIC DATA.

METHOD OF SOLUTION - EXPLICIT, FINITE-DIFFERENCE AFPRCXIMATIONS

IN SPACE AND TIME HAVE BEEN IMPLEMENTEC. THE NEUTRON-FLUX-EIGEN-
VALUE PROBLFMS ARE SCLVEC BY CIRECT ITERATION TO DETERMINE TFHE
MULT IPLICATION FACTOR OR THE NUCLIDE DENSITIES REQUIRED FOR A CRI-
TICAL SYSTEV.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - CITATICN HAS BEEN
DESIGNED TC ATTACK PRCBLEMS WKICH CAN BE RUN IN A REASONABLE
AMOUNT OF TIME. STCRAGE OF CATA IS ALLOCATEC CYNAMICALLY TO GIVE
THE USER FLEXIBILITY IN DIMENSIONING. TYPICALLY, A FINITE-
DIFFERENCE DIFFUSICN PROBLEM COULD HAVE 200 DEPLETING ZONES,
10,000 NUCLIDE DENSITIFS AND 30,000 SFACE-ENERCY PCINT FLUX
VALUES.

TYPICAL RUNNING TIME - THE TwWC-DIMENSICNAL FINITE-CIFFERENCE CIF-
FUSION THFORY EICENVALUE PROPLEMS ITERATE AT A RATE COF ABOUT 0.1
MILLISECOND PER POINT PER ITERATION WITK ALTERNATING-CIRECTION
LINE RELAXATION (TWO SWEEPS PER ITERATION) WITH 8-BYTE WCRDS ON
THE IBM360/91 (0.5 ON THE 360/75). SINCE ABOUT 30 ITERATICNS

ARE REQUIRED FOR EACH SUCCEECING EIGENVALUE PRCBLENM, MACHINE TIME
FGR A DFPLETION PROBLEM IS ABOUT .0032 SECOND PER PCINT PER TIME-
STEP. MACKHINE TIME FCR MOST AUXILIARY CALCULATIONS IS USUALLY
INSIGNIFICANT. FOR A REPRESENTATIVE FAST BREECER CEPLETICN PROB-
LEM, 68 PERCENT OF THE MACHINE CPU TIME IS SPENT IN SOLVING
EIGENVALUF PROBLEMS.

UNUSUAL FEATURES CF THE FRCGRAM - CITATION IS CONSIDERED UNUSUAL
IN THAT IT SHOULD BE RELATIVELY EASY TC MCDIFY THE CCNTEANTS CR TO
ADC ROUTINES. EFFECTIVE TECFNIQUES ARE INCCRPCRATED TO DETERMINE
A CRITICAL SYSTEM. MCRE THAN ONE SET CF MICRCSCOPIC CROSS SEC-
TIONS MAY BE USED IN A SYSTEM AND NUCLIDE BEHAVICR CAN BE FOLLCWEC
ON A SUB-ZONE SCALE WITKHIN CEPLETION RFGIONS. THE USER HAS FLEXI-
RLE CONTROL CVER THE ROUTE OF A CALCULATICN AS WELL AS OF THE EDIT
OF RESULTS.

RELATED ANC AUXILIARY FROGRAMS - THE MICRCSCOPIC CROSS SECTION
TAPE FOR THIS PROGRAM MAY BE GENERATED BY VARICUS CCDES, BUT XSCRA
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RELATED ANC AUXILIARY FRCGRAMS (CONTINUED)

(ACC ABSTRACT 393) 1S DESIGNED SPECIFICALLY FCR THIS PURPOSE.
THE MICROSCCPIC CRCSS SECTION ROUTINES, FCRMERLY AN AUXILIARY
PROGRAM, WERE INTEGRATED INTC THE CCDE TC PERMIT SUCF DATA TC
BE SUPPLIED FROM CARDS OR MODIFIED IN THE SAME RULN AS A PROBLEWM

IS SOLVED.

STATUS - ABSTRACT FIRST DISTRIBUTED MAY 1970.
IBM260 VERSION SUBMITTEC JULY 1969, REVISEC JANUARY 1970,
2ND REVISION APRIL 1970, 3RD REVISICN NCVEMBER 1971,
4TH REVISICN APRIL 1972, 5TH REVISION JUNE 1572,
6TH REVISION AUGLST 1972, 7TH REVISICN NCVEMBER 1972.

REFERFNCES - T. Be FCWLERy C. Re VONCY, AND Co We. CUNNINGHAM,
NUCLEAR REACTOR CORE ANALYSIS CCDE CITATION, CRNL-TM-24956,
REVISION 2, JULY 1671, SUPPLEMENT 1, OCTOBER 1971, SLPPLEMENT 2,
MARCH 1972, SUPPLEMENT 3, JULY 1972.

N. M. GREENE ANC C. he CRAVEN, JR., XSCRN, A CISCRETE
ORDINATES SPECTRAL AVERAGING CODE, ORNL-TM-2500, JULY 196S.

D. Re VONCY ANC T. B. FCWLER, JCB STREAM OF CASES
FOR THE CCMPUTER CODE CITATION, ORNL-TM-3763, JULY 1972.

MACHINE REQUIREMENTS - IBM360/91 CR ECUIVALENT WITH AT LEAST
128,000 4-BPYTE WORDS OF DIRECTLY-ADDRESSABLE CCRE STCRAGE, 7 TC 32
1/0 DEVICFS CEPENDING UPCN THE CALCULATION, EXCLUDING INPUT AND
OUTPUT DEVICES AND SYSTEM REQUIREMEANTS.

PROGRAMMING LANGUACE USEC - FORTRAN IV

OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
0S/360.

ANY CTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTICANS -
NOW CITATICN CCNTAINS ABOUT 25,000 SCURCE STATEMENTS. WITHOUT
OVERLAY, STORAGE FOR THE CCODE INSTRLCTIONS wWOULD APPRCACF 150,000
4=-BYTE WORCS, BUT WITF OVERLAY THE STORAGE REQUIREMENT IS ABOLT
43,000 FCR THE PROGRAM ANC FIXEC STORAGE, INCLUCING 10,000 FOR
SYSTEM LIBRARY ROUTINES.

NANME AND ESTABLISHMENT OF AUTHCRS -
T. B. FOWLER, D. R. VCNDY, ANC G. h. CUNNINCHAM
CAK RIDGE NATIONAL LABORATORY
P. C. BOX X
OAK RIDGE, TENNESSEE 37830

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECK (28,476 CARDS)
SAMPLE FRCBLEM (850 CARCS)
REFERENCF REPORT, ORNL-TM-2496, REV.2, SUPPLEMENTS 1, 2, AND 3
REFERENCE REPORT, ORNL-TM-3793, AVAILABLE UPCN RECUEST

CATEGORY = K
KEYWORNS = 1-DIMENSIONAL, 2-DIMENSIONAL, 3-DIMENSICMNAL, MULTI-
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17. KEYWORDS (CONTINUED)
GROUP, CIFFUSICN, CRITICALITY SEARCKES, BUCKLING,
X-Y-2y R-THETA, HEXAGONAL, CEPLETICN, FUEL MANAGEMENT
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NAME OR DESIGNATICN CF PROGRAM - ETCX3

COMPUTER FOR WHICKE PROCRAM IS DESIGNED AND CTHERS LPCN WKICH
IT 1S DPERABLE - UNIVAC1108

DESCRIPTICN OF PROBLEM OR FUNCTION - ETOX3 (ENDF/B TC 1D0X) CALCU-
LATES MULTIGROUP CCNSTANTS FCR NUCLEAR REACTCR CALCULATIONS USING
CATA FROM THE EVALUATED NUCLEAR DATA FILE (ENDF/B) VERSION 11
OF VERSICN III FCRMAT. IT CAN ALSO PROCESS VERSION I MATERIALS
THAT DO NOT CALL FCR PARTIAL ENERCY CISTRIBUTICN LAWS 1, 2, 4, 6,
Ck B8 (SEF ENC/F, FILE 5). THE CODE IS CESIGNED TC CCMPUTE ANC
PUNCH -
(A) INFINITE DILUTE CRCSS SECTICAS,
(B) TEMPERATURE DEPENDENT SELF-SHIELDING FACTCRS FCR ARBITRARY
VALUES OF MICRCSCCPIC SIGMAD (TCTAL CRCSS SECTION PER
ATCM) IN THE RUSSIAN (BCNDARENKC) FCRMAT, ANC
(C) INELASTIC SCATTERINC PROBABILITY MATRICES.

METHOD OF SOLUTION - MICROSCOPIC CROUSS SECTICN VALLES ARE CCN-
STRUCTED AS SPECIFIED BY THE ENCF/B. CROUP CCNSTANTS ARE OBTAINED
BY INTEGRATING THE MICRNOSCCPIC DATA CVER GROUP INTERVALS USING THE
FLUX WE IGKTING SCHEME--

PHI(U) IS PRCPCRTICNAL TC 1/SIGMAT(U), SIGMAT(U)=N(J)*MICROSOPIC
SIGMAT(J)+N(J)*MICROSCCPIC SIGMAC.

INTEGRATICN METHOCS USED INCLUDE RCMBERG, GAULSSIAN QULACRATURE, N-
POINT, SIMPSCN AND TRAPFZOICAL. THE CCCE ALLCWS AS INPUT ARBI-
TRARY SETS OF VALUES CF GRCUP ENERGIES, TEMPERATURES, AND MICRC-
SCOPIC SIGMAC, SIGMAS.

RESTPICTICAS ON THE COMPLEXITY CF THE PRCELEMV -

TYPICAL RUNNING TIME = 26-GRCUP CATA FCR A REPRESENTATIVF SET OF
14 ISNTOPES REQUIRES ABOUT 28 MINUTES.

UNUSUAL FEATURES CF THE FRCGRAM -

RELATED ANC AUXILIARY PROGRAMS - WLIB IS A SHORT PRCGRAM INCLUDED
WITH ETOX3. IT CREATES A TABLE CF CCMPLEX INTEGRALS USEC BY
ETOX3. ETCX3 PFQUIRES THE ENDF/B TAFE IN STANCARC ARRANCEMENT
RINARY MODE. SINCE THE ENCF/B TAPES DO NOT NCRMALLY COME IN THIS
MODE, THEY MUST BE PRCCESSEC RY THE CAMMET CCCE (ACC ABSTRACTS 384
AND 475) PRIOR TO USING THEM WITH ETCX3. THE FORMAT CF THE ETCX3
OUTPUT TS COMPATIBLE FOR INPUT TO THE CCMPUTER COCE 1CX (ACC
ABSTRACT 374)y A MULTIPURPOSE DIFFUSICN CCOE FCR GENERATING CROSS
SECTIONS TC BE USED IN FAST REACTOR ANALYSIS.

STATUS - ABSTRACT FIRST DISTRIBLTED MAY 1S7C.
UNIVAC1108 VERSION OF ETOX SUBMITTED JULY 15€S, REVISED
APRIL 1970, REPLACED BY ETCX2 CECEMBER 1970, REPLACED
BY ETUX3 JUNE 1S73.
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REFERENCES - Ro Eo SCHENTER, J. L. BAKER, ANC R. B. KICMAN, ETOX,
A CODE TC CALCULATE GROUP CONSTANTS FOR NUCLEAR FEACTCR CALCULA-
TIONS, BNWL-1C02, MAY 1969.

R. B. KIOMAN, ETCX=-3 CPERATING INSTRUCTICUNS, CVERLAY
STRUCTURE, AND CARD INFUT INSTRUCTIONS, WADCC NOTE.

H. C. HONECK, ENCF/B, SPECIFICATION FCR AN EVALUATED
NUCLFAR DATA FILE FOR REACTCP APPLICATIONS, BAL-50C6€, MAY 1966,
REVISEN JULY 1967.

R. We HARCIE AND We We LITTLE, JR., 1CX, A CNE-
DIMENSIONAL DIFFUSIGN CODE FCR GENERATING EFFECTIVE NUCLEAR CRCSS
SECTIONS, RNWL-954, MARCH 1969.

I. I. BONDARENKC (EDITCR)y GRCUF CCNSTARTS FCR
NUCLFAR RFACTOR CALCULATICNS, CONSULTANTS BUREAUy, NEW YORK, 1564.

We RCMBERG, VERFINFACHTE NUMERISCHF INTEGKATICN, DET.
KCNG. NORSKE VICENSKABER SELSKAB FOURHANDLINGER, BAND 28, NR. 7,
1955

M. ALBRAMOWITZ AND 1. A. STEGLN (ECITCRS), FANCBCCK
UF MATHEMATICAL FUNCTICNS, DOVER PUBLICATIONS, INC.y P. Sl€, 1965.

De M. OSHEA, B. J. TCPPEL, ANC A. L. RACO, MC%%2, A
CODE TN CALCULATE MULTIGFOUP CROSS SECTIONS, ANL-7318, JUNE 1967.

Re Be KIDMAN ANC R. E. SCHENTER, GRCUP CONSTANTS FCR
FAST REACTOR CALCULATICMNS, HECL-TME-71-364 MARCH 1971.

MACFINE RECUIREMENTS - 65K MEMORY, & TAPE UNITS (3 CF WHICH ARE
SCRATCH TAPES), AND RANDCM ACCESS CPLM STCRAGE

PRCGRAMMING LANGUAGE USELC - FCRTRAN IV
(OPERATING SYSTEM CR MONITOR LNDER WHICH PRCGRAM IS EXECUTED -

ANY OTHER FPCGRAMMING CR CPERATINC INFCRMATICN OR RESTRICTIONS -
FTOX3 USFS RANDCOM DRUM STCRAGF TD MAKE MAXIMUM USE CF CORE. THE
TAPE OF CCMPLEX TNTEGRALS PREPARFC BY WLIB SHCULD BE MCUNTED AS
LOGICAL UNIT 9. THE FNCF/B TAPE IN STANCAKC ARRANGEMENT BINARY
MCCE SHCULPR BF MOUNTEL AS LCCGICAL UNIT 12.

NAME AND ESTABLISHMENT CF AUTHCR -
R. B. KIDMAN
HANFCRC ENGINFERING CEVELCPMENT LABORATORY
RESTINGHOUSE HANFCRD CCMPANY
P. C. BCX 1570
RICHLANG, WASHINGTCN 99352

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECKS (ETOX3 4909 CARCS, WLIB 205 CARDS)
SAMPLE PROBLEM (ETOX3 11 CARDS)

PUNCHEN CUTPUT (200 CARCS)
KEFERENCE REPCRT, BAWL-1002, ANC WACCC NOTE

CATEGORY - B
KEYWORDS = GRCUP CCNSTANTS% INELASTIC SCATTERING, FAST REACTCRS,

TEMPERATURE, INPUT DATA, ENDF/B, 10X CCDES, WLIB COCES:
CAMMET CODES
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NAME OR DESIGNATIGN CF PRCGRAM - MANEL

COMPUTER FCR WHICH PROGRAM IS DESIGNED ANC CTHERS UFCA WHICK
IT 1S DPERABLE - CDC6600

DESCRIPTION OF PROBLEM OR FUNCTION - THE MANE1l PRCGRAM FINDS THE
MAGNETIC FLUX IN EACH BRANCK CF A MACNETIC NETWNRK CCNSISTING CF A
NUMBER OF BRANCHES CF IRCN ANC AIR. THE PRCBLEM IS CNE STEP IN
THE NDESIGN OF SLOW SPEED RELUCTANCE MCTCRS IN WHICH THE MAGNETIC
FLUX IS DETERMINEC IN ALL COMPONENT PARTS FOR A POSITION OF TEE
ROTOR WITH RESPECT TD THE STATCR.

METHCD CF SOLUTICN - THE ECUATIONS TC BE SCLVEC ARF OBTAINED BY
APPLYING OKMS LAW AND KIRCHCFFS LAW TC THE MACNETIC NETWCRK. TFE
RESULTING NONLINEAR EQUATIONS ARE SOLVED BY THE NEWTON-RAPHSCN
METHOD OF ITERATICN. THE LINEARIZED EQUATIONS ARE SOLVEC BY

USING KRONS FUNDAMENTAL FORMULA FCR MESH ANALYSIS CF AN ELECTRICAL
CIRCUIT.

RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - THE NETWCRK CCAN-
SISTS OF A NUMBER CF MAJCR RECTAANGLES CR LCOPS CCNNECTEC TO EACK
OTHER IN A CYCLIC FASKINN. FACH LARGE RECTANCLE IS SUEBCIVICFC
INTO A NUMBER OF SMALLFR RECTANGLFS. EACH SIDF (NETWORK BRANCH)
HAS A RELUCTANCE BUT CALY CNF BRANCH CF EACK MAJOR RECTANGLE FKAS
A DRIVING FORCE CORRESPONDING TC THE APPLIED AMPERE TURNS IN TFE
STATOR. [IF THERE ARF L LOCOPS AND R RECTANCGLES PER LCCP, THEN LR
LLINEAR EQUATIONS MUST BF SOLVEC. A RULE CF THUME LIMITATICN IS
LR LESS THAN DR EQUAL TO 90, ALTHOUGH THE PRCGRAM 1S ACTUALLY
LIMITED ONLY BY THE AMCUNT COF CORF STORAGE AND THE ADEQUACY OF
GAUSS ELIMINATION WITH PIVOTAL CCADENSATYICA.

TYPICAL RUNNING TIME - FCR VALUFS CF LR = 24 THE SOLUTION IS
CBTAINED IN 5 TO 10 SECONDS.

UNLSUAL FEATURES CF THE FROGRAM - CIVEN THE MAGNETIZATION CHARAC-
TERISTICS OF THE VARICUS STEELS (REPRESENTED BY PCIANTS ON A
TABLE), MANF1 FINCS A POINT CN EACH CURVE AND CALCLLATES THE EQUA-
TION OF A TANGENT TO THE CURVE INSTEAC CF A STRAIGHT L INE FROM THF
CALCULATED POINT TO THE ORIGIN. REGARDLESS CF THE CCMPLICATICN OF
THE NETWORKy THE PROGRAM SCLVES THE PROBLEM IN LESS THAN 10 ITERA-
TIONS. THE PROGRAM ALSC CALCULATES THE TCTAL MAGNETIC ENERCY IN
THE ENTIRE NFTWORK.

RELATED ANC AUXILIARY PROGRANMS - MANEL IS AN IMPROVEL VERSICAN OF
MOS565 AND USES THE BETTIS ENVIRONMENTAL RCUTINES (ACC ABSTRACT
478) .,

STATUS - ABSTRACT FIRST DISTRIBLTED CECEMBER 1570.
CCC6600 VERSICN SUBMITTEC OCTOBER 19€S, REPLACED BY
REVISED VERSICN APRIL 1973.
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REFERENLES - De Ao GUERDAN, Co J. MARLCWE, MANE1 - A CIGITAL COM-
PUTFR PROGRAM TO SOLVE A RECTANGULAR MAGNETIC NETWCRK, WAPD-TM-
760, SEFTEMBER 1969.

De Ae GUERDAN, MC565, A PRCGRAM TC SOLVE A RECTANGU-
LAR MAGNETIC NETWORK FOR USE ON THE PHILCO-2CCO COMPLTER,
WAPD-TM-557, FEBRUARY 1966.

Ce Jo PFEIFER, CDC-6600 FORTRAN FROCRAMMINC - BETTIS
ENVIRUNMENTAL REPORT, WAPD-TM-668, JANUARY 1G€7.

MACHINE RECUIREMENTS - FOR SMALL PRCBLEMS, LR = 18, 35,000 (CCTAL)
CCRE LOCATIONS ARE REQUIRED. FOR LARGE PROBLEMS, LR = 80, 154,000
(CCTAL) CCRE LCCATICNS ARE REQUIRET.

PRCGRAMMINC LANGUAGE USED - FCRTRAN IV

OPERATING SYSTEM OR MONITOR UNDER WHICH FRCGRAM IS EXECUTEC -
SCGPE" 3o

ANY CTHER PKOGRAMMING OR OPERATING INFCRMATICAN OR RESTRICTICNS -
FOCRTRAN INTECER AND REAL VARIABLES ARE EQUIVALENCED. IT IS
ASSUMED THAT VARPIARLES ARE ALLCCATEC THE SAME NUMBER OF STORAGE
RITS INDEPENDENTLY OF THIS TYPE DESIGMNATICAN.

NANME AND ESTABLISHMENT OF AUTHCRS -
De A. GUERDAN AND C. Jo MARLCWE
BETTIS ATOMIC POWER LABCRATORY
WESTINGHOUSE ELECTRIC CCRPORATICN
P. O. BOX 7S
WEST MIFFLIN, PENNSYLVANIA 15122

MATEPTAL AVAILABLE - RESTRICTED DISTRIBUTICN
SOURCE CFCK (870 CARDS)
SAMPLE FRCRLEM (14 CARCS)
SAMPLF PROBLEM UUTPUT (S PAGFS)
FEFERENCF REPCRTS, WAPL-TM-790 ANC WAPD-TM-66&R

CATEGORY - 1
KEYWORDS - CESIGN, MAGNETIC FLUX, MOS565 COCES
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NAME OR DESIGNATICN OF PROGRAM - CCEBRA3C

CCMPUTER FCR WHICK PROCRAM IS DESIGNED AND OTHFRS LPCN WHICH
IT 1S OPERABLE - UNIVAC1108, IBM370, CDC&600

DESCRIPTICN OF PROBLEM OR FUNCTION - COBRA3C CALCULATES THE
STEADY-STATE AND TRANSIENT FLCW, ENTHALPY ANC PRESSURE CROP IN
THE SUBCHANNELS OF ROD BUNDLF NUCLEAR FUEL ELEMENTS CURING BOTH
BCILING ANC NCABCILINC CCNCITIONS. THE PRCGRAM USES A MATHEMATI-
CAL MDDEL THAT INCLUDES THE EFFECTS CF TURBULENT ANC DIVERSICN
CRCSSFLCW MIXING BETWEEN THE SUBCHANNELS. A THERMAL MODEL OPTICA
IS INCLUBEC TO CALCULATE RADIAL FUEL TEMFERATURE DISTRIBUTION AS
A FUNCTICON OF USER-SPECIFIEC POWER GEANFRATION ANC HEAT TRANSFER
CCRPELATICANS. CRITICAL FEAT FLUX CALCULATIONS CAN ALSO BE PER-
FORMED BY USER OPTION. FORCEC CROSSFLCW MIXING CUE TO CIVERTER
VANES OR WIRE WRAPS CAN BF CCNSIDERED.

METHOD OF SOLUTICN - THE EQUATICNS FCR THE FLUIC FLOW ANC HEAT
TRANSFER MCDEL ARE SOLVFC AS A BOUNDARY-VALUE PRCBLEM BY USING
IMPLICIT FINITE CIFFERENCE EQUATIONS THAT ARE STABLE FOR ALL TIME-
STEPS. THE BOUNDARY CONDITICNS FCR THE FLCw SCLUTICN ARE TFE
INLET ENTHALPY, INLET FLOW, INLET CROSSFLCW AND EXIT PRESSURE. A
COMBINATION OF GAUSS ELIMINATION ANC ITERATICN IS USEC TO PERFORM
THE SOLUTICN. THE SOLUTICN MUST RELY UPCN INPLT CCRRELATICAS TC
SPECIFY THE TURBULENT CRCSSFLOW MIXINC, SUBCHANNEL PRESSURE GRADI-
ENT, AND HFAT TRANSFER COEFFICIENTS CURING BOTH STEACY-STATE ANC
TRANSIENTS .

RESTRICTICNS UPON THE CCMPLEXITY CF THE FPROBLEM - ACJUSTABLE
DIMENS IONS ARF INCLUDED TO ALLOW THE USPR TC EXPAND CR CCNTRACT
THE SIZE OF THE PRCOGRAM TO ACCOMMOCATE HIS COMPUTER STNRAGE
CAPABILITY. THE PRUGRAM HAS PERFCRMED SUCCESSFULLY WITF 36
SUBCHANNELS, 25 FUEL RCDS AN[ 60 SUBCHANNFEL CCNNECTICONS.

TYPICAL RUNNING TIME - ABOUT 2 MINUTES CF UNIVACL108 TIME ARE
REQUIRED FOR 4 TIME-STEPS, 60 AXIAL NODES, 9 SLBCHANNELS, AND 7
KADIAL FUEL NCDES. AROUT 4 MINUTES ARE RECUIRED TO KUN THE SAMPLE
PROBLEM CN THE IBM2é0.

UNLSUAL FEATURES CF THE PROGRAM - CCPRA3C IS A RATHER CENERAL
PROGRAM WHICH CAN BE USED FOR THERFMAL-HYDRAULIC ANALYSIS CF
ALMOST ANY RCD BUNDLE FUEL ELEMENT CONFICLRATICN.

RELATED ANC AUXILIARY PROGRANMS - THIS IS AN IMFRCVEC VERSICN CF
THE COBRA3 PROGRAM DESCRIBELC IN REFERENCE 2.

STATUS - ABSTRACT FIRST DISTRIBUTFC FECEMBER 1S7C.
UNIVAC1108 VERSICN CF COBRA2 SUBMITTED DECEMBER 1570,
REPLACED BY COBRA3 IN JUNE 1671, REPLACEC BY CCEFA3C
IN APRIL 1673
IBM360 VERSICN CF CCPRA2 SUBMITTEDL FEBRUARY 1570,
REPLACED BY COBRA3 IN SEPTENEER 1971, REPLACEC BY
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STATLS (CCATINUEC)
CORRA3C IN APRIL 1973, SANPLE PRCBLEM EXECUTEC BY
ACC .
CCC6H00 VERSICN CF CCBRA3C SUBMITTED JUNE 1973.

RFFERENCES - Co So RCWE, CCERA-ITICy, A CIGITAL COMPLTER PROGRANV
FOR STEADY=STATE AND TRANSIFNT THERMAL-FYCRAULIC ANALYSIS CF ECC
BUNDLF NUCLEAR FUFL ELFMENTS, BNWL-1€S%, MARCH 1973,

D. S« RCWE, COPRA-III, A CIGITAL CCMPUTER PROGRAM FOR
STEADY=-STATF AND TRANSTENT THERMAL-HYDFRAULIC SUBCHANANEL ANALYSIS
UF POD RUNCLE NUCLEAR FUEL ELEMENTS, BNWL-B-82, JULY 1971.

MACHINE RECUIREMFNTS - 32K MEMORY
PROGRAMMING LANGUACE USEC - FCGRTRAN IV

CPERPATING SYSTEM CR MONITOR LNDER WHICH PRCGRAM IS EXECUTEC -
CSCX (UNIVAC108), 0S/370 (IPM370), SCCPF 4.3 (CCC66CO CYRERT70).

ANY CTHER FROGRAMMINC OP OPERATING INFCRMATICN CR RESTRICTICAS -
CCBEA3 IS STILL UNDER CEVELDPMENT. THIS INTERIM VERSION IS
REING MADE AVAILABLE TO EXPEDITE ITS USE BY THF NUCLEAR
INDUSTRY. THE CNDE SH2ULD BF USED WITH DISCPRETION AND WITH FULL
UNDEPSTANCINC CF ITS PRESENT LIMITATICNS.

NAME AND ESTABLISHMENT OF AUTHORS -
1108,66C0 De Se RCWE
PACIFIC NCPTHWEST LARDRATORIES
BEATTELLE
P. C. BCX ©69
RICHLAND, WASHINGTCON 66352

370 Re Lo CURTIS
COMPUTER SCIENCE CENTER
AERCJET NUCLEAR COMPANY
P. Ce BCX 1R45
IDAHO FALLS, IDAHO €34C)

MATERIAL AVAILABLE - MAGNETIC TAFPF TRANSMITTAL
SCURCE DECKS (1108-2563 CARDS, €€00-2S73 CARDS, 370-2997 CARDS)
SAMPLE PPOBLEMS (1108-181 CARCS, 6600-179 CARCS, 370-181 CARDS)
REFERENCE REPMRT, BNWL-16£6%5

CATEGNRY - H

KEYWORDS - THERMODYNAMICS, FLUID FLOW, FUEL ELEMENTS, LICUIDS,
VAPORS,y ENTHALPY, PRESSURE, COBRA CODES
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NAME OR DESIGNATION OF PROGRAM - CONTEMPT-LT/022

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND CTHERS UPON WHICH
IT IS OPERABLE - 1BM360

DESCRIPTION OF PROBLEM OR FUNCTICON - THE CONTEMPT-LT PROGRAM PRE-
DICTS THE PRESSURE-TEMPERATURE RESPONSE OF A DRY WELL OR A DRY
WELL WITH VENTS AND PRESSURE SUPPRESSION SYSTEM TO A LOSS-OF-
COOLANT ACCIDENT. AN ADDITIONAL DUAL CONTAINMENT COMPARTMENT MAY
ALSO BE MODELED IF DESIRED. THE DRY WELL IS SEPARATED INTO A
LIQUID REGION AND A VAPOR REGION. EACH REGION IS ASSUMED TO HAVE
A UNIFORM TEMPERATURE BUT THE TEMPERATURES OF THE TWOD REGIONS MAY
BE DIFFERENT. THE CONTAINMENT BUILCING IS REPRESENTED AS CONSIST-
ING OF SEVERAL HEAT CONDUCTING STRUCTURES WHOSE THERMAL BEHAVIOR
CAN BE DESCRIBED BY THE ONE-DIMENSIONAL MULTI-REGION HEAT CCNDUC-
TION EQUATIONS. WATER AND ENERGY RATES FROM DISCHARGE OF COOLANT,
BOILING OF RESIDUAL WATER BY REACTOR DECAY HEAT, SUPERHEATING OF
STEAM PASSING THROUGH THE CORE, AND METAL-WATER REACTIONS ARE
ASSUMED AVAILABLE FROM PREVIOUS CALCULATICNS AND ARE INPUT DATA TO
THE PROGRAM. PROGRAM OUTPUT INCLUDES CONTAINMENT VOLUME PRESSURE
AND TEMPERATURE, TEMPERATURES THROUCH THE BUILDING STRUCTURES, AND
THE AMOUNT OF WATER, VAPOR, AND ENERGY IN THE CONTAINMENT VOLUMES.
THE PRESSURE SUPPRESSION CALCULATIONS INCLUDE VENT CLEARING AND
FLOW OF A TWO-COMPONENT TWO-PHASE WATER-AIR MIXTURE THROUGH THE
VENTS, AND A MASS-ENERGY BALANCE IN THE WET WELL. THERE ARE PRO-
VISIONS FOR NORMAL BUILDING LEAKAGE, LEAKAGE FROM PENETRATIONS, A
FAN COOLER SYSTEM, AND DRY AND WET WELL SPRAY SYSTEMS.

METHOD OF SOLUTION - THE INITIAL CONDITIONS OF THE CONTAINMENT
ATMOSPHERE ARE CALCULATED FROM INPUT VALUES, AND THE INITIAL TEM-
PERATURE DISTRIBUT IONS THROUGH THE CONTAINMENT STRUCTURES ARE
DETERMINED FROM THE STEADY-STATE SOLUTICN OF THE HEAT CONDUCT ION
EQUATIONS. A TIME ADVANCEMENT PROCEEDS AS FCLLOWS. THE INPUT
WATER AND ENERGY RATES ARE EVALUATEC AT THE MIDPOINT OF A TIME
INTERVAL AND ADDED TO THE CONTAINMENT SYSTEM. PRESSURE SUPPRES-
SIONy, SPRAY SYSTEM EFFECTS, AND FAN COOLER EFFECTS ARE CALCULATED
USING CONDITIONS AT THE BEGINNING OF A TIME-STEP. LEAKAGE AND
HEAT LOSSES OR GAINS, EXTRAPOLATED FROM THE LAST TIME-STEP, ARE
ADDED TO THE CONTAINMENT SYSTEM. CONTAINMENT VOLUME PRESSURE AND
TEMPERATURES ARE ESTIMATED BY SOLVING THE MASS, VOLUME, AND ENERGY
BALANCE EQUATIONS. USING THESE RESULTS AS BOUNDARY CONDITIONS,
THE HEAT CONDUCTION EQUATIONS DESCRIBING STRUCTURE BEHAVIOR ARE
ADVANCED USING AN IMPLICIT TECHNIQUE. THE RESULTING HEAT TRANS-
FER RATES ARE USED TOD CORRECT THE PREVIOUS ESTIMATES OF THE WATER
AND ENERGY STORAGE IN THE CONTAINMENT VCLUME, AND THE CONTAINMENT
CONDITIONS ARE OBTAINED BY SOLVING FOR THE SECOND TIME THE CON-
TAINMENT BALANCE EQUATIONS. THE PRESSURE SUPPRESSION ROUTINES USE
THE CONDITIONS AT THE BEGINNING OF A TIME-STEP TO CALCULATE BOTH
THE INITIAL EXPULSION OF WATER FROM THE VENTS AND THE FLOW THROUGH
THE VENTS. FROM THE CALCULATED FLOW RATES, MASS AND ENERGY ARE
REMOVED FROM THE DRY WELL AND ADDED TO THE WET WELL.
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RESTRICTIONS UN THE COMPLEXITY OF THE PROBLEM - MAXIMA OF -

20 HEAT STRUCTURES

101 MESH POINTS PER STRUCTURE
SEVERAL METHODS FOR DESCRIBING NON-CONSTANT HEAT TRANSFER COEFFI-
CIENTS ARE PROVIDED, BUT THE THERMAL CONDUCTIVITY AND HEAT CAPA-
CITY ARE CONSTANT. WATER THERMODYNAMIC PROPERTIES ARE DETERMINED
FROM TABLE LOOKUP AND INTERPOLATION PROCEDURES.

TYPICAL RUNNING TIME - ON THE I1BM360/75, APPRCXIMATELY .021 SECOND
PER TIME ADVANCEMENT WITH 90 MESH POINTS FOR HEAT STRUCTURES WITH-
OUT PRESSURE SUPPRESSION IS REQUIREC. THE PRESSURE SUPPRESSION
TIMING IS NOT EASILY PREDICTED BUT TWO SAMPLE PROBLEMS RANGED

FROM .3 TO 2 SECONDS PER TIME ADVANCEMENT.

UNUSUAL FEATURES OF THE PROGRAM -

RELATED AND AUXILIARY PROGRAMS - CONTEMPT-LT REPLACES CONTEMPT
(ACC ABSTRACT 297), CONTEMPT-CONPS, AND CONTEMPT-PS.

STATUS - ABSTRACT FIRST CISTRIBUTED CECEMBER 1970.
IBM360 VERSION OF CONTEMPT-CONPS SUBMITTED FEBRUARY 1970,
REPLACED BY CONTEMPT-PS APRIL 1971, REPLACED BY
CONTEMPT-LT/020 AUGUST 1973, REPLACED BY
CONTEMPT-LT/022 DECEMBER 1973, SAMPLE PROBLEM
EXECUTED BY ACC.

REFERENCES - L. C. RICHARDSON,y L. J. FINNEGAN, R. J. WAGNER, AND
Jeo M. WAAGE, CONTEMPT, A COMPUTER PROGRAM FOR PREDICTING THE CON-
TAINMENT PRESSURE-TEMPERATURE RESPONSE TO A LOSS-OF-COOLANT ACCI-
DENT, I1D0-17220, JUNE 1967.

C. Fo CARMICHAEL AND S. A. MARKC, CCNTEMPT-PS - A
DIGITAL COMPUTER CODE FOR PREDICTING THE PRESSURE-TEMPERATURE HIS-
TORY WITHIN A PRESSURE—-SUPPRESSION CCNTAINMENT VESSEL IN RESPONSE
TO A LOSS-OF-COOLANT ACCIDENT, IDO-17252, APRIL 1969.

Re J. WAGNER, CONTEMPT MODIFICATIONS, PHILLIPS PETRO-
LEUM MEMO WAG-24-68 AM, SEPTEMBER 23, 1968.

R« J. WAGNER, CONTEMPT-CONPS MODIFICATIONS, WAG-19-
69A-M, MAY 14, 1969.

C. Fo. CARMICHAEL, MODIFICATIONS TO CONTEMPT/CONPS
CODE, IDAHO NUCLEAR MEMO CARM-16-69, SEPTEMBER 17, 1969.

L. C. RICHARDSON, DATE SUBROUTINE S0000010, PHILLIPS
PETROLEUM NOTE, NOVEMBER 1968.

Re Jo. WAGNER, CVI INPUT SUBROUTINE, IDAHO NUCL EAR
NOTE, MAY 1969.

L. MUELLER, 360/75 INTERVAL TIMER ROUTINE S00030,

PHILLIPS PETROLEUH NOTE, OCTCBER 10, 1968.

K« D. RICHERT, BUFID, A SUBROUTINE TO PERMIT FORTRAN
ACCESS TO I00P, PHILLIPS PETROLEUM NOTE, FEBRUARY 1966.

A. J. SMITH, CALCOMP PLOTTER SUBROUTINES, PHILLIPS
PETROLEUM DESCRIPTION, FEBRUARY 196G.

NRTS ENVIRONMENTAL SUBRCUT INE MANUAL, ANC DOCUMENT,
DECEMBER 1972.

Re Jo WAGNER AND L. L. WHEAT, CONTEMPT-LT USERS
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REFERENCES (COUNTINUED)
MANUAL, INTERIM REPCRT [-214-74-12.1, AUGUST 1973.

Le Lo WHEAT, CONTEMPT-LT/021 CCNTAINMENT CCCE - LLW-
7-73, AEROJET NOUTE, SEPTEMBER 6, 1673,

Le L. WHEAT, CONTEMPT-LT/022 PROGRAM AVAILABILITY -
LLW=-12-73, AERUJET NOTE, DECEMBER 17, 1973.

MACHINE REQUIREMENTS - 270K BYTES ANC A CALCCMP PLCTTER USED FOR
PLOTTING

PROGRAMMING LANGUAGES USED - FORTRAN IV ANC PAL

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGKAM 1S EXECUTED -
0S/360 MVT.

ANY OTHER PROGRAMMING OR OPERATING INFORMATION COR RESTRICTIONS -

NAME AND ESTABLISHMENT NF AUTHORS -
Re Jo WAGNEK AND Lo Lo WHEAT
AERNJET NUCLEAR COMPANY
550 SECNND STREET
IDAHO FALLS, IDAHD 83401

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SNURCE DeCKS (CONTEMPT 5182 CARDS, NRTS ENVIRONMENTAL SURRNY-
TINES 12,187 CARDS)
LOAD MODULc CONTEMPT (342 BLOCKS)
SANPLE PRUBLEM (60 CARDS)
CONTRUL INFORMATION (JCL 53 CARDS)
REFERENCE REPORTS, PROGRAM MODIFICATION MEMORANOA, SURROUTINF
UESCRIPTIONS, INTERIM REPORT, ANO AERDJFT NOTES

CATEGORY - G

KEYWORUS - ACCIDENTS, TEMPERATURE DISTRIBUTICN, PRESSURF DISTRIRU-
TIONy, CONTAINMENT, WATER, THERMCDYNAMICS, LEAKAGE,
HEAT TRANSFER, CONTEMPT COCES
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NAME OR DESIGNATION OF PROGRAM - HEATMESH

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH
IT IS OPERABLE - CDC6600

DESCRIPTION OF PROBLEM OR FUNCTION - HEATMESH IS USED TO GENERATE
GEOMETRICAL DATA REQUIRED FOR STUDIES OF HEAT TRANSFER IN AXISYM-
METRIC STRUCTURES REPRESENTED AS SURFACES OF REVOLUTION. THE PRO-
GRAM CONSISTS OF TWO DISTINCT PHASES. THE FIRST SUBDIVIDES THE
GIVEN PARTS INTO A NODAL NETWORK AND EVALUATES THE GEOMETRICAL
PROPERTIES OF THE NODES. THE SECOND DETERMINES ADJACENT NODES AND
EDITS GEOMETRICAL DATA FOR THE THERMAL MODEL.

METHOD OF SOLUTION - THE STRUCTURE TO BE STUDIED, REPRESENTED AS A
BODY OF REVOLUTION, IS DIVIDED INTO PARTS HAVING COMMON MATERIAL
PROPERTIES AND REPRESENTED AS BODIES OF REVCLUTION. EACH PART IS
THEN DESCRIBED AS FOUR SURFACES OF REVOLUTION SUBDIVIDED INTO
NODES WHICH FORM A MESH. DATA FOR EACH PART ARE COLLECTED, I.E.
VOLUME, AREA, AND PART NUMBER OF EACH NODE, AND NODE SURFACES ON
THE PART BOUNDARY AND INSIDE THE PART BOUNDARY. THE DISTANCE
BETWEEN THE CENTER AND THE MIDPOINT OF EACH SURFACE OF THE NDDE

IS TABULATED ALSO.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM -
NUMBER OF SUBDIVISIONS BETWEEN 1 AND 50 FOR SIDES 1 AND 3
NUMBER OF SUBDIVISIONS BETWEEN 1 AND 12 FOR SIDES 2 AND 4

TYPICAL RUNNING TIME -

UNUSUAL FEATURES OF THE PROGRAM - THE INPUT DATA ARE CONSTRUCTED
IN THE SAME MANNER AS USED IN THE APT PROGRAM. DATA GENERATED BY
APT CAN BE USED IN HEATMESH WITH ONLY MINOR CHANGES.

RELATED AND AUXILIARY PROGRAMS — THE DATA GENERATED BY HEATMESH
ARE USED IN THE DIFFERENCE EQUATIONS OF THE HEATFLOW PROGRAM WHICH
SOLVES TRANSIENT HEAT TRANSFER PROBLEMS.

STATUS - ABSTRACT FIRST DISTRIBUTED DECEMBER 1970.
CDC6600 VERSION SUBMITTED JANUARY 1970.

REFERENCES - V. K. GABRIELSON, HEATMESH, A COMPUTER CODE FDR GEN-

ERATING GEOMETRICAL DATA REQUIRED FCR STUDIES OF HEAT TRANSFER IN

::;SYNMETR!C STRUCTURES, SCL-DR-67-30, SEPTEMBER 1967, AND ERRATA,
0.

MACHINE REQUIREMENTS -

PROGRAMMING LANGUAGE USED - FORTRAN IV

SEERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED —
OPE.
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MACHINE KEQUIREMENTS - 140,000 OCTAL w0ORNS
PROGRAMMING LANGUAGE USEC - FORTRAN IV

NPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE.

ANY CTHER PROGRAMMING DR OPERATING INFORMATICON OR RESTRICTIONS -
CYGRN3 CALLS A SUBROUTINE TICK WHICH IS NCT INCLUDED WITH THF PRN-
GRAM NOR WITH THE BFTTIS ENVIRONMENTAL ROUTINES. THEREFODRE, THE
USER WILL HAVE TO PRCVIDE HIS OWN SUBROUTINE TICK. CALL TICK(HRS)
IS USFD TU OBTAIN ELAPSED TIME FCR THE CURRENT JOR. IT SETS HRS
(REAL) TO THE cLAPSED CHARGE TIME IN HOURS.

NAME AND cSTABLISHMENT OF AUTHCRS -
E. DUNCOMBE AND C. M. FRIEDFICH
BETTIS ATOMIC POWER LABRORATORY
WESTINGHOUSE FLECTRIC CORPCRATICN
P. 0. BOX 79
WEST MIFFLIN, PENNSYLVANIA 15122

MATFRIAL AVAILABLE - RESTRICTED DISTRIBUTICON
MAGNETIC TAPE TRANSMITTAL
SOURCE DECK (5206 CARDS)
SAMPLE PRUBLEM (95 CARCS)
SAMPLEL PROBLEM OUTPUT (15 PAGFS)
REFERENCE REPORTS

CATEGORY - 1
KEYWORDS - STRESSES DISTRIBUTION, FUEL ELEMENTS, DEFCRMATICN,
TEMPERATURE y PRFSSURE, CYGRO LOCES
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NAME DR DESIGNATIUN OF PROGRAM - KENC/KENU2

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WHICH
IT IS OPERABLE - IBM360, CDC6600

DESCRIPTIUON OF PROBLEM OR FUNCTION - KENO IS A MULTIGROUP MNONTE
CARLG CRITICALITY CODE CONTAINING A SPECIAL GECMETRY PACKAGE WHICH
ALLCWS EASY DESCRIPTION OF SYSTEMS COMPNSED OF CYLINCERS, SPHERES,
AND CUBOIDS (RECTANGULAR PARALLELEPIPEDS) ARFANGELC IN ANY NRDER
WITH ONLY ONE RESTRICTION (EACH GENMETRICAL RFGION MUST BF
DESCRIBED AS COMPLETFLY ENCLOSING ALL REGIONS INTERICFE TO IT).

FOR SYSTEMS NJT Dt SCRIBABLE USING THIS SPECIAL GECMETFRY PACKAGE,
THE PROGRAM CAN USE THE GENFRALIZFED GEOMETRY PACKAGE (GEOM)
DEVELQCPcD FOR THE 05R MONTE CARLO CCCE. IT ALLOWS ANY SYSTEM THAT
CAN BE DESCRIBED BY A COLLECTION DF PLANES AND/OR QUACRATIC
SURFACES, ARBITRARILY ORIENTED AND INTERSECTING IN ARBITRAFY
FASHION. RcCTANGULAR ARRAYS CF FISSILE UNITS APE ALLCWEC WITH NR
WITHOUT EXTERNAL REFLECTOR REGIONS. OQUTPUT FROM KENC CONSISTS CF
KEFF FOR THE SYSTEM PLUS AN ESTIMATE OF ITS STANDARD DPEVIATION AND
THE LEAKAGE, ABSORPTION, AND FISSINONS FCR EACH ENERGY GRCUP PLUS
THE TOTALS FOR ALL GROUPS. FLUX AS A FUNCTION OF ENERGY GROUP AND
REGION AND FISSIUN DENSITIES AS A FUNCTION CF REGICN ARE OPTIONAL
ouTPUT.

METHCD CF SOLUTIUN - THE SCATTERING TREATMENT USED IN KEND ASSUMES
THAT THE DIFFERENTIAL NEUTRON SCATTERING CRCSS SECTINMN CAN BE
REPRESENTED BY A Pl LEGENDRF POLYNOMIAL. ABSODRPTIUN COF NEUTRONS
IN KENO IS NOT ALLOWED. INSTEAD, AT EACH CCLLISINN FOINT NF A
NEUTRON TRACKING HISTORY THE WEIGHT OF THE NEUTRON IS REDUCEN BY
THE ABSUKPTIUN PRUBABILITY. WHEN THE NEUTPON WEIGHT HAS BEEN
REDUCED bclLOW A SPECIFIED POINT FOR THE REGICN IN WHICH THE CRLLI-
SION OCCURS, RUSSIAN ROULFTTE IS PLAYED TO DFTERMINE IF THE NFU-
TRONS HISTORY IS TO BE TERMINATED AT THAT PCINT QR IF THE NEUTRON
IS TO SUKVIVE WITH AN INCREASED WEIGHT. SPLITTING NF HIGH WFIGHT
NEUTRONS IS ALLUWED IN ORDER TO MINIMIZF THE VAR IANCE IN KEFE FOP
SYSTEMS WITH REGIONS OF WIDFELY VARYING AVEPACE WEIGHTS .

RESTRICTIUNS UN THE COMPLEXITY OF THE PROBLEM -

TYPICAL RUNNING TIME - THE FIRST SAMPLE PRCBLEM REQUIRES JUST NVER
2 MINUTES OF CXECUTINN TIME ON THE IBM360/S1 AND 6 MINUTES NN THE
IBM360/75. TYPICAL PROBLFMS RUN BCTWEEN 2 AND 30 MINUTES NN THF
CCC6600y VEPENDING NN THE NUMBER OF HISTARIFS REQUESTED, THE STA-
;ISTICAL WEIGHTING USED, AND THE PRESENCE CR ABSENCE NF REFLEC-
ORS.

UNUSUAL FEATURES UF THE PROGRAM - THE MIXED BROX FTCATUFE PERMITS
THE CALCJULATION OF MANY DIFFERENT TYPES OF UNITS. KENN2 INPUT IS
EXTENSIVELY CHECKED FOR CONSISTENCY AND COMPLFTENESS.

FELATED AND AUXILLARY PROGRAMS — ANISN (ACC ABSTRACT 151), DOT,
GEUM, 05K
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STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1672,
IBM360 VERSICN OF KENO SUBMITTEND MAY 1970, REPLACED RY
SECOND VERSION SEPTEMBER 1971, SAMPLE PFOBLEM EXE-
CUTED BY ACC.
CDC6600 VERSION CF KFENC2 SUBMITTED JULY 1973.

REFERENCES - G. E. WHITESIDES AND N. F. CROSS, KENJ - A MULTIGROUP
MONTE CARLO CRITICALITY PROGRAM, CTC-5, SEPTEMBFR 10, 1969.

KENO DATA GUIDE, CTC-5 ERRATA PP,21-32, SEPTEMBER
1971.

DESCRIPTION COF ALBEDC ANC CROSS SECTION PATA, 0ORNL
NOTE, SEPTEMBER 1971.

ACC PROGRAMMING NOTE, KENO TAPE SETUP, JANUARY 1S72.

DEANNE NDICKINSON, RCCKY FLATS KENC I1 MANUAL, APRIL
1973.

ACC 450 KENC2 CCC6600 FROGRAMMING NOTES, JULY 1973.

MACHINE REQUIREMENTS - CDC6600  PROGRAM RFQUIRES 64K WORDS OF FAST
COREy A DISK FACILITY OR ONE OR MORE TAPE UNITS.

PRUGRAMMING LANGUAGFES USEDR - FORTRAN IV, EXCEPT FOR 3 MACHINE
LANGUAGE SUBROUTINES (IBM360) AND FTN FORTRAN WITH CCMPASS Sun-
ROUTINES (CDC6600).

OPERATING SYSTEM UR MONITOR UNCER WHICH PRCGRAM IS EXECUTED -
0S/360 (18M360) AND SCOPE 3.3 (CDC6ECO).

ANY CTHER PRUGRAMMING OR CPERATING INFORMATICN OR RFESTRICTIONS -
I1BM360 SAMPLE PROBLEM CAN BF EXECUTED BY MCUANTING THE DISTRIBUTION
TAPE AND USING THE JCL CARDS FROM FILF 5 TO RETRIEVE THE NRJFCT
PROGRAM AND ANY NEEDED CRMSS SECTICN CR #LRECC DATA., THE ENCLOSES
CROSS SECTION AND ALBEDO DATA ARE INCLUDED FOR THE SOLE PUFPNSF
OF ALLOWING THE SAMPLE PROBLFMS TO BE RUN FOR [INSTRUCT IONAL PUP-
POSES AND SHOULD NOT BE ASSUMED USFFUL FNR ANY OTHER PURPNSE WITH-
CUT CLOSt EXAMINAT ION AS TO THEIR APPLICABILITY.

THE 3 MACHINE LANGUAGE SURROUTINES MENTICNED IN ITEM 12 INCLUDRE
A RANDOM NUMBcR PACKAGE RANDNUM (ENTRIES FLTRN, AZIRN, EXPEN, AND
GTISC)y A TIMING SUBROUT INE PULL (FATRIES PULL AND ITIME), AND
MONDEL, A SUSROUTINE USED AT DAK RIDGE TC IDENTIFY THF MACHINE NN
WHICH A PRUBLEM IS BFING RUN.

NAME AND ESTAGLISHMENT DF AUTHORS -
360 Ge Eo WHITESIDES AND No. F. CRUSS
MATHEMATICS DIVISION
OAK RIDGE NATIONAL-LABORATCFY
P. 0. BOX X
DAK RIDGE, TENNFSSFE 37830

6600 OEANNE DICK INSON
ROCKY FLATS DIVISICAN
O0W CHEMICAL USA
P. C. BOX 888
GOLDEN, CCLCRADC 80401
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16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL (260-6 FILFS)

SNURCE DECK (360-FILF5 5230 CARDS, 6600-5109 CARDS)

NBJECT DeCK (360-FILE3 3347 CARDS)

SAMPLE PRUBLEMS (360-FILE6 1664 CARDS, 6600-369 CAFDS)

LIBRARIES (360-CPOSS SECTION FILEL 110 VARTARLE-SIZEC BINARY
RECORDS AND ALBEDOS FILE2 39 VARIABLE-SIZED RINARY
RECJRNS)

CONTROL INFORMATION (360-JCL FILE4 2S5 CARDS)

SAMPLE PROBLEM CUTPUT (360-110 SELECTED PAGES, 6600-58 PAGES)

RFFERENCE REPUORT, FRRATA, MANUAL, AND NCTES

17. CATEGORY - C
KEYWDRDS - MULTIGRNOUP, MONTE CARLO METHCD, CPITICALITY, LFAKAGE,
AB5SUJRPT ION, FISSION, STATISTICS, ANISN CORES, DOT
CO0ESy GEOM CCCES, OSR CCDES
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NAME OR DESIGNATIJN CF PRNOGRAM - SAFE-CRACK

COMPUTER FOR WHICH PROGRAM IS DESIGAED AND CTHERS UPCN WHICH
IT IS OPERABLE - UNIVACL108

DESCRIPTION OF PROBLEM OR FUNCTION - SAFE-CRACK PERFCRMS A VISCP-
ELASTIC ANALYSIS OF PLANE AND AXISYMMETRIC CCMPOSITE CONCRETF
STRUCTURES SUBJECTED TO TRANSIENT TEMPERATURE AND MFCHANICAL L0AD-
INGS. THE SP&CIFIC CREEP CF CONCRETE AS AN AGE AND TEMPERATURE
CEPENDENT FUNCTION, AND CONCKRETE FAILURE UMNCER COMBINED STFESSES
ARE CONSIDEREDe PARTICULAR EMPHASIS IS PLACED ON ThF CRACKING
ANALYSIS IN CONCRETE STRUCTURES AND THE NONLINEAR DEPENCENCE 0OF
CREEP PROPERTY ON TRANSIENT TEMPERATURE,

METHGD OF SOLUTION - THF PROGRAM USES THE FINITE-ELEMENT MFf THND
WHICH REDUCES THE PROBLEM TC THE SOLUTICN OF A SYSTEM OF COUPLFD
INTEGRAL EQUATION>. THF CHOLESKY METHOD IS USED TO SCLVE THF
LINEAR SYSTEM UF EQUAT IONS ANC THE TRAPEZOICAL RULE IS APPLIFD E0p
THE TIME INTEGKATION.

RESTRICTIUNS UN THE COMPLEXITY OF THE PROBLFM - MAXIMA OF -
300 NUDES
675 ELEMENTS
70 TIME-STEPS

TYPICAL RUNNING TIME - S0 MINUTES ARE REQUIRFD FORF A FULL-CAPACITY
PROBLEM.

UNUJSUAL FcATURES OF THE PRNGRAM -
RELATED AND AUXILIARY PROGRAMS — SAFE-CRECP (ACC ABSTPACT 200)

STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972.
UNIVACL108 VERSTION SUBMITTED MAY 1970.

REFERENCES - Y. R. RASHIC, NONLINEAR QUAST-STATIC ANALYSIS DF Tw0-
DIMENSIUNAL CONCRzTE STRUCTURES, PART I THECRY, PART II COMPUTEPR
PROGRAM MANUAL, GA-9SS4, MARCH 23, 1570.

Re Do BROWNE, PROPERTIES NF CONCRETE IN KEACTOR VES-
SELS, CONFERENCE ON PRESTPESSED CONCRETE PRFSSURE VESSELS AT
CHURCH HOUSEy WESTMINSTER, Sa.W. 1, 13-17 MARCH 1567, THE TINSTITUTE
CF CIVIL ENGINEERS, LONDCN, 1968, ?P. 131-151.

NTRAN, 1/0 ROUTINES FOR TAPE AND DRUM, EXCECRPT FROM
UNIVAC 1107 FOKTRAN IV PROGRAMMERS REFERENCE MANUAL, UP-3569,
REV. 1.

MACHINE REQUIREMENTS - 65K MEMORY AND 13 TAPES
PROGRAMMING LANGUAGE USED - FNRTRAN V

OPERATING SYSTcM OR MONITCR UNDER WHICH PRCCRAM IS EXECUTED -
EXEC Il.
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NAME OR DESIGNATION OF PROGFAM - SPANS

COMPUTER FCR WHICH PRCGRAM IS CESIGNEC AND OTHERS UPCN WHICH
IT IS OPERABLE - CDCé&€00

DESCRIPTICN CF PRCBLEM CR FUNCTION - SPAN4 CALCLLATES THE FAST
NEUTRON DCSF RATE, THERMAL NEUTRCN FLLX, GAMMA-RAY FLUX, DCSE
RATE, AND ENERGY-ABSORPTICN RATE TN RECTANGULAR, CYLINDRICAL, AND
SPHFRICAL GECMFTRIES BY INTEGRATING APPRCPRIATE EXPCANENTIAL KER-
NELS OVER A SOURCE DISTRIBUTION. THE SHIFLD CCNFIGULRATICN IS
FLEXIBLE - A FIRST-LEVEL SHIELD MESK, USING ANY ONE OF THE THREE
GEOMETRIES, IS SPECIFIED. REGICNS CF THIS SAME CECMETRY CR CF
OTHFER GECMETRIES, HAVING THEIR OWN (FINER) MESHES, MAY THEN BE
FMBRFDDEC BRETWEEN THE FIRST-LEVEL MESF LINES, CEFINING SECOND-LEVEL
SHIELD MESHFES. THIS PRNCESS IS TELESCCFIC - THIRC-LEVEL SKIELC
MFSHES MAY BE EMBEDDED BETWEEN SECONC-LEVEL MESH LINES IN TURN.
ALL MESHES MAY HAVE VARIABLE SPACING. SCURCES ANC CETECTCRS MAY
B8F LOCATED ARBITRARILY WITH RESPECT 10O ANY SHIELD MESH. THE
SOURCE IS CEFINEDC BY THE FUNCTION -
S=S0+S1(A)*S2(B)*S3(C)+S4(A,B)*S3(C)+S5(A,C)*S2(E)+S6(B,C)
*S1(A)+ST7(A,B,C)
WHERE A, B, AND C REPRESENT COORCINATES. [IF ANY FACTOR IS MISS~-
INGy THE CORRESPONDING TFRMS ARE ZERC. CROSS SECTICAS, BUILDUP
FACTORSy STANCARC COMPCSITICNS, ENFRCY STRUCTURES, DCSE-CCANVERSICA
FACTORS, INFINITE LINE AND INFINITE PLANE SOURCE KERMNELS, ANC
QUADRATURES ARE CONTAINED IN A LIBRARY CF APPRCXIMATELY 10,000
ITEMS.

METHOD OF SOLUTION - ALL KERNFLS USEC ASSUME EXPCNENTIAL ATTENUA-
TICN. BY RAY TRACINGy THE STRAIGHT-LINE,OISTANCES BETWEEN POINTS
IN THE SOURCE AND DOSE PCINTS ARE FCUNC, TC BE USEC IN CALCULATINC
THE ATTENUATION. INTEGRALS AREF EVALUATED BY GAUSS-LEGENDRE,
GAUSS-LAGUERRE, CR LCBATTC CUACRATURE. ACCURACY IS CEPENCENT ON
THE ACCURACY OF THE LIBRARY DATA AND ON THE CRCERS CF CUADRATURE
USED. IN THERMAL NEUTRCN FLUX CALCULATIONS, THE DCSF POINTS MUST
BE LOCATED WITHIN OR BEYCNC KYCRCGENCUS RECICAS, UNLESS THE
REMOVAL CRCSS SECTIONS FOR THE NON-HYDROGFAQUS CASE APE KNCWA.

RESTRICTICNS CN THE CCMPLEXITY CF THE PRCBLEM - CYNAMIC STCRAGE IS
USED FOR LARGE BLOCKS OF DATA. HOWFVER, THE FCLLCWING LIMITS ARE
TC BE OBSERVEC - MAXIMA CF -
75 SHIELD UNITS
75 COMPOSITION MATRICES
9 SCURCES ANC DETECTCRS
9 FIELD-POINT LISTS
450 DIFFERENT DYNAMICALLY-STORED ARRAYS. THE NLMBER OF SUCH
ARRAYS IS 3*(NUMBER OF SHIELC UNITS)+NUMBER CF CCMPOSITION
MATRICES+10*(NUMBER OF SOURCES+NUMBER CF DETECTCRS)#NUMEER
OF FIELD PCINT LISTS+1l.
400 DIFFERENT COMPCSITICN NUMBERS
200 MESH LINES IN ANY DIRECTION IN ANY SHIELD UNIT
33 EMPEDCFD CECMETRIES IN THE PATK CF CNE R2Y
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REQTR[CTICKS ON THE COMPLEXITY OF THE PROBLEM (CCANTINUED)
COMBINED FIELD-PCINT LISTS
33 INTEGRATIONS IN ONE CASE
15 DECAY-TIMES LISTS
2000 ITEMS IN ANY CNE DATA GRCUP, EXCEPT SCURCE STRENCTHKS
2000 PRODUCT OF THE ORDERS OF THE THREE QUADRATURE ANUMBERS
MAXIMUM ADCITIONS TO THE LIERARY -
1016 CRCSS SECTION DATA ENTRIES CR 32 NEW ELEVMENTS
1060 COMPOSITION DATA ENTRIES OR 276 CCMPCSITIONS
190 ENERGY-STRUCTURE DATA ENTRIES CR 19 ENERCY STRUCTURES
350 BUILDUP-FACTOR DATA ENTRIES CR 3 NEW BUILCUP-FACTOR
MATERIALS

TYPICAL RUNNING TIME - A CONSERVATIVE ESTIMATE CF THE COMPUTER
TIME REQUIRED FCR A RUN IS GIVEN BY -
T(SEC)=25+(0.00042*NC*NI+0.1%*(E-1)+0.02%NC)*NF
WHERE NG 1S THE PRUDUCT OF THE ORDERS OF THE CUACRATLRES USED IN
INTEGRATING CVER THE SCURCE VCLUME, NI IS THE NUMBER OF MESK LINES
CFOSSED IN RAY-TRACING FROM A TYPICAL GAUSS PCINT TC A TYPICAL
FIFLD PCINT, NF IS THE NUMBFR OF FIFLD POINTS IN THE RUN, E IS THE
NUMBER OF ENERGY LEVELS IN THE ENERCY STRUCTURE, ANC NC IS TKE
NUMBER OF CIFFERENT COMNPCSITICNS.

UNUSUAL FEATURES CF THE PROGRAM - THE EXTREME FLEXIBILITY OF THE
SHIELD GEOMETRY OPTIONS ALLOWS NFARLY EXACT REPRESENTATICNS GF
VERY COMPLEX REACTCRS, SHIELCS, ANC REACTCR CCMPARTMENT SITUA-
TIONS. COMPLEX REACTORS AND CTHER DEVICES ARE REPRESENTEC BY
EMBEDD ING PORTIONS OF CNE GECMETRY IN ANCTHER AS FOLLOWS.

A BASIC GECMFTRY (RECTANGULAR, CYLINCRICAL, OR SPHERICAL) IS
NEFINED FOR THE SHIELD CONFIGURATION, AND IS USED TC SPECIFY THE
MESHLINES IN THE FIRST-LEVEL SHIELC UNIT. THE FIRST-LEVEL SHIELD
USUALLY ENCNMPASSES ALL OF THE SHIELDS ANC CCMPONENTS WHICH ARE TO
BE REPRESENTED IN THE PROBLEM. AFTER THE FIRST-LEVEL SHIELD UNIT
HAS BEFEN SPECIFIEC, NEw SHFIELC UNITS MAY BE CEFINED (USING A DIF-
FERENT CEOMETRY THAN THE FIRST-LEVEL SHIELD IF PESIREC), ANC POR-
TICNS OF THESE NEW SFIELD UNITS MAY BE EMBEDDED BETWEEN THE MESH-
LINES OF THE FIRST-LEVEL SHIELC UNIT. THESE NEW SHIELC UNITS
BECOME SECCND-LEVEL SHIELDS.

THE EMBEDDING PROCESS IS TELESCOPIC, SUCH THAT THIRD-LEVEL
SHIFLD UNITS MAY BE DEFINED AND EMBEDDED IN THE SECCANC-LEVEL
SHIFLD UNITS, ANC EACF NEW LEVEL OF SHIELD GECMETRY IS EMBEDDED IN
THE NEXT LCWER LEVEL. THE MESHLINES WHICF ARE SPECIFIED IN EACH
SHIELD MAY HAVE VARIAEBLE SPACING.

EACH CELL FORMED BY THE MESHLINES OF EACH SHIELD ULNIT MAY THEN
BE SPECIFIED TC CCNTAIN EITHER A CCMPCSITION (THAT IS VvOID, ELE-
MENT, COMPOUND, OR MIXTUREC) CR A CELL-SHAPED PCRTICN OF A KFIGHER-
ORNER SHIFLD UNIT. THE HIGHEST-ORCER SHIELD UNIT(S) IN A PROBLEM
WILL THERFFCRE HAVE A COMPOSITION IN EVERY CELL.

MULTIPLF SDURCES ANC CETFCTORS ARF ALLOWED, THUS SIMPLIFYING
SOMF TYPES OF STUCIES. NINE SOURCE AND CETECTCR GEOMETRIES MAY
BE DEFINED IN A SPAN4 PROUBLEN, AND AGAIN THE GECMETRIES MAY BE
RECTANGULAR, CYLINDRICAL, CR SPHERICAL. SOURCES AND DETECTORS MAY
RE LOCATED ARBITRARILY WITH RESPECT TC ANY SHIELD UNIT, AND THE

-
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10.

UNUSUAL FEATURES CF THE PROGRAM (CONTINUED)

REGIONS OF INTEGRATION (OR DETECTCRS) CVER WHICH THE FLUX, DOSE
RATE, OR ENERGY-ABSORPTION RATE ARE CALCULATED MAY BE PARTS CF
RECTANGULAR SOLIDS, PARTS OF CYLINDERS, OR PARTS OF SPHERES.

THE ENERGY OUTPUT CR PARTICLE EMISSICN CF EACK SCURCE IS
DESCRIBED BY A GENERAL THREE-DIMENSIONAL DISTRIBUTICN FUNCTION.
THE VARIATICAN CF THE SOURCE CISTRIBUTICN FUNCTION BETWEEN MESH-
LINES MAY BE LINEAR, SEMI-LOG, OR LOG-LOG. THE GENERALITY OF THE
FUNCTICN RECUIRES THAT THE INTEGRAL BE ESTIMATED BY MEANS OF
GAUSS-LEGENDRE, GAUSS-LAGUERRE, CR LCBATTC QUACRATURES. A NUMBER
OF AUXILIARY PROGRAMS WHICH PREPARE SPAN4 INPUT FILES ANC PRCCESS
SPAN4 OUTPUT FILES EXIST. ISCTROPIC SCURCES ARE USUALLY ASSUMED.
A COSINE SCURCE OPTION ALLOWS THE SIMULATICN CF ANISCTROPIC
SOURCES.

RELATED AND AUXILIARY PROGRAMS - SPAN4 IS AN EXTENSICN OF, ANC
SUPERCEDES, SPAN3., SPAN4 USES THE BETTIS ENVIRONMENTAL ROUTINES
(ACC ABSTRACT 478).

STATUS - ABSTRACT FIRST DISTRIBUTEC JANUARY 1672z.
CCC66500 VERSICN A SUBMITTEC SEPTEMBER 1970, REPLACED BY
VERSION B FEBRUARY 1673,

REFFRENCES - 0. J. WALLACE, SPAN-4 - A PCINT-KERNEL COMPUTER PRO-
GRAM FOR SHIELDING, WAPD-TM-BCS(L)-I1SSUE 2, VCLS. I AND II,
CCTOBER 1972.

O. Jo WALLACE, SPAN=-4 = A PCINT-KERNEL CCMPUTER PRO-
GRAM FOR SHFIELDING, WAPD-TM-B809, DECEMBER 196S.

C. Jo PFEIFER, CCC-6600 FCRTRAN PROGRAMMING - BETTIS
ENVIRONMENTAL REPORT, WAPD-TN-668, JANUARY 1967.

We He GUILINGER, N. D. COOKs* AND P. A. GILLIS, SPAN-3
A SHIELD DESIGN PRCGRAM FOR THE PHILCC-2000 CCMPUTER, WAPC-TM-235,
FEBRUARY 1662.

CCNTRCL DATA 6400/6500/6600 CCMPUTER SYSTEMS SCOPE
2,1 REFERENCE MANUAL, PUBL. NC. 60189400A, FEBRUARY 1968.

MACHINE REQUIREMENTS - 64K CENTRAL MEMORY ANC ONE SYSTEM DISK.
MICROFILM IS REQUIRED IF THE PLCT CPTICAS ARE TC BE USEC.

PRCGRAMMING LANGUACES USED - FORTRAN [V ANC ASCENT

OPERATING SYSTEM CR MCNITCR LNDER WHICH PRCGRAM IS EXECUTED -
SCCPE 3.1.

ANY CTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTICNS -
SPAN4 IS STRUCTURED INTO DISTINCT PARTS WHICH ARE LOACEC INTO
CENTRAL MEMORY AS REQUIRED. THESE PARTS ARE REFERREC TC AS OVEK-
LAYS AS DESCRIBED IN REFERENCE S. ESSENTIALLY AN CVERLAY REPRE-
SENTS THE AMOUNT CF PRCGRAM TEXT IN CEANTPAL MEMORY. WITH OVERLAY
LOADING, THE MAIN OVERLAY IS ALWAYS IN MEMORY, AND, IN ADDITICN, A
PARTICULAR PRIMARY ANC ONE SECONDARY OVERLAY MAY ALSC BE IN CEN-
TRAL MEMORY. SPAN4 CONTAINS A MAIN CVERLAY, 7 PRINMARY OVERLAYS,
AND 8 SECCNDARY OVERLAYS. OVERALL PROGRANM CCATRCL IS VESTEC IN
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15.

17.

ANY OTHER INFORMATION OR RESTRICTICNS (CONTINUEC)

THE MAIN OVERLAY AND THE PRIMARY AND SECONDARY OVERLAYS ARE LOADED
AND EXECUTED THROUGH THE USE CF THE NEXT SUBROUTINE CESCRIBED IN
PEFERENCE: 3¢

NAME ANN ESTABLISHKMENT OF AUTHCR -
C. J. WALLACE
RETTIS ATOMIC POWER LABCURATORY
WESTINGHCUSE ELECTRIC CCRPCRATION
P. 0. BOX 76
WEST MIFFLIN, PENNSYLVANIA 15122

MATERTAL AVAILABLE - RESTRICTED DISTRIBUTION
MAGNFTIC TAPE TRANSMITTAL (2 TAPES)
SOURCE CECK (PART 1 11,08C CARCS, PART 2 11,553 CAFCS)
SAMPLE PROBLEMS (466 CARDS)
REFERENCE REPCRTS, WAPC-TM-809(L), VCLS. 1 AND 2

CATEGCRY - J
KEYWCORDS - CCSF RATES, SHIELCING CESIGN, GAMMA RADIATION, SPAN3
CODES



l.

2.

4a

5.

6.

803

ACC ABSTRACT 465 10773

NAME OR DESIGNATICN CF PRCGFAM - RESEND/ADLER

COMPUTER FCR WHICH PRCGRAM IS DESIGNED ANC OTFERS UPCN WHICH
IT 1S OPERABLE - CCC6600, PCP10

DESCRIPTION OF PROBLEM OR FUNCTICN - RESFAC GENERATES INFINITELY
DILUTE, UNERCACENED PCINT CROSS SECTIONS IN THE ENDF FORMAT BY
COMBINING ENDF FILE 3, BACKGRCUNC CRCSS SECTIONS WITF POINTS CAL-
CULATED FROM ENDF FILE 2, RESONANCF PARAMETER CATA.

ADLER CALCULATES TCTAL, CAPTURE ANC FISSICN CROSS SECTIONS FROM
THE CORRESPONDING ADLER-ADLER PARAMETERS IN THE ENCF/P FILE 2 VER-
SICN I1 CATA AND ALSC DOPPLER-BROACENS CROSS SECTICONS.

METHOD OF SOLUTION -~ RESENC CALCULATICNS ARE CCNE IN TwC STEPS BY
TWC SEPARATF SECTIONS OF THE PROGRAM. THE FIRST SECTION DOES THE
RESONANCE CALCULATICN AND STCRES THE RESULTS CN A SCRATCK FILE.
THE SECOND SECTION COMBINES THE DATA FROM THE SCRATCH FILE WITH
BACKGROUND CRCSS SECTICNS ANC PRINTS THE RESLLTS.

ADLER USES THE ADLER-ACLER FCRMALISM.

RESTRICTICANS ON THE CCMPLEXITY OF THE PROBLEM - RESEND EXPECTS ITS
INPUT TO BE A STANDARD MCDE BCC ENCF FILE (VERSICN II/III)e. SINCE
THE OUTPUT IS ALSO A STANDARD MODE BCD ENDF FILF, THE PRCGRAM IS
LIMITED BY THE SIX SIGNIFICANT FIGURF ACCURACY INHERENT IN TFE
ENDF FORMATS. (IF THE CRDSS SECTION HAS BEEN CALCULATED AT ThwO
PCINTS SC CLCSE IN ENERGY THAT ONLY THEIR LEAST SIGNIFICANT
FIGURES DIFFER, THAT INTERVAL IS ASSULMED TC HAVE CCNVERGEC, EVEN
IF CTHER CONVERGENCE CRITERIA MAY NOT BE SATISFIED.) IN THE UNRE-
SCLVED RANGF THE CROSS SECTICNS HAVE REEN AVERAGED OVER A PORTER-
THOMAS DISTRIBUTION. IN SCME REGICNS TH& CALCULATEC RESCNANCE
CROSS SECTIONS MAY BE NEGATIVE. IN SUCK CASES THE STANDARD CCN-
VERGENCE CRITERICN WCULD CAUSE AN UNNECESSARILY LARGE NUMBER OF
PCINTS TO BE PRODUCED IN THE REGION WHERE THE CRCSS SECTIOAM
RECOMES ZERC. FCR THIS REASON AN ACOITIONAL INPUT CCNVERGENCE
CRITERION MAY BE USED (AVERR), BY MEANS OF WHICH IF THE ABSCLUTE
VALUE CF THE CROSS SECTION AT BOTH ENDS OF AN INTERVAL IS LESS
THAN AVERR THEN THE INTERVAL IS ASSUMFC TC KAVE CONVERGEC. TKERE
ARE NO LIMITATIONS ON THE TOTAL NUMBER OF PCINTS GENERATED. TFE
PRESENT ENCF (VERSICON II/III) FORMATS RESTRICT THE TOTAL NUMBER

OF POINTS THAT CAN BE GIVEN FCR A REACTICN TYPE TO 5000.

ADLER CAN HANDLE RESONANCE DATA UP TO A MAXINUM CF 10 ISCTOPES
WITH A TOTAL NUMBER OF 500 RESONANCES. THE CCDE ASSUMES THAT THE
RESOLVED RESCNANCE PARAMETERS ARE GIVEN FCR CNE ENERCY RANCE WHICK
IS THE SAME FOR ALL THE ISOTOPES OF AN ELEMENT. THE MESK PCINTS
AT WHICH THE CRCSS SECTIONS ARE CALCULATEC CAN BE VARIEC. SINCE
THE CALCULATED DATA ARE NOT STORED, AN INCREASE IN THE NUMRER OF
MESH PGINTS DOES ANCT CCNFLICT WITK ANY STCRAGE REQUIREMENT.

TYPICAL RUNNING TIME - TO PRODUCE THE U23Ff (ENDF MAT = 1103) CRCSS
SECTIONS WITH A 1 PERCENT ACCURACY (FRR = 0.01) RESEND GENERATES
ABOUT 12,000 RESCNANCE POINTS ANC RECUIRES ABCUT 1 FCUR CN TFE
PDP10. FOR LESS COMPLEX MATERIALS RUNNING TINME IS CCASIDERABLY
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TYPICAL RUNNING TIME (CONTINUEC)
SHCRTER.

ADLER CALCULATICNS CF CROSS SECTICNS CF ONE ISOTOPE WITH 37
RESONANCES AND 20 MESH POINTS BETWEEN RESCNANCES REQUIRES 21
SECONDS WITHCUT DCPPLER BRCACENING ANC 20S SECCNDS wITH DOPPLER

BROADENING.
UNUSUAL FEATURES OF THE PROGRAM -

RELATED ANC AUXILIARY PROGRAMS - RESEND CCMBINES THE FEATURES OF
THE RESONANCE REGION CODES AVRAGE3, AVRAGE4, AND SIGMA2. ADDI-
TIONAL SUBROUTINES UNDER DEVELCPMENT WILL FURTHER ENABLE IT TO
REPLACE ADLER AND RAMP1 (ACC ABSTRACT 4S52).

STATUS - ABSTRACT FIRST CISTRIBUTEC JANUARY 1972.
CDC6HK00 VERSIONS OF AVRAGE3,4, SIGVMA2, ANC ACLER SUE-
MITTED CCTOBER 1570, REPLACED BY REVISED VERSICN
DECEMBER 1671. AVRAGE3,4, ANC SICMA2 REPLACED BY
PDP10 VERSION OF RESFND AUGLST 1972.

REFERENCES - M. R. BHAT, ENCF/B PRCCESSING COCES FCR THE RESONANCE
REGION, BNL-50296 (ENCF-148), JUNE 1S71.

M. Ko DRAKEy ECey CATA FORMATS AND PROCEDURES FOR THE
ENDF NEUTRON CROSS SECTICN LIBRARY, BAL-50274(T-601) (ENCF-102),
VCL. 1y OCTOBER 1S70.

ODELL! QZER, PRCCRAM RESENC, BNL-17134, JANUARY 1S572.

D. B. ADLER AND F. T. ADLER, ANALYSIS CF NEUTRCN
RESCNANCES IN FISSILE ELEMENTS, PROGRAMS CCDILLI, CURVEPLCT AND
SIGMA, COC-1546-3, SEPTEMBFR 1966.

MACHINE REQUIREMENTS - RESENC REQUIRES 24K DECIMAL CCRE WITH 2
SCRATCH UNITS, AN INPLT UNIT FCR THE ENCF CATA, AN CUTPUT UNIT,

A UNIT FOR REACING IN THF RUN PARAMETERS (TELETYPE CR SYSTEWM
INPUT) ANC A UNIT FCR FRINTING OUT RUN ASSCCIATED MESSAGES (TELE-
TYPE OR SYSTEM OULTPUT). ADLER REQUIRES 37K CCTAL MENCRY.

PFOGRAMMING LANGUACE USEC - FCRTRAN 1V

OP ERATING SYSTEM OF MONTTOR LNDER WHICH PRCGRAM IS EXECUTED -
SCOPF 3.0,

ANY CTHER PROGRAMMING CR OPERATING INFORMATICN OR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHCRS -
M. R. BHAT AND O. OZER
NATICNAL NEUTRCN CRCSS SECTICN CENTER
BPOOKHAVEN NATICNAL LABCRATORY
UPTCNy LCNG ISLAND, NEW YCRK 11673

MATEPTAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (RESEND 2321 CARDS, ADLER 892 CARDS)
SAMPLE PRPCBLEM (ACLER 157 CARCS)

PEFERENCE PEPORTS, BNL-5C266 ANC RNL-17134
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17. CATEGORY - A
KEYWORDS - AVERAGES, SCATTERING, CAPTURE, FISSICA, CRCSS SECTICNS,
ENDF/B, DCPPLER PROACENING, MULTILEVEL, BREIT-WICNER

FORMULA, AVRAGE3 CODES, AVRAGE4 CCCES, SICMA2 CCDES,
RAMP1 CODES
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NAME OR DcSIGNATION OF PRCGRAM - APRFX1

COMPUTER FOR WHICH PROGRAM IS DESIGNEC AND OTHERS UPON WHICH
IT IS OPERABLE - CDC6600

DESCRIPTIUN OF PRUBLEM OR FUNCTICN - APRFX1 COLLAPSES AND COM-
BINES CROSS SECTION SETS FOR MULTIGROUP TRANSPORT CALCULATIONS.
IT PERFOKMS GRUUP COLLAPING FOR AS MANY ISOTPPES, MIXTURES AND
LEGENDRE EXPANSION SETS AS DESIRED FRCM THE CLC-28 LIBRARY. THE
OLC-2B LIBRARY STRUCTURE EMPLOYS TENTH LETHARGY UNIT INTERVALS
FRUM 15 MEV TU 111 KEV ANC QUARTER LETHARGY INTERVALS DOWN TO
0.414 EVe A 100TH GROUP 0.0 TO 0.414 EV IS USED AS A SINK GRNUP,
THE CNOE ALSO DETERMINES THE BRODAD GROUP INPUT SNURCE AND GENER-
ATES AVERAGED NEUTRON VELOCITIES FOR USE WITH TRANSPOFT CAL CULA-
TIONS.

METHCD OF SOLUTION - THE FINE GRCUP CRMOSS SFCTIONS ARE COLI APSED
TO A BROAD GROUP STRUCTURE ACCORDING TO A FLUX SPECTPUM EITHER
INPUT BY THE USER OR CALCULATEN BY THE CODE. FINE GFOUP CROSS
SECTIONS ARt AVERAGED TC FORM EITHER MACRCSCOPIC OR MICRNOSCOPIC
ISOTOPE CROSS SCCTIONS AND ANY COMBINATION COF MACROSCOPIC MIXTURES
CF THESE CROSS SECTIONS.

RESTRICTIONS UN THE COMPLEXITY OF THE PROABLFM - THIS VERSICN COF
THE CODE USES THE DLC-28 LIBRARY IN ANISN-DCT FOKMAT. UPSCATTER-
ING IS NOT INCLUVED.

TYPICAL RUNNING TIME -
UNJSUAL FEATURES OF THE PROGRAM -

RELATED AND AUXILIARY PRCGRAMS - THE PRCGRAM UTILIZES THE 69
GROUP DLC-2B NEJUTRON CROSS SECTION LIBRARY, THIS LIRKARY IS
DERIVED FROM THE ENDF/R CATA 8Y USE OF SUPFRTCG (ACC ABSTRACT

431) AND IS IN THE ANISN-DCT FORMAT. THFE CCCE FUNCTICONS SIMIIAPLY
TC ZOT (ACC ABSTRACT 113) WRITTEN AT LOS ALAMOS SCIENTIFIC LARCRA-
TCRY.

STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1S72.
CDC6500 VERSION SUBMITTED CCTOBER 1970.

REFERENCES - PAUL S. PICKARD, NEUTRON CROSS SECTIAN COLLAPSING
CODE APRF X1, AMXRO-BNL(12-70), JUNT 1, 1970.

_ PAUL S. PICKARD AND DONALD 0. WILLIAMS, CALCULATEN
NEUTKIN ENERGY SPcCTRA FNR THE APRF REACTNR, AMXRD-BNL(S-70),
APRIL 28, 1970.
MACHINE REQUIREMENTS -
PRIGRAMAING LANGUAGE USZD - FNORTRAN TV

CP=RATING SYSTEM QR MONITCR UNDER WRICH PROGRAM IS EXECUTER =
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14. ANY CTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

15. NAME AND ESTABLISHMENT OF AUTHORS -

AUTHOK
PAUL S. PICKARD

CONTACT
DR. 8. H., KAZI
ARMY PULSE RADIATICN FACILITY
Ue So DEPARTMENT DOF THE ARMY
ABERDEEN RESEARCH AND CEVELCPMENT CENTER
ABERDEEN PROVING GRCUND, MARYLAND 21005

16, NMATERIAL AVAILABLE -
SOURCE DECK (646 CARDS)
REFERENCE REPORTS

17. CATEGORY - 8
KEYWORDS - CROUSS SECTIONS, MULTIGROUP, GROUP CUNSTANTS, SUPERTNG
CODcSy ANISN CODES, ZCT CCCES, CCT COCES
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NAME NR DESIGNATION OF PROGRAM - HRG3

COMPUTER FCR WHICH PRCGRAM IS CESICNED ANDC GTHERS UPCN WHICH
IT 1S NPERABLE - UNIVAC1108, IBM3€C/27C

DESCRIPTICN OF PRCBLEM CR FUNCTICN - THE CCDE COMPUTES THE SLOWING
DOWN SPECTRUM OVER THE ENERGY RANGE 10 MEV TC .414 EV IN EITHER
THE B1 CR F1 APPRCXIMATICN, USING 68 CRCUPS CF NEUTRONS WITH A
CONSTANT GROUP WIDTH OF DELTA U = «25. THE CALCULATEC FLUX ANC
CURRENT SPECTRA ARE USED TC REDUCE THE CRIGINAL €8-GROUP CRCSS
SECTION DATA TO AVERAGF VALUES CVER AS MANY AS 33 BRCAC GROLPS.
OUTPUT IS PRINTED AND MAY ALSC BE PUNCHED IN FCPMATS FOR INPUT TO
ANY OF SEVERAL SPATIAL MULTICRCGUP CCCFS.

METHOD OF SOLUTION - THF 68 FINE-GROUP FLUXES ANC CURPENTS ARE
CALCULATED BY ONE SWEEP THROUGH THE GROUP STRUCTURE, STARTING FROM
A SPECIFIEL SCURCE DISTRIBUTICN. THE SCURCE MAY BE SELECTEC FRCM
AMONG THF 8 AVAILABLE CN THE DATA TAPE OR VMAY BE IANPLT. THE
MULTIGRCUP MCCEL USES A FULL CCWNSCATTERINC MATRIX, WITH
INELASTIC, N2N, AND PC AND P1 CCMPCNENTS CF ELASTIC SCATTERINC
EXPLICITLY INCLUCED. MACROSCCPIC FINE-GROUP PARAMETERS ARE
CONSTRUCTEC FROM INPUT NUCLICE CONCENTRATICNS ANC MICROSCOPIC
PARAMETFRS, AVAILABLE CN THE DATA TAPE FCR MORE THAN 200
INDIVINUAL NUCLIDES. THERE IS NO RESTRICTICN, OTHER THAN AVAIL-
ARILITY, ON THE NUMBER OF NUCLIUES USABLE IN A CASF. A SPECIAL
CALCULATION IS MACE IN THE RESONANCE RANGE FOR CERTAIN NUCLIDES,
USING AN ADAPTATICN CF THF ACLER, KINMAN, AND NOFCHEIM METKCC TO
CBTAIN AN INTEPMEDIATE RESONANCE APFRCXIMATICN FCR BCTE TFHE
ABSCRBFR NUCLIDE ANC AN ACMIXEC MODERATCR. THE RESCNANCE CCNTRI-
BUTION IS ALLCCATED TC THE FINE-GRCUPS IN A CCNSISTENT MANNER
PFOVIDING SELF-SHIELDING IN BCTH SPACE AND ENERGY. ADDITICNAL
SELF-SHIELCING FACTCRS MAY BE REAC IN FOR ANY NUCLIDE, IF DESIRED.
THE FINE-GROUP FLUXES ANL CURRENTS ARE USEC AS WEICFTING FUNC-
TICNS IN AVERAGING MACROSCOPIC AND MICROSCCPIC PARAMETERS CVER
THE SPECIFIEC BRCAC-GPCUP STRUCTURE. AS AN CPTION, THE NEUTRON
AGE IN AN INFINITE MEDIUM MAY BE CALCULATEC BY THE MCMENTS METHOC.

RESTPICTICNS CN THE CCMPLEXITY OF THE PRCBLEM - THE MAXIMUM NUMBER
NF BROAD GROUPS IS 33. BROAD-GROLP BOUNCARIES ARE ADJUSTED INTER-
NALLY TC CCINCIDE WITK CNE CF THE €8 FINF-GROULP BOUNDARIES.

TYPICAL RUNNING TIME - FOR 10 NUCLIDES, INCLUCING 4 WITHk

RESONANCE CALCULATICN AND NC PUNCHED OUTPUT, 40 SECONDS ARE
RFQUIRED FCR THE FIRST CASE IN A RUN, AND 20 SECONCS FCR EACF SUC-
CEEDING CASE.

UNUSUAL FEATURES CF THE FRCGRAM -

RELATED ANC AUXILIARY FRCGRAMS - NUTAPE2 UPDATES AND/OR PRINTS
THE HRG3 DATA TAPE. RINHDT CCANVERTS A BCC LIBRARY TC THE BINARY
FORMAT USEC BY HRG3.
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g, STATUS - ABSTRACT FIRST DISTRIBLTED JANUARY 1672.
UNIVACL108 VERSICN SUBMITTEC OCTCBER 1970.
IBM360 VERSICN SUBMITTEC MARCF 1973, SAMFLE PRCELEM EXE-
CUTED BY ACC.

10, REFERENCES - J. L. CARTER, KRG3 - A CCCE FCR CALCULATING TFE
SLOWING-DOWN SPECTRUM IN THE P1 OR B1 APPROXIMATICNS, BNWL-1432,
JUNE 1670.

HRG-3 CHANGES IN CONVERSICN TO [BM 360/370, TVA NCTE,
1973.

11. MACHINE REQUIREMENTS - 64K MEMORY, NCRMAL INPUT, OUTFUT, PRCCRAM,
AND PUNCH UNITS, 1 UNIT FOR LIBRARY, 1 TO 4 SCRATCH LNITS OR
THEIR EQUIVALENT CN DRUM (UNIVAC110f), 200K MEMORY, STANCARC I/C
UNITSy, 1 UNIT FOR LIBRARY, ANC 1 SCRATCH UNIT ([EM360)

12. PROGRAMMING LANGULAGF USED - FCRTRAN IV

13. CPERATING SYSTEM OR MCONITCR UNDER WHICH PRCGRAM IS EXECUTED -
CSCX (UNIVAC1108), 0S/360 (IBM360).

14. ANY CTHER PROGRAMMINC OR OPERATING INFORMATION OR RESTRICTIONS -
A FEW SPECIAL FEATURES OF CSCX ARE USED BY THE UNIVAC)1108. TKEIR
FUNCTIONS APFE DESCRIBED IN THE REFERENCE REPCRT BAWL-1432.

15. NAME AND ESTABLISHMENT OF AUTHCRS -
1108 Je Lo CARTER
REACTCR PHYSICS CEPARTMENT
PACIFIC NCRTHWEST LABCRATCRIES
BATTELLE
P. C. BCX 959 .
RICHLANDy WASHINCTCN 66352

360 G. he PERRY
TENNESSEE VALLEY AUTHCRITY
303 POWER BUILDING
CHATTANCOGA, TENNESSEE 37401

l6. MATERIAL AVAILABLF - MAGNETIC TAPE TRANSMITTAL (1 CR 3 TAPES)
SOURCE CECKS (HRG3 1108-2512 CARDS, 2360-211€ CARCS, NLTAPE2
1108-815 CARDS, 2€0-858 CARCS, BRINHFCT 1108-278
CARCS, 360-z8¢& CARCS)
SAMPLE PROBLEMS (HRG3 1108-48 CARDS, 360-21 CARCS, BINFCT
11C8-2€& CARDS, 360-1 CARD, NLTAPEZ 3€0-3
CARDS)
LIBRARIES (1108-1417 BINARY RECCRDS, 360 ANC 1108 TAPE 2
17,635 CARDS, TAPE 3 16,53C CARDYS)
CONTROL INFORMATICN (HRG3 360-11 CARCS, BINKFCT 26C-16 CARDS,
NLTAPE2 3€C-14 CARCS)
SAMPLE PROBLEM OUTPUT (BINKDT-11 PAGES)
REFERENCE REPORT ANC TVA NCTE
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17. CATEGORY - B
KEYWORDS - SLOWING DOWN, GRCUP CCNSTANTS, CRCSS SECTICNS, ELASTIC

SCATTERING, INELASTIC SCATTERING, NUTAPE2 CODES,
BINHDT CCDES
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NAME OR DESIGWNATION 0OF PROGRAM - BUBL1

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND CTHERS UPCN WHICH
IT IS OPERABLE - CDCe66OO

DESCRIPTION OF PROARLEM NR FUNCTION - RUBLL PREDICTS FUEL SWELLING
AND FISSION GAS RELFASE FROM NUCLEAR FUELS, BASED ON MOVEMENT OF
FISSICN GAS BUBBLES IN SCLIDS BY A SURFACE CIFFUSION MECHANTSM
UNDER THE ACTION OF A THERMAL GRADIENT (SEE REFERENCE 3). INTER-
ACTICONS OF THE BUBBLFES WITH CISLOCATIONS ANC GRAIN BOUNDARIES PEN-
VIDE TEMPORARY TRAPPING SITZS, PRIOR TO RELFASE.

METHCD UF SOLUTIUN - BUBLL IS A COMPUTER SIMULATION OF A FUEL
REGION. WITHIN THIS REGION, FISSINN GAS EVENTS ARE FCLLCWED VIA A
MCNTE CARLO TECHNIQUF. INCIVIDUAL BUBRBLES APE FOLLOWED THRCUGH
THEIR TIME HISTORY FROM NUCLEATICN TC RELEASE FROM THE FUEL, WITH
INTERACTIUNS AT DISLOCATIONS AND GRAIN BOUNCARIES. SPECIFIC
RURRLE SIZES ARE UETERMINED FROM EITHER THF IDEAL GAS LAW DR THE
VAN DER WAALS EQUATION NF STATE AS MCCIFIED PY A LOCAL HYDROSTATIC
PRESSURE TERM.

RESTRICTIONS ON THE COMPLEXITY CF THF PROBLEM — THE CURRENT VER-
SION UF BUBLL IS RESTRICTED TN ISOTHERMAL PRORLEMS WITH NON-VARY-
ING HYDRUSTATIC PRESSURFE ANC THERMAL GRADIEMT HISTOFIES.

TYPICAL RUNNING TIME - NNE MINUTE PER CASE IS RECUIPEC.

UNUSUAL FEATURcS OF THE PRCGRAM - BUBLL IS A UNIQUE ANALYSIS TOOL
IN THAT IT IS THE ONLY KNOWN PROGRAM WHICH EXPLICITLY DESCRIBES A
FUEL REGION AND FOLLCWS FISSION GAS ATOMS FROM NUCLEATION UNTIL
RELEASc FROM THE FUEL REGION CCCURS. IT IS THE ONLY MODEL AVATl-
ABLE WHICH PREUDICTS THE PHENOMENA OF SATURATION IN GASEQUS SWFLL-
ING AT HIGH TEMPERATURE ANC A TEMPERATURE DOF MAXIMUM SWELLING,
BOTH HAVING BEEN OBSERVED EXPERIMENTALLY.

RELATED AND AUXILIARY PROGRAMS - THE LCNG RANGCE PLAN IS TO INTE-
GRATE THE BUBL SWELLING ANND GAS RELEASE MODEL WITH CYGRO3 (ACC
ABSTRACT 449). BUBL1 USES THE BETTIS ENVIRONMENTAL POUUTINES (ACC
ABSTRACT 478).

STATUS - ABSTRACT FIRST DISTRIBUTEC JANUARY 1972.
CDC6600 VERSION SUBMITTED CCTCBER 1970.

REFERENCES — H. R. WARNER, RUBL-1 - A STATISTICAL FUFL SWFLLING
AND FISSION GAS RELFASF MODEL, WAPD-TM-942, SEPTEMBEP 1970.

C. Jo PFEIFER, CDC-660C FORTRAN PROGRAMMING — BRETTIS
ENVIRCNMENTAL REPORT, WAPD-TM-668, JANUARY 1967.

F. A. NICHOLS, BEHAVIOR CF GASECUS FISSICN PRODUCTS
IN OXIDE FUEL CLEMENTS, WAPD-TM-570, OCTOBER 1966.

E. DUNCOMBE AND C. M. FRIEDRICH, CYGRO-3 - A CNMPUTER
PROGRAM TO UETERMINE TEMPFRATURES, STRESSES AND DEFOKMATION IN
OXIDE FUEL RUDS, WAPD-TM-961, MARCH 1970.
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11.
12.
13.

14.

15.

16.

17.

MACHINE REQUIREMENTS - 65K MEMORY, A PRINTER, AND A PLOTTER
PROGRAMMING LANGUAGE USED - FORTRAN IV

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE 3.1.

ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
BUBLL USES PLOTTING ROUTINES DESCRIBED IN REFERENCE 2. FUNCTION
SUBROUT INE RANGEN IS ENTERED IN THE BUBL1 PROGRAM BY THE REAL
FUNCTION RANDOM(0) s WHICH PRODUCES A REAL RANDOM NUMBER R SUCH
THAT 0.0 LESS THAN OR EQUAL R LESS THAN 1.0.

NAME AND ESTABLISHMENT OF AUTHOR -
He R. WARNER
BETTIS ATOMIC POWER LABORATORY
WESTINGHOUSE ELECTRIC CORPORATION
P. 0. BOX 76
WEST MIFFLIN, PENNSYLVANIA 15122

MATERIAL AVAILABLE - RESTRICTED DISTRIBUTICN
MAGNET IC TAPE TRANSMITTAL
SOURCE DECK (1366 CARDS)
SAMPLE PROBLEM (12 CARDS)
REFERENCE REPORTS, WAPD-TM-942 AND WAPD-TM-668

CATEGORY - 1
KEYWORDS - FUELS, SWELLING, FISSION GASES, SOLIDS, MONTE CARLO
METHOD, CYGRO3 CODES
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NAME OR DESIGNATICN CF PROGRAM - PMS1

COMPUTER FCR WHICH PROGRAM IS DESIGNED AND CTHERS UPCN WHICH
IT IS OPERABLE - IBM360

DESCRIPTION OF PROBLEM OR FUNCTION - PMS1 CORRECTS EXPERIMENTAL
FAST NEUTRCN PCLARIZATICN CATA FOR FINITE GECMETRY ANC MULTIPLE
SCATTERING EFFECTS, WHEN LIQUID HELIUM IS THE POLARIZER ANALYZER.

METHCD CF SCLUTICN - THE MCNTE CARLO CCDE SIMULATES THE ACTUAL
GEOMETRY OF THE EXPERIMENT, TRACES SCATTERING HISTCRIES TO ESTI-
MATE MULTIPLE-SCATTERING ASYMMETRY FOR AN INCIDENT NEUTRON BEAM CF
ARBITRARY FOLARIZATICN. THE CODE USES PHASE SKIFTS TO CALCULATE
THE NECESSARY PARAMETFRS, THE ANGULAR DISTRIBUTICNS (D SIGMA)/

(C OMEGA), THE PCLARIZATICN P AND THE SPIN ROTATION PARAMETER BETA
NEEDED FOR CCNSISTENT TRACKING CF PCLARIZATICN EFFECTS IN SUCCES-
SIVE SCATTERING. THE PHASE SHIFT DATA ARE TAKEN FRCM THE FITTED
DATA OF HOCP AND BARSCHALL ABOVE 1.5 MEV AND FROM MORGAN AND
WALTER BELCW 1.5 MEV. THF CCDE ADJUSTS THE INITIAL INPUT PCLARI-
ZATICN NEECED TO REPRCCUCE THE MEASURED LEFT-RIGHT CCUNT RATIC FOR
THE TwO DETECTORS.

RESTRICTICNS ON THE COUMPLEXITY OF THE PRUBLEM - NO MCORE THAN FIVE
COLLISICNS ARE ALLCWED ANC LIQUIC FELIUM MUST BE THE POLARIZER
ANALYZER. THE TOTAL NUMBER CF ENERGY POINTS FCR WHICKF PFASE
SHIFTS ARE GIVEN MUST BE LESS THAN 100.

TYPICAL RUNNING TIME - ABOLT 3 MINUTES PER CASF ARE REQUIREC.
UNUSUAL FEATURES CF THE PROGRAM -
RELATED ANC AUXILIARY PRCGRAMS -
STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1§72.
IBM360 VERSION SUBMITTED OCTOBER 1970, REPLACED BY
UPDATED VERSICON APRIL 1973, SAMFLE PROBLEM EXECUTED
BY ACC.
REFERENCES - G. We MORRISCN, T. Ge MILLER, ANC F. P. GIBSON,
PMS1 - A FORTRAN MONTE CARLO CODE FOR CCRRECTING EXPERIMENTAL
FAST-NEUTRCN PCLARIZATION DATA, CTC-S, CECEMBFR 19€S.
B. HOOP AND K. k. BARSCFALL, SCATTERINGC CF NEUTRCNS
BY ALPHA-PARTICLES, NUCLEAR PKYSICS, VOL. E3, P. 65, 1966.
MACHINE REQUIREMENTS - 32K MENCRY
PROGRAMMINC LANGUACES USED - FORTRAN IV(F) AND BAL

OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
CS/360. .

ANY OTHER PROGRAMMING OR OPERATING INFORMATICA CR RESTRICTICNS -



813

ACC ABSTRACT 4€9 -2- 10/73

15.

16.

17.

NAME AND ESTABLISHMENT OF AUTHCRS -
G. W. MORRISCN
CAK RIDGE NATIONAL LABORATORY
P. 0. BOX X
OAK RIDGE, TENNESSEE 37830
Fe Po GIBSON AND T. G. MILLER
U. S. ARMY VMISSILE CCMMANC
REDSTONE ARSENAL, ALABAMA 35808

MATERIAL AVAILABLE -
SOURCE CECK (1040 CARDS)
SAMPLE PROBLEM (31 CARDS)
SAMPLE PROBLEM OUTPUT (6 PAGES)
REFERENCE REPCRT

CATEGORY - O
KEYWORDS - MONTE CARLOC METHCD, STATISTICS, ELASTIC SCATTERING,
POLARIZATICN, HELIUM
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NAME OR DESIGNATION OF PROGRAM - GRAMP

COMPUTER FOR WHICH PROGRAM IS DESIGNED ANC CTHERS UPON WHICH
IT IS OPERABLE - CDC6600

DESCRIPTION OF PROBLEM OR FUNCTICN - GRAMP RANDOMLY GENERATES
REICH AND MOURE PARAMETERS FOR MULTILEVEL UNRESOLVED RESONANCES OF
FISSILE ISOTOPES.

METHOD OF SOLUTION - PARAMETERS ARE SELECTED RANDOMLY FRCM THE
APPROPRIATE DISTRIBUTION FUNCTIONS. RESONANCE ENERGIES ARE CHOSEN
FROM THE WIGNER DISTRIBUTION. PARTIAL FISSICN WIDTHS ANC THE
REDUCED NEUTRON WIDTH ARE CHOSEN FROM THE PORTER-THOMAS DISTRIBU-
TION. THE FISSION WIDTH FOR A GIVEN RESONANCE IN THE REICH AND
MOORE FORMALISM IS THE SUM OF A SET OF PARTIAL WIDTHS CORRESPOND-
ING TO THE OPEN FISSION CHANNELS.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM — THE MAXIMUM NUMBER
OF RESONANCES PER SPIN STATE IS 100. TWO COMPOUND NUCLEUS SPIN
STATES ARE ALLOWED AND EACH SPIN STATE MAY HAVE 2 OPEN FISSION
CHANNELS .

TYPICAL RUNNING TIME - PARAMETERS FCR 1000 RESCNANCES ARE GENER-
ATED IN 6 SECUNDS.

UNUSUAL FEATURES OF THE PROGRAM -

RELATED AND AUXILIARY PROGRAMS - GRAMP QUTPUT MAY BE PUNCHED ON
CARDS WHICH SERVE AS INPUT TO RECAP-0.

STATUS - ABSTRACT FIRST DISTRIBUTEC JANUARY 1972.
CDC6600 VERSION SUBMITTED ANCVEMBER 1970.

REFERENCES - M. GOLDSMITH, GRAMP-A PRCOGRAM TO GENERATE REICH AND
MOORE PARAMETERS FOR MULTILEVEL UNRESOLVED RESONANCES, WAPD-TM-
939, MAY 1970.

MACHINE REQUIREMENTS -
PROGRAMMING LANGUAGE USED - FORTRAN IV

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE 3.l.

ANY OTHER PROGRAMMING OR OPERAT ING INFORMATION OR RESTRICTIONS -
THI'S PROGRAM USES THE BETTIS ENVIRONMENTAL ROUT INES INTTAP, OUTTAP
AND FINISH (ACC ABSTRACT 478). SETRAN INITIALIZES THE RANDOM NUM-
BER SEQUENCE AND THE RANDOM(0) FUNCTION PROVIDES THE NEXT RANDOM
NUMBER FROM THE RANGEN, RANDOM NUMBER GENERATING ROUT INE, WHICH
PROVIDES REAL NUMBERS, R, RANDOMLY DISTRIBUTED IN THE RANGE O LESS
THAN OR EQUAL R LESS THAN 1.
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NAME OR DESIGNATION OF PROGRAM - CRECT/CHECKER/RIGEL/PLCTFR/
LISTFC/DICTION/SLAVE3/DAMMET

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND CTHERS UPON WHICH
IT IS OPERABLE - CDC6600, IBM360

DESCRIPTION OF PROBLEM OR FUNCTION - THIS PACKAGE OF EIGHT
PROGRAMS IS DcSIGNED FOR PROCESSING ENDF/B 11 (EVALUATED NUCL FAR
DATA FILE VERSION B FORMAT I1) TAPES.

CRECT, WHICH PROCESSES VERSION III1 ENDF/R DATA AS WELL AS EAR-
LIER VERSIONS, PROVIDES A MEANS OF CCRRECTING ASSEMBLED DATA ON A
TAPE BY INSERTION AND DELETION OF DATA,.

CHECKER CHECKS THAT THE ENDF/B BCC CARD IMAGE FORMAT TAPES ARE
IN PROPER FORMAT AND ALL FIELDS ARE WITHIN SPECIFIED LIMITS,
RATHER THAN THE PHYSICS OF THE DATA LIBRARY. ANGULAR DISTRIRU-
TIONS RECONSTRUCTED FROM LEGENDRE CCEFFICIENTS ARE CHECKED TO
ENSURE THEY ARE EVERYWHERE POSITIVE.

RIGEL WILL PERFORM ANY OR ALL OF THE FOLLOWING OPERATIONS -
SELECTIVELY RETRIEVE ENDF/B DATA ON FROM 1 TO 9 ENDF/B TAPES,
MERGE RETRIEVED ENDF/B DATA ONTO FROM 1 TO 8 ENDF/B RESULT TAPES,
CHANGE TAPE ARRANGEMENT (FROM STANDARD TO ALTERNATE OR VICE
VERSA) AND CHANGE TAPE MODE.

LISTFCy WHICH PROCESSES VERSION III ENDF/B DATA AS WELL AS EAR-
LIER VERSIONS, PRODUCES INTERPRETED LISTINGS OF INFORMATION FROM
BCD STANDARD ARRANGEMENT ENDF/B TAPES.

DICTION CONSTRUCTS A NEW SECTION CICTIONARY (FILE 1, SECTION
451) FOR AN ENTIRE ENDF/B TAPE. [IF A SECTICN DICTIONARY IS
ALREADY PRESENT IT IS REPLACED.

PLOTFB PROCESSES ENDF/B LIBRARY TAPES WHICH CONTAIN DATA
EMBEDDED WITHIN A NECESSARY LIBRARY STRUCTURE IN ORDER TC PRODUCE
COMPREHENS IVE LIST INGS AND/OR PLOTS. THE LISTINGS AND/OR PLOTS
CONTAIN AN EXTENSIVE AMOUNT OF INFORMATION RELATED TC THE DATA,
SUCH AS TEMPERATURE DEPENDENCE, PHYSICAL UNITS OF THE DATA, INTER-
POLATION LAWS FOR THE DATA, CRYPTIC TITLES CEFINING THE REACTION
TYPE, ETC.

SLAVE3 PROVIDES MODULAR SUBROUTINES WHICH CAN BE ASSEMBLED TO
RETRIEVE AND PROCESS ENDF/B DATA FOR A SPECIFIC PROBLEM.

DAMMET SELECTIVELY MERGES DATA FRCM CNE CR TWO ENDF/E LIBRARY
TAPES ONTO A FINAL TAPE. THE MODE (BCD OR BINARY) AND ARRANGEMENT
(STANDARD OR ALTERNATE) MAY BE CHANGED DURING THIS PROCESS.

METHOD OF SOLUTION - CRECT ACCEPTS A BCD TAPE IN ENDF/B FORMAT AS
INPUT AND PRODUCES A CORRECTED ENDF/B TAPE AS OUTPUT. CCRRECTIONS

gONSIST OF INSERTIONS, DELETIONS AND CHANGES SPECIFIED CON INPUT
ARDS.

CHECKER = MOST DATA ARE SUBMITTED TO RANGE LIMIT CHECKS.
TABULATED DATA ARE CHECKED FOR SMOOTHNESS IN ORDER TO DETECT
POSSIBLE MISPUNCHED VALUES. LEGENDRE COEFFICIENTS ARE CONVERTED
TO MOMENTS AND MOMENTS ARE CHECKED TO DETERMINE IF THEY ARE
PHYSICALLY POSSIBLE. THE LEGENDRE EXPANSION IS CHECKED FOR
POSITIVITY IN THE .INTERVAL -1 .LE. COS THETA .LE. l.

IN PLOTFB THE SPECIFIED STRUCTURE OF THE LIBRARY ALLOWS DATA TO
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4.

METHOD OF SOLUTION (CONTINUED)
BE SUBCLASSIFIED UNDER NUCLIDES, CLASSES OF DATA, AND REACTION
TYPES. THE WELL-DEFINED STRUCTURE PERMITS THE ASSOCIATED INFORMA-
TION TO BE ACCESSED BY CONVERTING MATERIAL NUMBERS TO HOLLERITH
TITLES, ETC. PLOTS ARE GENERATED UTILIZING A PLOTTING PACKAGE
WHICH INCLUDES SCALING, GRID, AND NCORMALIZATION ROUTINES. PLOTS
CAN BE GENERATED IN EITHER LINEAR-LOG AXIS OR A MIXTURE OF BOTH.
WHEN MERGING TWO TAPES ANC CONVERTING TO A DATA FORMAT OTHER
THAN THAT OF EITHER INPUT TAPE, DAMMET PERFCRMS A TWO-PASS CPERA-
TION. THE FIRST PASS CONSISTS OF SELECTING ONLY THE DATA REQUIRED
AND CONVERTING IT TO THE FCRMAT CF THE FINAL TAPE, WITH STORAGE OF
THE DATA ON AN INTERMEDIATE TAPE. UPON COMPLETION OF THE FIRST
PASS ON BOTH TAPES, RESULTING IN TWC INTERMEDIATE TAPES, THE
SECOND PASS MERGES BOTH INTERMEDIATE TAPES TC THE FINAL DATA TAPE.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM -

IN CRECT CORRECT SEQUENCE AND MATERIAL FIELDS OF THE DATA TAPE
ARE ASSUMED. IN BOTH CHECKER AND CRECT DATA MUST BE IN ENDF/B BCD
STANDARD ARRANGEMENT CARD IMAGE FORNMAT.

IN CHECKER CORRECT STRUCTURE OF THE DATA TAPE IS ASSUMED AND
MINOR ANOMALIES ARE NOTEC. COMMON AND MAJOR IRREGULARITIES CAUSE
TERMINATION OF EXECUTION ACCOMPANIEC BY A CCRE DUMP.

DICTION CAN HANDLE ONLY ENDF/B BCD STANDARD ARRANGEMENT TAPES
WITH 1000 OR FEWER SECTIONS.

IN PLOTFB DATA MUST BE IN EITHER THE ENDF/B BCD OR BINARY
STANDARD ARRANGEMENT CARC IMAGE FORMAT. PLCTFB CAN EXTRACT DATA
ONLY TO THE MATERIAL AND FILE LEVEL OF DATA WITHIN THE ENDF
LIBRARY.

IN DAMMET A SPECIFIC REACTION CANNCT BE EXTRACTED FROM A
TAPE UNLESS IT IS WITHIN A FILE OR MATERIAL SELECTED.

TYPICAL RUNNING TIME -
CDC 6600 -
.007 SECONDS OF CP TIME IS REQUIRED TO PROCESS ONE RECORD
OF BCD INFORMATION IN CHECKER. TYPICAL CP TC PP TIME RATIO FOR
THE SHORT FORM OUTPUT IS 1 TO 4, FOR LONG FORM OUTPUT, 1 TO 6.
IN CRECT 2 SECONDS OF CP TIME ARE REQUIRED. TYPICAL CP TO PP
TIME RATIO IS 1 TO 5.
IN DAMMET 3 TO 7 MINUTES OF CP TIME ARE REQUIRED TO PROCESS 13
NUCLIDES. TYPICAL CP TO PP TIME RATIC IS APPROXIMATELY 3 TO 1.
IN PLOTFB 4 MINUTES OF CP TIME AND 10 MINUTES OF PP TIME ARE
gESgé?ED TO LIST AND PLOT 35 MATERIALS (APPROXIMATELY 3500 DATA
IN SLAVE3 RUNNING TIME IS DEPENDENT ON THE SELECTION OF SUB-
ROUTINES AND PROCESSING REQUIREMENTS. TYPICAL CP TO PP TIME
RATIO IS 1 TO 3, AND AN AVERAGE RUN IS 4 MINUTES.
IBM360 -
CHECKER REQUIRES ABOUT 1 MINUTE FCR EACH 6000 CARD IMAGES ON
THE INPUT TAPE.
CRECT REQUIRES ABNDUT 1 MINUTE FOR EACH 5000 CARD IMAGES ON THF
INPUT TAPE.
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UNUSUAL FEATURES OF THE PROGRAM - IN CHECKER THERE ARE TWO QUTPUT
OPTIONS - (A) LONG FORM, WHICH LISTS EACH CARD IMAGE AS WELL AS
THE ANOMALIES ENCOUNTERED, AND (B) SHORT FORM, WHICH LISTS CNLY
THE ANOMALIES ENCOUNTERED BY THE PRCGRAM (MINIMUM QUTPUT OPTION).

RELATED AND AUXILIARY PROGRAMS - ALL EIGHT PROGRAMS PERFCRM AN
INDEPENDENT OPERATION ON ENDF/B DATA. CRECT MAY BE USED TO COR-
RECT ERRORS DETECTED BY CHECKER.

STATUS - ABSTRACT FIRST CISTRIBUTEC JANUARY 1972.
CDC6600 VERSIONS OF ALL 8 CODES SUBMITTED DECEMBER 1970,
CRECT REPLACED BY LATER VERSION AUGUST 1972, LISTFC
REPLACED BY LATER VERSICN DECEMBRER 1972.
IBM360 VERSIONS OF CHECKER AND CRECT SUBMITTED MARCH
1971, SAMPLE PROBLEM EXECUTED BY ACC MAY 1971.

REFERENCES - NATIONAL NEUTRON CROSS SECTION CENTER, DESCRIPTION 0OF
THE ENDF/B PROCESS ING CODES AND RETRIEVAL SUBROUTINES, BNL-50300
(ENDF-110), SEPTEMBER 1967, REVISED APRIL 1969, REVISED SEPTEMBER
1970, REVISED JUNE 1971.

He C. HONECK, ENDF/B - SPECIFICATIONS FOR AN FVALU-
ATED NUCLEAR DATA FILE FOR REACTOR APPLICATICONS, BNL-50066, MAY
1966, REVISED JULY 1967.

M. K. DRAKE, DATA FORMAT AND PROCEDURES FOR THE
ENDF NEUTRON CROSS SECTION LIBRARY, BNL-50274, OCTOBER 1S70.

MACHINE REQUIREMENTS -
CDC 6600 -

FOR CHECKER 56,300 OCTAL (APPROXIMATELY 24,000 DECIMAL) WNRDS
OF CORE STORAGE AND ONE TAPE (OR DISC) UNIT

FOR CRECT 13,000 OCTAL WORDS OF CORE STORAGE AND TWO DATA STOR-
AGE UNITS.

FOR PLOTFB 73,700 OCTAL (ABOUT 3C,000 DECIMAL) WORDS OF CORE
STORAGE AND THREE TAPE (OR DISC) UNITS.

FOR SLAVE3 40,000 OCTAL (APPROXIMATELY 18,000 DECIMAL) WORPS
OF CORE STOURAGE AND ONE OR TWO TAPE (DR DISC) UNITS WILL BE
REQUIRED FOR A TYPICAL JOB.

FOR DAMMET 61,000 OCTAL (ABOUT 25,000 DECIMAL) WORDS OF CORE
STORAGE AND A MAXIMUM OF FIVE TAPE (OR DISC) UNITS.
IBM 360 -

CHECKER REQUIRES 300K BYTES FOR EXECUTICA.

CRECT REQUIRES 150K BYTES FOR EXECUTION.

PROGRAMMING LANGUAGE USED - FORTRAN IV

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE (CDC6600)y 0S/360 (1BM360).

ANY OTHER PROGRAMMING OR CPERATING TNFORMATICN CR RESTRICTIONS -
NAME AND ESTABLISHMENT OF AUTHORS -

6600 ODELLI OZER
NATIONAL NEUTRON CRCSS SECTION CENTER
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15.

16.

17.

NAME AND ESTABLISHMENT OF AUTHOR(S) (CONTINUED)
BROOKHAVEN NATIONAL LABORATORY
UPTON, LONG ISLAND, NEW YORK 11973

360 E« M. PENNINGTON
APPLIED PHYSICS DIVISICN
ARGONNE NATIONAL LABORATORY
ARGONNE, ILLINOIS 60439

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL

SOURCE DECKS (CRECT 6600-259 CARDS, 360-274 CARDS, CHECKER
6600-3192 CARDS, 360-3199 CARDS, RIGEL 6600-2060,
LISTFC 6600-3172 CARDS, DICTION 6600-200 CARDS,
PLOTFB 6600-4015 CARDS, SLAVE3 6600-2240 CARDS,
DAMMET 6600-1557 CARDS)

SAMPLE PROBLEM (CHECKER 360-8 CARCS)

REFERENCE REPORT, BNL-50300

CATEGORY - M
KEYWORDS - DATA PROCESSING, CROSS SECTICNS, GRAPHS, INPUT DATA,
LIBRARIES, MAINTENANCE, RETRIEVAL
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NAME DR DESIGNATION OF PROGRAM - STEAM-67

COMPUTER FOR wWwHICH PROGRAM IS DESIGNEC AND CTHEFS UPCN WHICH
IT IS OPERABLE - [BM360

DESCRIPTION OF PROBLEM OR FUNCTION - STEAM-67 IS A SET OF RNUTINES
FCR CALCULATING THE PROPERTIFES NF STEAM AND WATER ACCORDING TN THE
ASME STcAM TABLES, 1967, WHICH HAVE PEEN MOCIFIED IN ACCORDANCE
WITH THE ASME PAPER (REFERENCE 3). MODIFICATIONS WEFF MANE TC
IMPRCVE PROGRAM RUNNING TIME AS WELL AS TO CCRRECT SOME EXISTING
PROGRAM ERRORS. CORRECTIONS WERE ALSCO MADE TN RCUTINES FNR THE
LIQUID REGION TO IMPROVE ACCURACY ON THE IBM260 COMPUTER,

METHOU OF SOLUTIUN = FOR THE USUAL CASE, WHFFE PRESSUFE AND/CR
TEMPERATURE ARE KNOWN, THE VISCOSITY, SPECIFIC VOLUMF, ENTHALPY
OR ENTROPY MAY BE CALCULATEC IN EITHER THE LIQUIC OR VAPOR
REGIONS. IN THE VAPOR REGION, QUALITY MAY PE CALCULATED AS A
FUNCTION OF PRESSURF AND ENTROPY OR ENTHALPY.

RESTRICTIONS ON THF COMPLEXITY OF THE PROBLEM -
TYPICAL RUNNING TIME -

UNUSUAL FEATURES OF THE PROGRAM -

RELATED AND AUXILIARY PROGRAMS -

STATUS - ABSTKACT FIRST CISTRIBUTEC JANUARY 1972.
IBM360 VERSION SURMITTED JUNE 1970, PEVISED SEPTEMRER
1973. .

REFERENCES - R. J. SPITZNAS, STEAM-67 TABLES, BALTIMCRE GAS AND
ELECTRIC NOTE, MAY 18, 1970.

Ce A. MEYFR, ET AL., THERMCDYNAMIC AND TRANSPORT
PRIPERTIES OF STEAM, COMPRISING TARLES AND CHARTS FCFP STEAM AND
WATER, NEW YORK, 1967.

Re B. MCCLINTOCK AND G. J. SILVESTRI, SOME IMPROVED
STEAM PROPERTY CALCULATION PROCEDURES, TRANSACTIONS OF THE ASMF,
VOL.92, PP.123-134, APRIL 1970.

Re. Be MCCLINTOCK AND G« Jo SILVESTRI, FORMULATIONS
AND ITERATIVE PROCEDURES FOR THE CALCULATION OF PROPFRTIES 0OF
STEAM, ASME PUBLICATION (H-17), 1968.

MACHINE REQUIREMENTS -
PROGRAMMING LANGUAGE USED - FORTRAN IVI(G)

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
0S/360.

ANY CTHER PROGRAMMING OR OPERAT ING INFORMATION OR RESTRICTIONS -
DUE TO PRECISION REQUIREMENTS, ALL SUBPROGRAMS ARE WPRITTEN IN
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l4.

15.

l16.

17.

ANY CTHER INFORMATION OR RESTRICTIONS (CONTINUED)
DOUBLE-PRECISION. HOWEVER, ARGUMENTS ARE TRANSMITTED TO AND FROM
CALLING PROGRAMS IN STANDARD PRECISION. BECAUSE OF THIS INTERFACE
BETWEEN STANDARD AND DOUBLE-PRECISICAN, THE USER IS CAUTIONED TN
ADHERE STRICTLY TO THE LISTED CALLS AND PARAMETERS AND NOT TN

USE ANY OTHER AVAILABLE ENTRY POINTS. AN ERROR-HANDL ING ROUTINE
IS INCLUDED AS PART OF THE PACKAGE. IT WILL POCUMENT NON-
CCNVERGENCE OR ARGUMENTS OUT OF ACCEPTABLE RANGE, LISTING THE
CALLING ROUTINE AND ITS ARGUMENTS.

NAME AND ESTABLISHMENT OF AUTHOR -
RAYMOND J. SPITZNAS
BALTIMORE GAS AND ELECTRIC CCMPANY
GAS AND ELECTRIC BUILDING
BALTIMORE, MARYLANC 21203

MATERTAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECK (2408 CARDS)
REFERENCE NOTE, TABLES AND CHARTS, AND ASME TRANSACTICNS PRE-
PRINT

CATEGORY - H
KEYWCRDS - THERMODYNAMICS, WATER, PRESSURE, TEMPERATURE, LIQUIDS,
VAPIR S
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NAME OR DESIGNATICN OF PROGRAM - CCNCEPT2

COMPUTER FCR WHICH PROGRAM IS DESIGNED AND OTHERS LPON WHICH
IT IS DOPERABLE - IBM360

DESCRIPTION CF PRCBLEM OR FUNCTION - CONCEPT2 GENERATES A CAPITAL
COST ESTIMATE FOR A SELECTICN OF PWR, EwR, COAL, ANC OIL STEAM=-
ELECTRIC POWER PLANTS WITK RUN-OF-RIVER, MECHANICAL DRAFT, OR
NATURAL DRAFT COCLING SYSTEMS OF SPECIFIEC ELECTRICAL OUTPUT (IN
THE RANGE CF 500 TO 2000 MW(E)) FOR ANY OF TWENTY U. S. CITIES, A
HYPOTHETICAL MIDDLETCWN, AND TWO CANADIAN CITIES, AND PRINTS AS A
RESULT A DETAILED COST BREAKCCHWN.

METHOD CF SOLUTION - CCNCEPTZ IS SUPPORTED BY TwWC AUXILIARY-GENER-
ATED LIBRARIES - (1) CCONTAC WHICH GENERATES A COST MCDEL TAPE
WHERE THE MODEL IS EXTRAPOLATED BY CONCEPT TO CTHER SIZES BY
INTERNAL SCALING EQUATIONS, AND (2) CONLAM WHICH GENERATES A TAPE
CONTAINING HISTCRICAL DATA FCR LABCR AND MATERIALS THAT ARE USED
FOR ADJUSTING COSTS AT A BASE LOCATICN AND TIME TO A SPECIFIED
LOCATION AND TIME.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - POWER LEVELS OF
500 TO 2000 MW(E) ARE ACCEPTABLE. TFHE AUXILIARY PROGRAM CONLAM IS
LIMITED TO 30 TIME PERIODS OF CCST HISTORY FNR 23 LCCATICNS WITH-
OUT PROGRANM ALTERATICAS.

TYPICAL RUNNING TIME - A SINGLE CCST ESTIMATE IS GENERATED IN
LESS THAN CNE MINUTE CN THE MOCEL 65.

UNUSUAL FEATURES OF THE PROGRAM - CCNCEPT2 UTILIZES EXECUTICN-TIME
NAMELIST VARIATICONS CF STOREC CONSTANTS, PRINTER PLOTTING CASH-
FLOW CURVES, AND NUMEROUS OUTPUT AND SCLUTICN CPTIONS.

RELATED ANC AUXILIARY PRCGRAMS - CONCEPT2 REQUIRES THE USE CF
CONLAM TO GENERATE A USER FILE CF LABCR AND MATERIALS COST kIS~
TORY AND CCNTAC TO GENERATE A USER FILE CF CCST MCDELS TO SUPPCRT
CCNCEPT2.

STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1672.
IBM360 VERSICN OF CONCEPT SUBMITTED SEPTEMBER 1971,
REPLACED BY CONCEPT2 MARCF 1973.

REFERENCE - k. I. BOWERS, R, C. DELCZIER, L. C. REYNOLDS, AND

B. E. SRITE, CONCEPT - COMPUTERIZED CCNCEPTUAL CCST ESTIMATES FOR
STEAM-ELECTRIC POWER PLANTS - PHASE Il USFRS MANUAL, ORNL-4E0S,
APRIL 1573,

MACHINE RECUIREMENTS - 150K BYTES, ONE SCRATCH DISK Ck TAPE, TwWO
SUPPORT TAPES, AND THE STANDARC I/C UNITS

PROGRAMMING LANGUAGE USED - FORTRAN IV(G)
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13. CPERATING SYSTEM OR MUNITOR LNDER WHICH PRCGRAM 1S EXECUTED -
0S/360.

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTICNS -
THE MAIN PROGRAM USES THE IBM FORTRAN EXTENDED ERROR FEATURE
(ERRSET) TC PERMIT ZERGC DIVISION AND EXPCANENT CVERFLCW WHICH MAY
RECUIRE LOCAL ALTERATIONS.

15. NAME AND ESTABLISHMENT OF AUTKORS -
AUTHORS

Fe I. BCWERS
OAK RIDGE NATICNAL LABCRATCRY
Ba i Ca=BEX; Y
OAK RIDGE, TENNESSEE 37830
R. C. DELOZIERy L. De REYNOLDS, AND B. E. SRITE
CCMPUTING TECHNOLCGY CENTER
P. C. BCX P
OAK RIDGE, TENNESSEE 37830

OPERATICNS CONTACT
R. J. BARNARD
COMPUTING TECHNCLOGY CENTER
P. C. BCX P
OAK RIDGE, TENNESSEE 37830

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SCURCE LECKS (CONCEPT2 1545 CARDS, CONLAM 4S6 CARCS, CONTAC
644 CARCS)

SAMPLE PRCBLEMS (CONCEPT2 79 CARDS, CCNLAM 111 CARCS ANC 2899
CARDS, CCNTAC 12 FILES 737 CARDS EACH)

CONTROL INFORMATICN (CONCEPT2 13 CARCS, CONLAM 20 CARCS,

CCNTAC 65 CARDS)
REFERENCE REPCRT

17. CATEGORY - D
KEYWORDS - ECONOMICS, POWER PLANTS, PWR REACTORS, CONCEPT CODES,
CCNLAM CODES, CCNTAC CCDES
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13.

14.

15.

16.

17.

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE 3.3.

ANY CTHER PROGRAMMING OR OPERAT ING INFORMATION OR RESTRICTIONS -

NAME AND ESTABL ISHMENT OF AUTHORS -
ROBERT L. RITZMAN
BATTELLE MEMORIAL INSTITUTE
COLUMBUS LABORATORIES
505 KING AVENUE
COLUMBUS, CHIO 43201

MATERIAL AVAILABLE -
SOURCE DECK (293 CARDS)
SAMPLE PRUBLEM (58 CARDS)
REFERENCc REPORT

CATEGORY - G
KEYWORDS - FISSION PRODUCTS, FUEL ELEMENTS, ACCIDENTS
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NAME OR DESIGNATION OF PROGRAM - ENDRUN2

COMPUTER FCR WHICH PRCGRAM IS CESIGNEC ANC CTHERS UPCN WKICH
IT IS OPERABLE - GE63°%

DESCRIPTION CF PRCBLEM OR FUNCTION - ENDRUN2 IS USEC TO CALCULATE
MULTIGROUP CCNSTANTS FROM ENERGY-DEFENDENT, MICRCSCCPIC CROSS
SECTIONS, RESCNANCE PARAMETERS, AND INELASTIC LEVEL DATA INPUT

IN THE EVALUATED NUCLEAR DATA FILE (ENCF/B) FCRMATS. DATA IS
PRCCESSED FOR ONE MATERIAL AT A TIME AND THE CUTPUT MULTIGRCUP
FILE INCLUCES BCTH INFINITELY-DILUTE GRCUP CROSS SECTIONS AND
SELF-SHIELDING, BONDARENKO-TYPE F-FACTORS SO THAT THE RESULTING
GENERALIZEC FILE IS INCEPENDENT OF REACTCR COMPOSITION. THE
MULTIGROUP DATA MAY BE OUTPUT CN PUNCHEC CARCS, A STANCARC
LIBRARY TAPE, OR PLOTTED OVER ANY ENERGY RANGE.

METHCD CF SCLUTICN - RFSOLVEC RESCNANCE PARAMETERS ARE EVALUATED
ACCORDING TO THE DOPPLER BROACENED BREIT-WIGNER, SINGLE-LEVEL
LINE SHAPE EQUATIONS. RESONANCE CONTRIBUTIONS ARE AVERAGED OVER
EACH FINE GROUP WITH AN EXTRAPCLATEC RCMBERG INTEGRATICN SCFHEME.
UNRESOLVED RESONANCE CALCULATIONS EMPLOY AN AVERAGING CVER THE
CHI-SQUAREC STATISTICAL DISTRIBUTION OF RESONANCE PARAMETERS.
SHELF-SHIELDING IS ACCOMPLISHED BY WEIGHTING WITH A 1/(SICMA(T) +
SIGMA(D)) FLUX, WHERE SIGMA(C) IS AN INPUT VALUE REPRESENTING THE
TOTAL OTHER-MATERIAL CRCSS SECTICN. FRCVISICNS ARE MADE FOR THE
OVERLAP OF RESOLVED AND UNRESOLVED RESCNANCE SEQUENCES AND SMOCTFH
DATA. SEPARATE INELASTIC, ELASTIC, AND N,2N MATRICES ARE CALCU-
LATED.

RESTRICTICAS ON THE COMPLEXITY OF THE PROBLEM - ENDRLN MAY BE USED
ON ANY ENDF/B MATERIAL WITH FEWER THAN 9 ISOTOPES. A CASE MAY
INCLUDE UP TO 100 COARSE GROLPS AND 3C FINE GRCUPS PER COARSE
GROUP. FMAXIMUM TRANSFER MATRIX SIZE IS 70 X 50. UP TO 5 SIGMA(O)
VALUES AND 3 TEMPERATURES MAY BE FRCVIDED AS INPUT CATA FOR SELF-
SHIELDING.

TYPICAL RUNNING TIME - A SIMPLE 29-GROUP CASE FCR ANY MATERIAL
WITHCUT RESONANCE DATA IS PROCESSED IN ONLY A FEw SECONDS ON THE
GF€35. A SIMILAR CASE FOR U-238 WITF ALL SELF-SHIELCING OPTIONS
MAY RUN OVER AN HOUR.

UNUSUAL FEATURES CF THE PRCGRAM - ENCRUN IS DESIGNED TO ALLOW
MAXIMUM USER FLEXIBILITY IN CREATING A MULTIGRCUP FILE OR TESTING
DATA, E.G. SEVERAL ENDF/B REACTIONS MAY BE COMBINED IN A SINGLE
OUTPUT CROSS SECTION, ANY TYPE CF DATA OR SINGLE CRCSS SECTICN
MAY BE PROCESSED SEPARATELY, INPUT MAY COME FRCM CARCS, BCD OR
BINARY TAPE, OR COMPRESSED RINARY TAPE, ANC MATRICES MAY BE OUTPUT
SEPARATELY OR COMBINED.

RELATED ANC AUXILIARY PRCGRAMS - ENCRUN2 IS A DESCENCANT OF THE
ENDRUN1 CODE OF APRIL 1970 AND RETAINS MOST OF THE MAJOR SUB-
ROUT INES FROM THE EARLIER CODE. IT USES SEVERAL OF THE ENDF/B
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RELATED AND AUXILIARY PROGRAMS (CCNTINUED)

RETRIEVAL SUBROUTINES IN PROCESSING THE ENDF/B DATA FILE AND ALSC
THE QUICKW TABLE LCCK-UP RCUTINE FROM MC*#*2 (ACC ABSTRACT 355). A
GENERAL IZED DATA FILE TAPE (GMUG) MAY BE CREATED FCOR DIRECT USE BY
THE TDOWN CCCE (ACC ABSTRACT 505).

STATUS - ABSTRACT FIRST DISTRIBUTED OCTOBER 1S572.
GE635 VERSION SUBMITTEC OCTOBER 1971.

REFERENCES - B. A. HUTCHINS, C. L. COWAN, M., D. KELLEY, J. E.
TURNER, ENCRUN-I11, A CCMPUTER COCE TO CENERATE A GENERALIZED
MULTIGROUP DATA FILE FROM ENCF/B, GEAP-13704 (ENCF-145), MARCFK
1971.

T« 1. BCADARENKC, GROUP CCNSTANTS FOR NUCLEAR
REACTOR CALCULATICNSy CONSULTANTS BUREAU, NEW YORK, 1964.

He C. HONECK, ENDF/B SPECIFICATIONS FOR AN EVAL-
UATED NUCLEAR DATA FILE FCR REACTCOR APPLICATICNS, BNL-50066,
MAY 1966, REVISED JULY 1S67.

DRAW, GESV NCTE, JANUARY 15, 1G6E.

REREAD, CCNVRT SUBROUTINE CESCRIPTICN, CESV NCTE,
SFPTEMBER 11, 1967.

MACHINE REQUIREMENTS - THE CCCE REQUIRES 52K MEMORY, INCLUCING

A 10K DVERLAP WITH LOADING ROUTINES. LP TC 5 TAPES AND 7 AUXIL-
TARY UNITS (DISCS IN THE AUTHORS ENVIRONMENT) MAY BE REQUIRED, BUT
THE NUMBER OF TAPES MAY BE RECUCED BY USE CF PERMANENT CISC FILES
WITH THE CARC READER AS THE INPUT UNIT.

PROGRAMMINC LANGUAGES USED - FCRTRAN [V EXCEPT FOR USE CF RWSBT
AND NPOST IN THE GE COMPRESSED BINARY INPUT AND OUTPLT ROUTINES.
FORTRAN VERSIONS OF THESE ROUTINES ARE AVAILAEBLE, ALSO.

OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
GECOS II1.

ANY CTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTIONS -
PRIMARY CHANGES TC CCNVERT THIS PRCGRAM TC ANCTHER MACHINE WOULD
BE IN THE INPUT AND QUTPUT ROUTINES, AUXILIARY UNIT ASSIGNMENTS,
ANC THE PLCTTING RCUTINES WHICH ARE PARTICULARLY MACHINE
DEPENDENT.

NAME AND ESTABLISHMENT COF AUTKORS -
B. A. HLTCHIAS, C. L. CCwAN, M. C. KELLEY,
AND J. E. TURNER
GENERAL ELECTRIC COMPANY
NUCLEAR ENERGY DIVISION
31 CEGUIGNE DRIVE
SUNNYVALE, CALIFCRNIA 94086

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (ENDRUN2 12,142 CARCS, QUICKW 276 CARDS, AUXILIARY
ROUTINES 503 CARDS)
SAMPLE FRCBLEM (ENCRUN2 215 CARCS)
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16.

17.

MATERIAL AVAILABLE (CONTINUED)
CCNTRCL CARCS (ENDRUNZ 412 CARDSy QUICKW 26 CARDS)
SAMPLE FRCBLEM CUTPUT (38 PAGES)
REFERENCE REPORT, GEAP-12704, AND NOTES

CATEGORY - B

KEYWORDS - MULTIGROUP CROSS SECTIONS, BREIT-WIGNER FORMULA,
DOPPLER BROADENING, ELASTIC SCATTERING, INELASTIC
SCATTERING, ELASTIC REMOVAL, FISSICN, CAPTURE, TDCWN
CCDES, ENDF/B, LMFER REACTORS
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NAME OR DESIGNATION OF PROGRAM - EDITOR

COMPUTER FOR WHICH PRCGRAVM IS CESIGNEC ANC CTHERS UPCN WHICH
IT 1S OPERABLE - IBM3¢é0, CDCE€CC

DESCRIPTION OF PROBLEM OR FUNCTION - EDITCR PRCCUCES REACABLE
LISTINGS OF THE CONTENTS OF ENDF/B NUCLEAR DATA CROSS SECTION
TAPES. IT ALSC ALLCWS CCPYING, ALTERINC MCDE, MERCING AND
PUNCHING OF THE DATA ON ONE OR MCRE ENDF/B TAPES.

METHOD CF SCLUTICN - EDITCR PRCCESSES MATERIALS, FILES (IN TFE
ENDF/B SENSE) OR SECTIONS (REACTICN TYPES) ACCORCINC TC INPUT
INSTRUCTICNS .

RESTRICTICNS ON THE COMPLEXITY CF THE PRCBLEM - A FMAXIMUM CF

50 MATERIALS MAY BE FANDLED IN ONE BATCH, WHERE A BATCH IS A
GROUP OF ASSCCIATED INPUT INSTRUCTICAS. A MAXIMUM CF S FILES PER
MATERIAL AND 15 SECTIONS PER FILE MAY BE REQUESTED IN EACH BATCH.
FILES 1 TO 5, 7y 12 TC 15, ANC 23 WILL BE PROCESSED BY THE
PROGRAM. CTHER FILES wILL BE IGNCRED.

TYPICAL RUNNING TIME - THE SAMPLE PROBLEM COMPILES AND EXECUTES ON
THE 1BM360 IN LESS THAN 3 MINUTES.

UNUSUAL FEATURES CF THE FRCGRAM -
RELATED AND AUXILIARY PROGRAMS -

STATUS - ABSTRACT FIRST DISTRIBUTECL CCTCRER 1972.
IBM360 VERSION A SUBMITTED SEPTEMBER 1971, REPLACEC BY
VERSICN B FEBRUARY 1973.
CDC&400 VERSION SUBMITTED FEBRUARY 1S973.

REFERENCES - Co Lo THCMPSON, J. R. STOCKTCN, L. M. PETRIE,
R. Q. WRIGHT, S. K. PENNY, EDITCR, A PRCCESSING COCE FOR ENCF/B
FORMAT DATA, ORNL-TM-3266 (ENDF-142), FEBRUARY 1671.

MACHINE REQUIREMENTS - APPROXIMATELY 300Kk BYTES CF CCRE
PROGRAMMINC LANGUAGE USED - FORTRAN IV

OPERATING SYSTEM OR MONITOR LNDER WHICH PROGRAM IS EXECUTED -
CS/360 (IBM360), SCOPE (CCC6600).

ANY OTHER PROGRAMMING OR OPERATING INFORMATICA OR RESTRICTICAS -
EDITOR MAY BE USED TC APPENC MATERIALS TO AN EXISTING TAPE, IF THE
ORIGINAL TAPE IS NOT BLOCKED.

NAME AND ESTABLISKMENT OF AUTKHORS -
C. L. THOMPSON, J. R. STCCKTCA, L. ¥. PETRIE,
R. Q. WRIGHT, AND S. K. PENNY
CAK RIDGE NATICNAL LABCRATORY
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NAME ANC ESTABLISHFMENT OF AUTHOR(S) (CONTINUED)
F. 0. BCX X
CAK RIDGE, TENNESSEE 27830

MATERIAL AVAILABLE - NMAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (360-3044 CARDS, €600-3C57 CARCS)
SAMPLE PROBLEMS (360-4 CARCS, 660C-5 CARDS)
CONTROL INFORMATICN (JCL 360-12 CARCS)
LIBRARIES (360-43C CARDS, €£60C-430 CARDS)
SAMPLE FRCBLEM CUTPUT (360-26 SELECTEC PAGES, 6€00-27 SELECTED
PACFS)
REFERENCE REPCRT

CATEGORY - M
KEYWORDS - DATA PRCCESSING, CROSS SECTIONS, LIBRARIES, ENDF/B,
MATNTENANCE, RETRIEVAL
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11. MACHINE REQUIREMENTS - THE CODE REQUIRES 50K (DECIMAL) MEMORY ON
THE CDC7600, USES 1 SCRATCH TAPE, 1 LIBRARY TAPE, AND THE STANDARD
INPUT/0OUTPUT AND PUNCH UNITS.
12. PROGRAMMING LANGUAGE USEDC - FORTRAN IV
13, OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
CDC7600 SCOPE 1.7.
14. ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
THE PROGRAM CONSISTS OF 6 OVERLAYS.
15. NAME AND ESTABL ISHMENT OF AUTHORS -
C. L. BEARD AND R. A. DANNELS
WESTINGHOUSE ELECTRIC CORPCRATION
NUCLEAR ENERGY SYSTEMS
BOX 355
PITTSBURGH, PENNSYLVANIA 15230
16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECK (5714 CARDS)
SAMPLE PROBLEM (5 CARDS)
REFERENCE REPORT, WCAP-7363
17. CATEGORY - L

KEYWORDS -~ ENDF /By CROSS SECTIONS, LIBRARIES, KATE CODES, THERMOS
CODESy TEMPEST CODES, LASER CODES, ETOM1 CODES
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NAME OR CESIGNATION CF PRUGRAM - VIM1/VIMLX

COMPUTFF FOR WHICH PPCGRAM 1S CESICNEDC ANC OTHERS UPCN WHICH
IT IS NPERABLE - CCC7€00, IRM360

DESCRIPTION OF PROBRLEM OR FUNCTICN - VIM1 IS A MCNTE CARLO CODE
DESIGNFL FCR THE ANALYSIS CF FAST CRITICAL EXPERIMENTS. [IT HAS
BFFN FXPRFSSLY PREPARED FOR THE ANALYSIS CF FAST CRITICAL
ASSEMBLIES NF THE PLATE-CRAWFR TYPE SUCH AS ZPPP, ZPR-3, ANC
IFRPA., THE LIBRARY USES PCINT CROSS SECTICN DATA, RATHER THAN
MULTIGROUP CENSTANTS,

METHCD OF SOLUTICN - THE MCNTE CARLO METHCD IS USED WITH NEUTRCNS
STARTER FRCM AN INITIAL SCURCE CISTRIBLTICN IN SPACE, ANCLE, AND
ENERCY WITH A STATISTICAL WEICHT OF UNITY. THEY ARE FOLLOWED FRCWM
CCLLISTICN 7O COLLEISICN UNTIL CAPTURE, ESCAPE FROM THE SYSTEM, OR
FISSINN CCCURS. THE SPATIAL CCCRDRINATF WHERE FISSICN CCCURS,
ALONG WITH THE NUMBER CF NFUTRONS PROCUCFO AT FACH PCINT, PRCVIDE
THE BASIS FOR DETERMINING THE SCURCE CISTRIBUTICN FCR THE NEXT
GENEKATICN. VIM!I REGARDS THIS SET (OF WEIGHTEC SCURCE POINTS AS

A DISTRIBUTICN FUNCTICN FRCM WHICFH THE SCURCE NEUTPON STARTING
POINTS ARE SELECTED EACH WITH INITIAL STATISTICAL WEIGHT CF
UNITY. THE INFLASTIC SCATTERING MODEL INCLUDES BOTH THE EVAP-
OFATION MOCEL AND A DISCRETE EXCITATICN LEVEL APPRCACH. ABSORP-
TION WEIGHTING OF VARTABLE AMCLNT IS CPTICNALLY PERMITTEC.

KESTKICTICNS CN THeE CCMPLEXITY CF THE PRCBLEM - VIM1 IS RESTRICTED
T CRITICAL ASSEMBLIES OF THE PLATFE DRAWEF TYPE, AND THE ENERGY
PANGE MUST BE BETWEEN 10 MEV ANC 10 EV.
76CC MAXTMA -
13 MATERIALS
36 RUWS IN THE CRITICAL ASSEMBLY MATRIX
36 COLUMNS IN THE CRITICAL ASSEMBLY MATFIX
360 MaAXIMA -
250,CCC HISTCRIES FFR PRORLEM
1,C00 HISTCRIES PER BATCH
6 CRAWER TYPES
50 ROWS IN THE MATPIX
51 COLUMNS
13 ISCTCPES IN PRCELEM
150 ZONES
27 GRPOUPS FCR EDITS
30 ENERGY PANCS FOR STRATIFIEC SAMPLING OF SOURCE NEU-
TRCN ENFREGIES
9 CENTRAL FISSICN RATIOS CCMPUTED

TYPICAL RUNNING TIME - APPRCXIMATELY 1 SECONC PER 1200 CCLLISICNS
IS REQUIRED OGN THF CCC76CC. THF IBM36C/75 EXECLTES THE SAMPLE
PRCBLEM IN 2 MINUTES.

UNUSUAL FEATURES OF THE PROGRAM -
USE CF CROSS SECTICN PROBABILITY TABLES IN THE UNRESCLVED
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7. UNUSUAL FEATURES CF THE PRCGRAM (CONTINUED)
RESCNANCE RANGE,
USE OF POINT CROSS SECTICN DATA IN LIEU CF MLLTICRCUP
CCASTANTS, AND
USE OF CUMULATIVE CISTRIBLTICN FUNCTICNS CF THE CENTEF=-CF=MASS
SCATTERING ANGLF TO DESCRIBE ANGULAR DISTRIBLTICAS INSTEAC
OF LEGENDRE CCEFFICIENTS.

8, PRELATED AND AUXILIARY PROGRAMS - A CROSS SECTICN LIBRARY TAPE
GFNERATCR IS INCLUCED IN THE PRCGRAM FACKACE.

9, STATUS - ABSTRACT FIRST DISTRIBUTED CCTOBFR 1972.
CCC7600 VERSICN SUBMITTEC NCVEMRFR 1671.
IBM360 VERSICN SUBMITTED JANUARY 1972, REVISEC FEBRUARY
1973, SAMPLFE PRCOBLEM EXECUTED BY ACC.

10, KEFERENCES - L. B. LEVITT, R. Co LEWIS, VINML, B NCN=MULTICRCUP
MCNTE CARLO COCE FDR ANALYSIS OF FAST CRITICAL ASSEMBLIES,
Al-AFC-12651, MAY 15, 1970.

INPUT DESCRIPTICN FCR VIM1 - 76CC, ATCMICS
INTERNATICNAL MEMCRANCUM, NCVEMBER 1671.

Fe Lo FILLMCRF, USFRS MANUAL FCF TFE VIM=IX MCNTE
CARLC CODE,y ANL ZPR-TM-121, SEPTEMBER 2C, 1572.

VIVl 360 VERSION TAPF CONTENTS DESCRIPTION, ACC PRO-
GRAMMING NOTE 73-16, MARCH 1673,

PARAMETER CARD FOR LIBREAD, ACC FRCGRAMMING NOTE
713-20, APRIL 5, 1973.

11. PFACHINE REQUIREMENTS - &5K (DECIMAL) FAST CENTRAL MEMCPRY, BOK ECS,
ANC 1 MAGNETIC TAPE UNIT ARE REQUIRED CN WHE CCC76CC. 650K
BYTES AND Z TAPE UNITS ARE PEQUIRED CN THE IBM3&C.

12, PFOGRAMMING LANGUAGES USED - FORTRAN IV (7600) ANC FORTPAN IV AND
3AL (360)

13, OPERATING SYSTEM CR MCNITOR UNCER WHICK PRCGRAM IS EXECUTEC -
SCOPE 1. (7400) AND 0S/36C (2€C).

14 ANY CTHER FRCGRAMMINC CR OPERATING INFCRMATICN OR RESTRICTIONS -
VIM PRESENTLY USES A CROSS SECTINN LIRRARY BASED CN ENCF/E Il CATA
INCLUDING COCING TO USE PRUBABILITY TABLES IN THE LNRESOLVED
RESONANCE FEGION. AN ENDF/B III LIBRARY FCR USE WITH VIM HAS BEEN
PREPARED AND VIM IS BEING UPDATED TO ACCCMMODATE IT.

THE 360 ROUTINE TLEFT IS PART OF THE ANL 260 ENVIROUNMENT.
IT RETURNS TO A CALLING PROGRAM THF CIFFEFENCE, IN FUNCRECTES CF A
SECCND, BETWEEN THE TIME ESTIMATE NN THE JOB CARD AND THE TOTAL
ELAPSED CPL + VCLUNTARY WAIT TIME. THE FUNCTION IS CALLEC WITF
ONE DUMMY ARGUMENT. THE VALUE RETURNEDR IS IN SINGLE PRECISIUN,
FLCATING-PCINT BINARY. THE VALUE OF THE CUMMY ARGLMENT REMAINS
UNCHANGFD.

15. NAME AND ESTABLISHFMENT OF AUTKORS -
L. Bo LEVITT ANC R. C. LEWIS
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15. NAME AND ESTABLISHMENT OF AUTHOR(S) (CONTINUED)
ATOMICS INTERNATICNAL
P. O. BOX 2CS
CANCGA PARK, CALIFORNIA 91204

16« MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECKS (VIM1 7600-2025 CARCS, VIM1X 2£€0-3111 CARDS,
LIBREAD 360-276 CARCS)

LOAD MCCULE VIM.MOCLIB (360-188 BLOCKS)

SAMPLE FRCBLEMS (7600-385 CARCS, 360-272 CARCS)

L IBRARIES (14 FILES)

CCNTRCL INFORMATION (JCL 3€0-22 CARDS)

SAMPLE PRCBLEM CUTPUT (76CC-24 PACES)

REFERENCE REPORTS, INPUT DESCRIPTION MEMORANDLM, AND ACC PRO-
GRAMMING ANCTES

17. CATEGORY = C
KEYWORNS - MCNTE CARLC METHOC, FAST REACTCRS, CRITICALITY, ZPR-23
REACTORS, ZPPR REACTCRS, ZEBRA REACTCRS
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11. MACHINE REQUIREMENTS - THE RESIDENT PORTION OF THE SYSTEM ITSELF
REQUIRES ABOUT 15K BYTES. TO TEST THE SYSTEM REQUIRES ABOUT 220K
BYTES PLUS ONE PERIPHERAL I/0 DEVICE.

12. PROGRAMMING LANGUAGES USED - FORTRAN IV, ASSEMBLER LANGUAGE, AND
MACRO DEFINITIONS

13, OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
0S/360 RELEASE 19.

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTIONS -
THE ASSEMBLER LANGUAGE ROUT INE IHCFIOSH (MACRO IHCFIOSM) IS A
SLIGHTLY MODIFIED VERSION OF THE IBM ROUTINE FOR RELEASE 19 DF
0S/360. SYSTEMS OPERATING UNDER EARLIER RELEASES SHOULD SIMILARLY
MODIFY THIS ROUTINE AND RE-LINKEDIT THE MODULE ARCIBCOM.

15. NAME AND ESTABL ISHMENT OF AUTHORS -

Le Co JUST, Heo HENRYSON II, A. S. KENNEDY,
Se D. SPARCK, Be. J. TOPPELy AND P. M. WALKER
CCNTACT Be Jo TOPPEL
APPLIED PHYSICS DIVISION
ARGONNE NATIONAL LABORATORY
9700 SOUTH CASS AVENUE
ARGONNE, ILLINOIS 60439
16, MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (PDS ARC.SOURCE)
OBJECT MODULES (PDS ARC.SEGLIB)
LINKAGE EDITOR CONTROL STATEMENTS (PDS ARC.OVERLAY)
LOAD MODULES (PDS ARC.MODLIB)
MACRO DEFINITIONS (PDS ARC.MACLIB)
CONTROL INFORMATION (JCL-IEHMOVE DECK-16 CARDS)
SAMPLE PROBLEM (153 CARDS)
SAMPLE PROBLEM OUTPUT (IEHMOVE-3 PAGES, EXECUTION-8 PAGES)
REFERENCE REPORTS AND ACC NOTE
17. CATEGORY - M

KEYWORDS - MODULAR SYSTEM, DATA PROCESSING, ARC CODES
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NAME OR DESIGNATICN CF PRCGRAM - ESP

COMPUTER FOR WHICK PROCRAM IS DESIGNED AND CTHERS LPCN WHICH
IT IS CPERABLE - IBM360/75,91

DESCFIPTION OF PROBLEM OR FUNCTION - ESP IS A GENERAL-PURPOSE
MONTE CARLC REACTCR ANALYSIS CODE. IT COVERS THE COMPLETE ENERGY
RANGE OF INTEREST IN REACTOR CALCULATICNS ANC IS CESIGNEC FCR BOTE
EIGENVALUE ANC FIXED SOURCE REACTOR AND REACTCR CELL CALCULATICNS.
BASTIC PATA ARE ACCEPTEC ONLY IN THE VERSICN I, II, ANC III ENDF/B
FORMAT. IN ADDITION TO SMCOTH DATA, THE CRCSS SECTICN PREPARATION
INCLUDES A DETAILEC TREATMENT OF RESOLVEC AND UNRE SCLVED RESO-
NANCFS AND THE FREE GAS ANC S(ALPHA,BETA) THERMAL MOCELS. TKE
COLLISION AND SOURCE ROUTINES UTILIZE THE ENDF/B NCNELASTIC
SECONDARY CISTRIBUTICAS, THE ANISOTRCPIC SCATTERING CATA, ANC THE
FISSION SPECTRA. THE ENERGY PANGE MAY BE CIVICEC INTC AS MANY AS
25,000 INTERVALS, AND OVER EACH INTEPVAL THE APPROPRIATELY
AVERAGED CROSS SECTIONS ARE USEC AS CONSTANT PCINT-ENERGY VALLUES.
A CENERAL THREE-DIMENSIONAL GECMETRY DESCRIPTION IS AVAILABLE, AS
WEFLL AS SEVFRAL SPECIALIZED CECOMETRIES. USE OF FIXED-SOURCE
OPTIONS ALLCWS CALCULATICNS CN NCN-MULTIPLYING SYSTEMS. A STEADY-
STATE ANALYSIS OF NFUTRON KISTORIES IS PFRFORMED IN CCMPUTEF CORE
FOR SUCH QUANTITIES AS NEUTRCN FLUXES, REACTICN RATES, ANC CROSS ‘
SECTIONS, AVERAGED OVER AKBITRARY ENERGY AND SFATIAL REGICNS.

METHOD OF SCOLUTICN - ESP UTILIZES STANDARC MONTE CARLC TECHNIQUES
IN THE NEUTRCN TRACKING AND CCLLISICN FROCESSES. ANALYSIS CF FIS-
TORIES IS PERFORMED BY EITHER COLLISION DENSITY CR TRACK LENGTH
ESTIMATION. THE NUCLIDES ARE ASSUMEL TO BE AT REST EXCEPT IN THE
THERMAL ENEKGY RANGE. NON-ABSORPTION WEIGHTING, SPLITTING, ANC
RUSSTAN ROULETTE ARF USED AS VARIANCE REDLCTICN METHCDS. IN CRDER
TO OBTAIN ESTIMATES OF THE STATISTICAL ERRQOR CF ESP CALCULATICNS,
THE NEUTRON HISTORIES ARE PROCESSED IN BATCHES. THE FISSION NEU-
TRCNS PRCCUCED IN A BATCF MAY BE USEC AS THE STARTING NEUTRONS FOR
THE NEXT BATCH. ANISCTROPIC SCATTFRING IS HANCLEC BY THE CCVEYOU
TECHNIQUE. THE RESONANCE CRCSS SECTIONS ARE CCMFILED USING THE
COPPLER BRCADENINC SINGLE-LEVEL BREIT-WIGNER MOCEL. A DETAILED
STATISTICAL TREATMENT IS APPLIED TC THIS MCDEL IN THE UNRESCLVED
RESCNANCE ENERGY REGICN.

QESTRICTICNS ON THE COMPLEXITY CF THE PRORBLEM - THE ENERGY RANGE
IS RESTRICTEC TC NEUTRCN ENERCIES FOR WHICH DATA IS AVAILABLE IN
THE ENDF/B FILES. EACH PHYSICAL BCUNDARY OF THE SYSTEM MUST BE
DESCRIBABLE BY A CENERAL SECOND-ORDER ALGEBRAIC EQUATICN. THERE
MAY RE AS MANY AS 25 NUCLIDES IN AS MANY AS 16 DIFFERENT MIXTURES
IN THE SYSTEM,

TYPICAL RUNNING TIME - RUNNING TIMES ARE FIGHLY PROBLEM DEPENDENT.

LFESS THAN 5 MINUTES ARE USED CN THF IBNM360/91 FOR CATA PREPARA- (
TICNy, TRACKING, ANC ANALYSIS NF 20,0CC HISTORIFS FCR GODIVA. A
HETEROGENEQUS MCCKUP CF ZPR2 ASSEMBLY 48 TAKES 3 KOURS.
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7. UNUSUAL FEATURES CF THE PROCRAM - ESP MAY BE RUN IN ONE PROBLEM
SETUP AND CCMPUTER PASS. NOC PERIPHERAL SURRCUTINE FREPARATICN COR
TAPE PRCCESSING IS NECFSSARY, ALTHOUGH SOME INFORMATION CONCERNING
A CALCULATION MAY BE RETAINEL ON TAPE FCF USE IN FUTURE CALCULA-
TIONS. PREALISTIC REACTOR SYSTEMS MAY PE CALCULATEC IN CCMPLETF
CECMETRIC CETAIL WITKH A VERSICON OF ESP WHICH LTILIZES A FICTITICUS
SCATTERING MCDFL AND AN ARRAY VERSICN COF CENFKALIZEC GFCMETRY.

B. FKELATED ANC AUXILIARY PRCGRAMS - ESP IS CNE CF SEVERAL COCES
KECENTLY NDEVELOPED AT CAK RIDCE NATICANAL LARORATCRY wWHICKH HAS THE
NS5R COCE AS ITS PRECFCESSCR.

G, STATUS - ABSTRACT FIRST DISTRIBUTEC CCTCRER 1S72.
IEM360 VERSICN SUBMITTEC FEBRUARY 1972, SAMPLE PRCBLEM
EXECUTED RY ACC.

10 PEFERFNCES - S. N. CRAMER, R, S. CARLSMITH, G. We. MORRISON,
Ge We PFRRY, AAND J. L. LUCIUS, ESP, A CENERAL MONTFE CARLO REACTOR
ANALYSIS CCDEy NRNL-TM-3164, JANUARY 1672.

De Co IRVINGy R. M. FREESTONE, JR.y, AND F. B. K. KAV,
0fRy A GENERAL-PURPNSF MONTF CARLC MNEUTRCN TRANSPOKT CCCEy CFNL-
%22, FFRBRUARY 1665,

Se No CRAMER, MONTE CARLC ANALYSIS OF THE EXACT GEO-
METEIC MOCKUP OF ZPR-111 ASSFMBLY 48, CRAL-TM-3506, CCTCBER 1971.

ESP TAPE CONTENTS DESCRIPTICN, ACC PRCGRAMMING NCTE
72-18, MARCH 1973,

11. MACKINF RFCUIPEMENTS - AT LFAST 350K BYTES CF COMPLTER COFE

12. PEOGRAMMING LANGUAGES LSED = FCRTRAN IV ﬂFC FAL

13, CPERATING SYSTFM CR MCNITCR UNDER WHICK PRCGRAM IS EXECUTED -
l4. ANY CTHFR PPOGRAMMING OR OPERATING INFCORMATICN CF RESTRICTICONS -

15. NAME AND ESTABLISHMENT OF AUTHCRS -
S. No CRAMER, R. S. CARLSMITH, G. we MCKRISCA,
Ge We PERRY, ANC J. L. LUCIUS
OAK RIUGE NATICNAL LABCRATORY
P. U. BOX X
CAK RIDCF, TENNESSEE 37830

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL

SNURCE CECK (PDS FSP.SORCELIR 1557 BLCCKS, ASSEMBLY LANCUAGE
ROUTINES 26¢ CARDS)

OBJECT CECKS (ESP 16 BLOCKS, GENL. GECM. 17 BLOCKS, RAFFLE
GEOM. 26 BLCCKS, SPH. CECM. 2 BLCCKS, CYL. GECM.
7 BLOCKS, ESPGLTS 2CS RLCCKS)

SAMPLE FRCBLEM (29 CARTS)

LIBRARY (RS RLOCKS)

CCNTRCL INFURMATION (JCL 102 CARDS)

REFERENCF REPCRT, CRNL-TM-3164, ANC ACC PROGRAMMING NOTE 73-18
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17. CATEGORY - C
KFYWNRUS = MONTE CARLN METHOD,
ENCF/By CROSS SECTION
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NAME OR DESIGNATIUN OF PROGRAM - BESFIT

COMPUTER FUR WHICH PROGRAM IS DESIGNEC AND CTHERS UPCN WHICH
IT IS OPERABLE - CDC6600

DESCRIPTION OF PRUBLEM OR FUNCTION - BESFIT CALCULATFS CIFFER~
ENT IAL ELASTIC SCATTERING CROSS SECTIONS USING A RESSEL FUNCTION
EXPANSION, BASED ON A DIFFRACTION MOCEL. CONSTANT TERMS MAY
EITHER BE SUPPLIED AS INPUT DATA DR CBTAINEC BY A LEAST SOUARES
FITTING UF THtE DATA.

METHOD OF SOLUTION - BESFIT USES THE CIFFRACTICN MCDEL TC SOLVE
THE PRUBLEM.

RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - A MAXTMUM NF
101 ANGULAR PUINTS CAN BE USED.

TYPICAL RUNNING TIME - EACH CASE RUNS IN APPEOXIMATELY 30 SECONDS.

UNUSUAL FEATURECS OF THE PROGRAM - FIRST ORDFR ESTIMATES OF THE
DIFFCRENTIAL eLASTIC SCATTERING CROSS SECTICN ARE OBTAINED BY
SPECIFYING ONLY THE INCIDENT NEUTRON ENERGY AND TARGFET MASS.

RELATED AND AUXILIARY PROGRAMS -

STATUS - ABSTRACT FIRST DISTRIBUTEC OCTOBER 1972.
COC6600 VERSICN SUBMITTED MARCH 1972.

REFERENCES - S. PEARLSTEIN, PROGRAM BESFIT, FEBRUARY 1972.
S. PEARLSTEIN, NEUTRON ANGULAR PISTRIBUTION ANALYSIS
USING CYLINDRICAL BESSEL FUNCTIONS, BNL-156530, FEBRUAFY 1972.

MACHINE RcQUIREMENTS -
PROGRAMMING LANGUAGE USELC - FORTRAN IV

OPERATING SYSTEA JR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
STANDARU MUNITUR.

ANY OTHER PRUGXAMMING 0F OPERATING INFORMATION OR RESTRICTIONS -

NAME AND ESTABLISHMENT NF AUTHORS -
S. PEARLSTEIN
NATIONAL NFUTRON CRCSS SECTION CENTER
BROOKHAVEN NATIONAL LARDRATORY
UPTONy LONG ISLAND, NEW YORK 11673

MATEPR AL AVAILABLE -
SOURCE DECK (657 CARDS)
SAMPLE PRUBLEM (34 CARDS)

REFERENCE REPORT AND PROGRAM DESCRIPTION
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14, ANY OTHER PROGRAMMING OR OPERATING INFCRMATICN OR RESTRICTINNS
SUBROUTINES PACK AND UNPACK CALL A ROUTINE WHICH FINDS THF
LOGICAL SUM OF TWO INTEGERS. THIS SUBROUTINF MUST BE USER-SUP-
PLIED.

15. NAME AND ESTABLISHMENT NF AUTHORS -
FACOM230-60 KEITCHIRC TSUCHIHASKI
JAPAN ATOMIC ENERGY RESEARCH INSTITUTE
TCKAI RESEARCH ESTABL ISHMENT
TOKAI -MURA, NAKA-GUN, [BARAKI-KEN
J APAN

IBM360 P« HENLINE
HIGH ENERGY PHYSICS DIVISION
ARGCNNE NATICNAL LABCRATORY
9700 S. CASS AVENUE
ARGONNE, ILLINOIS £04139

l6. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (FACOM-2645 CARDS, 360-267T7 CARDS)
SAMPLE PROBLEMS (FACCM-43 CARDS, 360-47 CARCS)
SAMPLE PROBLEM NUTPUT (33 SELFCTED PAGES)
REFERENCE REPORT AND MEMTIORANDA

17. CATEGORY - B
KEYWORDS - FUEL ELEMENTS, CFLL CALCULATIONS, PUISON, FLUX
UISTRIBUTION
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NAME OR DESICNATION OF PROGRAM - HERMES

COMPUTER FOR WHICH PRCGRAM IS CESIGNED AND CTHERS UPCN WKICK
IT IS OPERABLE - UNIVAC1108

DESCRIPTION OF PROBLEM OR FUNCTION - THE HERMES MOCEL CALCULATES
THE REGICNAL RADICNUCLIDE RELEASES ANC RADIATICN DOSE TO THE
POPULACE IN A GIVEN YEAR ARISING FRCM THE CPERATICON CF NUCLEAR
FACILITIES TO MEET ELECTRICAL GENERATION DEMANDS WITHIN A GIVEN
STUDY REGICN.

RESTRICTIONS ON THE CCMPLEXITY CF THE PROBLEM - THE FOLLOWING ARE
ALL APPROXIMATE CIMENSICN RESTRICTIONS -
12 TIME PERIODS (MCATHS)
50 RADIONUCLIDES
200 RADICNUCLIDE SOURCES (NUCLEAR SITES)
300 RECEPTCR LOCATIONS

TYPICAL RUANING TIME - THE HERMES MCCEL CONSISTS OF TEN SUBMODELS
DCESIGNED TO BE EXECUTED SEQUENTIALLY, BUT EACH OF THE SUEMODELS
MAY BE USEC INCIVIDUALLY TC STUDY A GIVEN ASPECT OF THE EVENTS
LEADING TO DOSE. RUNNING TIME OF EACK SUBMOCEL VARIES FROM
ABOUT 1 MINUTE TO 1 HOUR DEPENDING ON THE SUBMCDEL AND THE
CCMPLEXITY OF THE PROBLEM.

UNUSUAL FEATURES OF THE PROGRAM - THIS PROGRAM PROVIDES A REGIONAL
ANALYSIS OF RADIATION DOSE FROM THE NUCLEAR PCWER INDUSTRY,
PERMITTING EVALUATION COF THE RESULTANT EFFECTS OF OPERATING LARGE
NUMBERS OF NUCLEAR FACILITIES. OPTIONS IN CCMPONENT CODES OF THE
PRCGRAM PERMIT CONSIDERATION OF A VARIETY CF RADIATION WASTE
TREATMENT SYSTEMS. DOSE EVALUATICANS MAY BE OBTAINEC IN VARYING
DETAIL.

RELATED AND AUXILIARY PROGRANMS -

STATUS - ABSTRACT FIRST CISTRIBUTED CCTCBER 1972.
UNIVAC1108 VERSION SUBMITTED MARCH 1S72.

REFERENCES - Jo F. FLETCHER ANC W. L. DCTSON, HERMES - A
DIGITAL COMPUTER CODE FOR ESTIMATING REGIONAL RACIOLOGICAL EFFECTS
FROM THE NUCLEAR POWER INDUSTRY, HEDL-TME-71-168, DECEMBER 1971.
UNIVAC SYSTEM DESCRIPTICNS FOR NTRAN, ETIME, ETIMEF,
AND DOY.
HERMES CCNTROL CARDS, ACC PROGRAMMING NOTE T74-6,
SEPTEMBER 7, 1973.

MACHINE REQUIREMENTS - 65K MEMORY AND A MAGNETIC DRUM OR ALTERNA-
TIVE DEVICE FOR STORAGE OF LARGE AMCUNTS CF DATA.

PROGRAMMING LANGUAGES USED - FORTRAN IV AND SLEUTH
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13. OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED =
CSCXe

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS =
MCST OF THE SUBMODELS CF HERMES WOULD REQUIRE VERY LITTLE
CONVERSION EFFORT TO EXECUTE ON OTHER COMPUTERS, ALTHOUGH THOSE
SUBMODELS REQUIRING DRUM DEVICES FOR STORAGE OF DATA WOULD
REQUIRE MORE EFFORT. ASSEMBLY LANGUAGE RCUTINES ARE USEC FOR
TIMING INPUT-OUTPUT UNIT ASSIGNMENTS AND SIMILAR ACTIVITIES.
SEVERAL CALLS ARE MADE TO SUBROUTINE SETDAR. THIS SUBROUTINE
DYNAMICALLY ALLOCATES STORAGE FOR ARRAYS AND MUST BE SUPPLIED BY
THE USER. SAMPLE PROBLEM INPUT DECKS FOR RADREL, ARTRAN AND
WTRAN CONTAIN UNIVAC 1108 CONTROL STATEMENTS WHICH HAVE A MULTIPLE
7-8 PUNCH IN COLUMN 1. FOR DISTRIBUTICN CN COCE CENTER EQUIPMENT
IT WAS NECESSARY TO MCDIFY SUCH STATEMENTS; THE MULTIPLE 7-8 PUNCH
IN COLUMN 1 WAS REPLACED BY A MULTIPLE 12-1 PUNCK, A LETTER A.

15. NAME AND ESTABLISHMENT CF AUTHORS -
B. W. BENTLEY, W. E. BLACK, W. L. DOTSON,
Je Fo FLETCHERy, D. R. HAFFNER, L. D. JACOBSON,
D. E. PETERSON AND K. R. WISE
HANFCRD ENGINEERING CEVELCPMENT LABCRATCRY
WEST INGHOUSE HANFORD COMPANY
P. C. BOX 1970
RICHLAND, WASHINGTON 99352
J. K. SOLDATY
PACIFIC NORTHWEST LABCORATCRIES
BATTELLE
P. C. BOX 999
RICHLAND, WASHINGTON 99352

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (SITE 173 CARDS, MCPOSH 427 CARDS, RACREL 796
CARDS, DOSIS 1355 CARDS, REPARE 1672 CARDS,
TRANS 259 CARDS, FICURE 338 CARDS, ARTRAN 1763
CARDS, WTRAN 2716 CARDS, DOSE 3280 CARDS)
SAMPLE PROBLEMS (SITE 35 CARDS, MOPOSH 33 CARDS, RADREL 58
CARDS, DOSIS 5 CARDS, REPARE 5 CARCS,
ARTRAN 152 CARDS, WTRAN 345 CARDS, DOSE 1315
CARDS)
SAMPLE PROBLEM OUTPUT (SITE 4 PAGES, MCPOSH 13 PAGES, RADREL 20
PAGES, DOSIS & PAGES, REPARE 9 PAGES,
ARTRAN 16 PAGES, WTRAN 14 PAGES, DOSE 17
PAGES)
DOCUMENTATION (480 CARDS)
REFERENCE REPORT, SYSTEM DESCRIPTICNS, AND ACC NOTE

CATEGORY - R

KEYWORDS - RACIATION EFFECTS, REACTOR SAFETY, DOSE RATES,
POWER PLANTS

17
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NAME R DESIGNATIUN OF PROGRAM - PREP/KITT

COMPUTER FOR wHICH PROGRAM IS DESIGNED AND CTHERS UPDN WHICH
IT IS OPERABLE - 1BM360, UNIVAC1108

DESCRIPTION OF PROBLEM OR FUNCTION - THE PREP/KITT COMPUTFR PRO-
GRAM PACKAGE OBTAINS SYSTEM RELIABILITY INFCRMAT ION FROM A SYSTFM
FAULT TREE. THE PREP PROGRAM FINDS THE MINIMAL CUT SETS AND/CR
THE MINIMAL PATH SETS OF THE SYSTEM FAULT TREE. (A MINIMAL CUT
SET IS A SMALLEST SET CF CCMPONENTS SUCH THAT IF ALL THE COMPC-
NENTS ARE SIMULTANEOUSLY FAILED THE SYSTEM IS FAILED. A MINIMAL
PATH SET IS A SMALLEST SET OF COMPONENTS SUCH THAT IF ALL OF THF
COMPONENTS ARE SIMULTANEOQOUSLY FUNCTIONING THE SYSTEM IS FUNCT INN-
INGe) THE KITT PROGRAMS DETERMINE RELIABILITY INFOKMATION FOR
THE CUOMPONENTS OF EACH MINIMAL CUT CR PATH SET, FOR EACH MINIMAL
CUT DR PATH ScT, AND FOR THF SYSTEM, EXACT, TIME-DEPENCENT RELI-
ABILITY INFORMATION IS CETERMINEC FCR EACH COMPONENT AND FDR EACH
MINIMAL CUT SET OR PATH SET. FOR THE SYSTEM, RELIABILITY RESULTS
ARE OBTAINED BY UPPER BOUND APPROXIMATIONS OF BY A BRACKETING PRO-
CEDURE IN WHICH VARIOUS UPPER AND LCWER BOUNDS MAY BE OBTAINED AS
CLOSE TO ONE ANOTHER AS DESIRED. THE KITT FROGRAMS CAN HANCLFE
INDEPENDENT CUMPONENTS WHICH ARE NONREPAIRABLF OR WHICH HAVE A
CONSTANT REPAIR TIME. ANY ASSCRTMENT CF NONREPAIRABLE CCMPNNENTS
AND CNMPGNENTS HAVING CONSTANT REPAIR TIMES CAN BE CCNSIDERED.
ANY INHIBIT CUNDITICONS HAVING CONSTANT PROBARILITIES OF OCCURRENCE
CAN BE HANDLED. THE FAILURE INTENSITY CF EACH COMPONENT IS
ASSUMED TO BE CONSTANT WITH RESPECT TO TIME. THE KITT2 PROGRAM
CAN ALSO HANDLt COMPONENTS WHICH DURING CIFFERENT TIME INTERVALS,
CALLED PHASES, MAY HAVE DIFFERENT RELIABILITY PROPERTIES.

METHOD OF SOLUTION - THE PREP PROGRAM OBTAINS MINIMAL CUT SETS BY
EITHER DIRECT DETERMINISTIC TESTING OR BY AN EFFICIENT MONTE CARLOD
ALGCRITHM. THE MINIMAL PATH SETS ARE OBTAINEC USING THE MONTE
CARLO ALGURITHM. THE RELIABILITY INFORMATICN IS CBTAINEC BY THF
KITT PROGRAMS FROM NUMFR ICAL SOLUTICON OF THE SIMPLE INTEGRAL RAL-
ANCE EQUATIOUNS OF KINETIC TREE THEORY.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE PREP PROGRAM
WILL OBTAIN THE MINIMAL CUT AND/CR PATH SETS FOR ANY TREE WITH UP
TO 2000 COMPONENTS AND 2000 LOGICAL GATES. ALL GATES OF THE FAULT
TREE MUST BE AND AND OR GATES, AND NO GATE MAY HAVE MORE THAN 7
INPUTS CONSISTING OF BOTH COMPONENTS AND CTHER GATES. PRFEP CAN
ORTAIN AT MOST 1000 MINIMAL CUT SETS WITH A MAXIMUM OF 1S COMPO-
NENTS PER SET, AND CAN CBTAIN AT MCST 500 MINIMAL PATF SETS WITH A
MAXTMUM OF 29 COMPONENTS PER SET. KITTLl WILL OBTAIN RELIABILITY
INFORMATION FOR UP TO 500 MINIMAL CUT OR PATH SETS CONTAINING A
TOTAL OF AT MOST 400 DISTINCT COMPONENTS ANC INHIBIT CONCITIONS.
KITT2 WILL OBTAIN RELIABILITY INFORMATION FOR UP TO 500 MINIMAL
CUT OR PATH SETS CONTAINING A TOTAL OF AT MOST 350 DISTINCT COM-
PONENTS AND INHIBIT CONDITIONS. KITT2 CAN CBTAIN RELIABILITY
INFORMATION FOR EACH NF 50 DIFFERENT PHASES PER COMPONENT.
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NAME OR DESIGNATION OF PROGRAM - ETCG3

COMPUTER FCR WHICKH PRCGRAM IS CESIGNEC AND CTKERS UPCN WHICH
1T IS OPERABLE - CDC7¢CO

DESCRIPTICN OF PRCBLEM CR FUNCTION - ETOG2 PROCESSES BASIC NUCLEAR
INFORMATICON GIVEN IN ENDF/B VERSION III1 FCRMAT FRCCUCING LATA
DECKS FOR USE IN GENERATION OF MUFT4, MUFTS, GAMl, GAN2, AND ANISA
LIRKARTES.

METHCD CF SOLUTION - ETOG3 PERFORMS A STRAIGHTFORWARD GROUP
AVERAGF OF CROSS SECTICNS USING AN INPUT WEIGHFTING FUNCTION AND
THE MICPCSCOPIC DATA FROM THF ENDF/B FILFS. THE BRFIT-WICNER
SINGLE-LEVEL ANC MULTI-LEVEL FORMULAE ARF ASSUMED TO YIELD
RESOLVED RESCNANCE CRCSS SECTIONS WITH REASONARLE ACCURACY.
TREATMENT CF UNRESOLVEC CROSS SECTICNS IS SIMILARP TC THAT CF M(C%%2
(ACC ARSTRACT 355).

RESTRICTICNS ON THE COMPLEXITY OF THE PROBLEM - IN ADDITICN TC THE
RESTRICTICAS CN THE ENCF/B NATA ITSELF, ETOG2 HAS THE FOLLOWING
MAXTMA -

99 MULTIGROUPS

500 RESCLVED RESONANCES

TYPICAL RUNNING TIME -

ENDF DATA HAS FEW ENCF CATA FAS NOD
L IBRARY RFSCNANCE PARAMFTERS RE SONANCE PARAMETERS
MUFT, S4 GROUP 35 SECCNDS* > 6 SECCNDS
GAMl, 68 GRCUP 100 SECONCS** 48 SECONDS**
GAM2, GG GRCLP 180 SECCONDS*=* 96 SECCNLS»*
ANISN, ©9 GROUP 180 SECONDS*#* G6 SECONDS*=

* EASILY GCES UP TC 450 SECCNCS FCR 400 RESONANCES
*% ESTIMATE

UNUSUAL FEATURES CF THE PROGRAM - IN THE ESTARLISHMENT OF TRANSFER
MATRICES, ANALYTICAL RESULTS ARE ENMFLCYED WHERE PCSSIBLE IN TFE
NORMALIZATICN OF QUTPUT DATA. FOR EXAMPLE, IN THE GENERATICN CF
THE ELASTIC SCATTERING MATRIX IN THE ENERGY RANCE IN WHICH THE
SCATTER IS ISOTROPIC IN THE CENTER-OF-MASS SYSTENM, RESULTS CF THE
NUMERICAL INTEGRATICN PERFCRMEC ARE NORMALIZED TC VALUES DERIVED
ANALYTICALLY.

RELATED ANC AUXILIARY PRCGRAMS - ETOCG3 SUPERSEDES ETOGL IN THAT
(A) MORE ACCURATE DATA DECKS ARE FRCOUCED FCR USE IN CREATINC
LIBRARIES, (B) ADDITICNAL CATA CECKS MAY BE CENERATED FOR USE IN
CREATING LASER LIBRARIES, ANC (C) VERSICN-II1 ENCF/B FORMATS AND
FORMULAE ARE DIGESTIBLE. IN THE PROGRAM, USE IS MADE CF THE GEN-
EPAL PURPOSE PROCESSCR AND RETRIEVAL SUBRCUTINES WRITTEN AT BROOK-
HAVEN FNR HANDLING ENDF/B CATA FILFS (ACC ARSTRACTS 384,465,475).
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G. STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMBER 1973.
CDC7600 VERSION SUBMITTED SEPTEMBER 1673.

10. REFERENCES - M, RAYMUND, SUPPLEMENT TC WCAP-3845-1, ETCG-1, A
FORTRAN IV PROGRAM TO PROCESS DATA FROM THE ENDF/B FILE TC THE
MUFT, GAM AND ANISN FCRMATS, WCAP-3845-1 (ENDF-114) SUPPLEMENT,
AUGUST 1672,

D. E. KUSNER AND S. KELLMAN, ETCOG-1ly A FCRTRAN IV
PROGRAM TO PROCESS CATA FROM THE ENCF/B FILE TO THE MUFT, GAM AND
ANISN FORMATS, WCAP-3845-1 (ENDF-114), CECEMBER 1969, ANC ERRATA.

M. K. DRAKE, ED.y DATA FORMATS AND PRCCEDURES FOR THE
ENDF NEUTRCN CROSS SECTICN LIBRARY, BAL-50274 (ENDCF-102), VOL. 1,
OCTOBER 1970.

C. G. PCNCELET, LASER - A DEPLETICN PROGRAM FOR LAT-
TICE CALCULATIONS BASEC ON MUFT AND THERMOS, WCAP-6073, APRIL
1966.

C. CZER, CESCRIPTICN OF THE ENCF/B PROCESSING COLES
ANC RETRIEVAL SUBROUTINES, ENDF/110, REVISED JUNE 1971.

He BOKLy JR.y Fo M. GELBARD, AND G. H. RYAN, MUFT-4,
FAST NEUTRCN SPECTRUM CODE FCR THE IBM-704, WAPD-TM-72, JULY 1957.

He BOHL,y JRe AND A. P. HEMPHILL, MUFT-5 - A FAST
NEUTRCN SPECTRUM PRUGRAM FOR THE PHILCO-2CCOy WAPD-TM-218, FEBRU-
ARY 1951.

G. D. JOANOU AND J. S. DUDEK, GAM-1, A CCNSISTENT Pl
MULTIGROUP CCDE FCR TKE CALCULATION OF FAST NEUTRON SPECTRA AND
MULTIGROUP CONSTANTS, GA-185C, MAY 1661.

G. D. JCANQU ANC J. S. DUDEK, GAM-II, A B3 CODE FCR
CALCULATICN OF SLCWING DCWN SPECTRUM ANC ASSCCIATEC MULTIGROUP
CONSTANTS, GA-4265, SEPTEMBER 16&, 1S¢€3.

We We ENGLEy JR.y A USERS MANUAL FOR ANISN, A ONE-
DIMENSIONAL DISCRETE ORNDINATES CCDE WITH ANISCTRCPIC SCATTERING,
K-1693, MARCk 30, 1967.

D. M. OSHEA, R. J. TOPPEL ANC A. L. RAGO, MC**2 - A
CODE TD CALCULATE MULTIGROUP CROSS SECTICAS, ANL-7318, JUNE 1967.

11. MACHINE REQUIREMENTS - 42,000 CECIMAL LOCATIONS AND 4 SCRATCH
AND PUNCH UNITS, 17,000 DECIMAL LCCATICNS CF EXTENCEC CORE MEMORY

12. FPRCGRAMMING LANGUACE USED - FCRTRAN IV

13. CPERATING SYSTEM OR MONITOR ULNDER WHICH PRCGRAM IS EXECUTED -
SCOPE 2.0.

14. ANY OTHER PROGRAMMING CR OPERATING INFORMATICN OR RESTRICTICNS -
THE PRNGRAM CONSISTS CF 9 OVERLAYS.

15. NAMF AND ESTABLISHMENT OF AUTHORS -
M. RAYMUND, C. E« KUSNER, R. A. DANNELS,

AND S. KELLFMAN
WESTINGHOUSE ELECTRIC CCRPORATICN
NUCLEAR ENERGY SYSTENS

P. O. BOX 355
PITTSEURGH, PENNSYLVANIA 15220
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MATERIAL AVAILABLE - MAGNETIC
SOURCE DECKS (ETOG3 13,877
FICATIONS 77

SAMPLE FROBLEM (2 CARCS)
REFERENCE REPORT,

16.

CATEGORY - B
KEYWORDS - CROSS SECTICNS,
AVERAGES,
CCCES,

11.

MUFT CCCES

WCAP-3845-1,

BREIT-WICANER FCRMULA,
LIBRARIES,

= 02/74

TAPE TRANSMITTAL
CARCS, UPDATE 13,947 CARCS,
CARDS)

MODI-

ANC SUPPLEMENT 1

GROUP CONSTANTS,

ETOM CODES, GAM CCDES, ANISAN
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NAME OR DESIGNATION OF PROGRAM - STRAP

COMPUTER FCR WHICH PRCGRAM IS CESICNEC ANC CTFERS UPCN WFICH
IT IS OPERABLE - IBM3¢€C

DESCRIPTION CF PRCBLEM CR FUNCTICN - THE CCCE STRAP (STRUCTURAL
ANALYSIS PACKAGF) WAS DEVELOPFD TO ANALYZE THE RESPCASE OF STRUC-
TURAL SYSTEMS TC STATIC ANC CYNAMIC LCADINC CONDITIONS. STRAP-S
SOLVFS FOR THE DISPLACEMENTS AND MEMBRER FCRCES CF STRUCTURAL SYS-
TEMS UNDER STATIC LOACS AND TEMPERATURE GRADIENTS. STRAP-D WILL
SOLVE NUMFRICALLY A GIVEN STRUCTURAL CYNAMICS PROEBLEM.

METHCD COF SOLUTION - STRAP-S GENERATES THE STIFFNESS MATRIX OF A
STRUCTURE BY THE FINITE ELEMENT METKCC ANC SCLVES THE RESULTING
EQUATIONS FOR STRLCTURAL DISPLACEMENTS AND MEMEER FCRCES. STRAP-D
CENERATES THE STIFFNESS MATRIX, SOLVES FOR EIGENVALUES AND EIGEN-
VECTORS, UNCCUPLES AND SCLVES THE SERIES CF SECONC-ORDER ORDINARY
DIFFFRENTIAL EQUATIONS, AND THEN CALCLLATES AND PLCTS THE
REQUESTEC MEMBER FCRCES.

RESTRICTICNS ON THE COMPLEXITY OF THE PROBLEV -
STRAP-S MAXIMA -
25C DEGREES OF FREEDCWM
10C MEMBERS
STRAP-D FMAXIMA -
100 DEGREES OF FREEDCWM
B0 TIME-STEPS IN THE FORCINC FUNCTICN INPLT

TYPICAL RUNNING TIME - STRAP-S RUNNING TIME IS ABCUT 5 SECONCS FOR
A 97 DEGREE CF FREEDCM PRCBLEM. STRAP-C RUNNING TIME IS APPRCXI-
MATELY 15 SECCNDS FOR A PLANE FRAME, 6 DEGREES OF FREEDOM, 6 MODAL
SHAPE (0 TC 1 SECOND) PROBLEM WITH 3 PLOTS, WHILE 1.5 MINUTES

ARE REQUIRED FCR A VIERATING REAM, 41 CEGREE CF FREECOM, 2 MODES
(0O TO 1 SECOND) PROBLEM WITH S PLCTS.

UNUSUAL FEATURES CF THE PROGRAM - STRAP-C ALLOWS FORCING FUNCTIONS
INPUT TO BE IN THE FORM CF PRESSURES, FCRCES, CR GRCUNC ACCELERA-
TIONS. INITIAL CONDITIUNS (DISPLACEMENTS AND VELOCITIES) CAN BE
SPECIFIEC AS ZFRCy OR CISPLACEMENTS CAN BE CALCULATEC, OR CIS-
PLACEMENTS AND VELOCITIES CAN BE READ FRCM INPUT. MEMBER FORCES
CAN BE CALCULATEC AND FLCTTEC BY STRAP-C.

RELATED AND AUXILIARY PROGRAMS - INTEGRAL PARTS CF STRAP-D INCLUCE
AN FIGENVALUE-EIGENVECTOR ROUTINE (THJCOB) BY C. NOBLE, A STIFF-
NFSS GENERATCR (STIFGN) BY J. A. DEARIEN, A RUNGE-KUTTA INTECRA-
TICN TECHNIQUE (RKINTZ) BY R. D. PEAK, AND A MATRIX INVERSICN RCU-
TINE (MAINV) BY De He GIPSCN.

STATUS - ABSTRACT FIRST DISTRIBUTED DECEMBER 1573.
IRM360 VERSICN CF STRAP-S SUBMITTED APRIL 1672, SAMPLE

PPOBLEM EXECLTED BY ACC.
1EM360 VERSICN OF STRAP-D SUBMITTED APRIL 1572, SAMPLE

PROBLEM EXECUTEC BY ACC.
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10. REFERENCES - J. A. DEARIEN, C. NOBLE, AND E. D. ULDRICH, STRAP, A

COMPUTER CCDE FOR STATIC AND DYNAMIC STRUCTURAL ANALYSIS AND
STUDIES MADE USING THE CODE, IN-1262, JUNE 1S7C.

Jo A. DEARIEN, STRAP-S, STRUCTURAL ANALYSIS PACKAGE-

STATIC, ANC PROGRAM WKITEUP, CCTCRER 1S66.

L. Jo SIEFKEN, STRAP-D, STRUCTURAL ANALYSIS PACKAGE-

DYNAMIC, ANC PRCGRAM WRITEUP, OCTOBER 1971.
W. WEAVER, JR., COMPUTER PROGRAMS FCR STRUCTURAL

ANALYSISy C. VAN NCSTRANC CO.y INC., PRINCETCN, NEW JERSEY, 1G67.
We C. HURTY AND M. F. RUBINSTEIN, DYNAMICS CF STRUC-

TURESy PRENTICE-HALL, INC., ENGLEWOOD CLIFFS, NEW JERSEY, 1564.
Se. L. ROGERS, CYNAMICS CF FRAMEC STRUCTURES, JOEKN
WILEY + SONS, INC., NEW YCRK, 1959,

J. B. SCARBCGRCUGKy NUMERICAL MATHEMATICAL ANALYSIS,

THE JOHN HCPKINS PRESS, BALTINMCRE, MARYLANC, 1955.

W. T. THOMSON, VIBRATION THECRY AND APPLICATIONS,
PRENTICE-HALLy INC ., ENGLEWOOL CLIFFS, NEW JERSEY, 1665.

N. WILLEMS AND W. M. LUCAS, MATKIX ANALYSIS FCR
STRUCTURAL ENGINEERS, PRENTICE-HALL, INC., ENGLEWCOD CLIFFS,
NEW JERSEY, 1568.

11. MACHINE REQUIREMENTS - 300K BYTES OF MEMORY FCR EACH PRCGRAM PLUS

5 TO 7 DIRECT ACCESS STORAGE CEVICES BESIDES STANCARC 1/0 FOR
STRAP=-D

12. PROGRAMMING LANGUAGE USED = FCRTRAN IV

13, CPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
0S/360.

»
14. ANY CTHER PROGRAMMING COR OPERATING INFORMATICN CR RESTRICTIONS -

STRAP-D USES PLOTTING SUBRCUTINES CURRENTLY IN THE NRTS OPERATING

SYSTEM.

15. NAME AND ESTABLISHMENT OF AUTHCRS -
Je A. DEARIEN AND E. D. ULCRICH
AERCJET NUCLEAR COMPANY
P. C. BCX 1845
IDAHO FALLS, IDAHD €34Cl

16, MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL

SOURCE DECKS (STRAP-S 12CS CARDS, STRAP-D 5067 CARDS)

SAMPLE FROBLEMS (STRAP-S 34 CARDS, STRAP-D 128 CARDS)

CONTROL INFORMATICN (JCL STRAP-S 18 CARCS, STRAP-C 61 CARCS)

LOAD MOCULES (STRAP-S, STRAP-D STEPl, STRAP-C STEPZ, AND
STRAP-D STEP3)

SAMPLE PROBLEM QUTPUT (STRAP-S 7 FAGES, STRAP-C 31 SELECTED

PAGES)
REFERENCE REPCRT, IAN-1362, ANC PRCGRAM WRITEUPS

17. CATEGORY - 1
KEYWORDS - STRUCTURAL ANALYSIS, CIFFERENTIAL ECUATIONS, FINITE-
ELEMENT, DYNAMICS, MASS MATRICES
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NAME R DESIGNATION OF PROGRAM - PACTCLUS/CLCTEC

COMPUTER FCR WHICH PRCGRAM IS CESIGNEC ANC CTHERS UPCN WFICFK
IT IS OPERABLF - UNIVAC1108

DESCRIPTION OF PROBLEM CR FUNCTION - PACTCLUS IS A CODE FOR COM-
PUTING NUCLEAR PNWER COSTS USING THE CISCCUNTEC CASH FLCw METECC.
THE CASFH FLCWS ARE GENERATEC FROM INPUT UNIT CCSTS, TIME SCHEDULES
AND BURNUP DATA. CLCTHC CALCULATES ANC CCMMUNICATES TC PACTCLUS
MASS FLOW DATA TO MATCH A SPECIFIED LCAD FACTCR HISTCRY.

METHOD OF SOLUTICON - PLANT LIFETIME PCWER COSTS ARE CALCULATED
USINC THE CISCOUNTED CASH FLOW METHOD.

RESTRICTIONS ON THE COMPLEXITY CF THE PRCBLEM - FMAXIMA CF -
40 ANNUAL TIME PERIODS INTO WHICH ALL CCSTS AND MASS FLOWS ARE
ACCUNULATED
20 ISOTCPIC MASS FLOWS CHARGED INTO ANC CISCHARCED FRCM THE
REACTCR MCCEL

TYPICAL RURNNING TIME - FOR TYPICAL NUCLEAR PLANTS KAVING A LIFE-
TIME OF 30 YEARS AND EBETWEEN 50 ANC 200 CHARGE-DISCHARGE FUELING
EVENTS, A RUN TIME 0OF 10 TO 25 SECCANCS CAN BE EXPECTEC.

UNUSUAL FEATURES CF THE PRCGRAM - ALTHOUGH THE PACTCLUS/CLCTHC
CODE 1S CESIGNED PRIMARILY FCR NUCLEAR PCWER PLANT COST ANALYSIS,
RY PROPER INPUT DOF MASS FLOWS AND UNIT CCSTS ANY SIMILAR PLANT
SUCH AS A FOSSIL-FUELEC PCOWER PLANT CR A HYCRCELFCTRIC PLANT CAN
BE SIMULATED. AN OPTICN OF PACTCLUS ALLCWS CIRECT REACING CF MASS
FLCWS OF LICHT-WATER FEACTORS FROM A BURNUP TAPE PROVIDED BY THE
ALTHAEA BURNUP CNDE DESCRIBEC IN REFERENCE 4. ANY SIMILAR BURNUP
TAPF COULD BE USFD FOk ANY SPECIFIC RFACTOR CESIGN, CR CARC INPUT
CAN BE PROVICEC THRCUCF CLCTHO.

RELATED AND AUXILIARY PROGRAMS - THE FCWER COST CALCULATICN IN
PACTCLUS/CLCTHC IS A MCOIFIFC VERSION OF A TECHNIQUE DEVELOPED BY
KOYES SALMCN OF CAK RIDGE NATIONAL LABCRATCRY ANC CESCRIBEC IN
ThHE REPCRT, A PROCEDURE AND A COMPUTER CODE (PCWERCC) FOR CAL-
CULATING THE CNST CF ELECTRICITY PRCCUCEC BY NUCLEAR POWER STA-
TINNS, ORNL-3944, JUNE 166&. SEE ACC ABSTRACT 340.

STATUS - ARSTRACT FIRST CISTRIBUTEC CECEMBER 1972.
UNIVAC1) 08 VERSION SUBMITTEC APRIL 1672.

REFFPFNCES - Co He BLCCMSTER, Jo He NAILy, AND D. R. HAFFNER,
PACTNLUS, A CNDE FOk COMPUTING NUCLEAR FCWER CCSTS, ENWL-1169,
JANUARY 1970.

Jo He NATL, PACTCLUS, A CCCE FOR COMPUTING NUCLEAR
POWER CUSTSy PART 1, LSERS MANUAL,y BAWL-42Sy JUNF 1967.

Jo Fo NAIL, CLOTFO, A COCE FOR CCMMUNICATING REACTCR
MASS BALANCF DATA TC FEACTOF ECCACMICS CCDES, ENWL-770, JUNE 19¢€8.

F£. T. MERRILL, ALTHAEA PART 1, A CNF-DIMENSICNAL TwWO-
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10. REFERENCES (CCNTINUEC)

GROUP DIFFUSION CODE WITH AN EFFECTIVE FOUR-GRCUP BURNLP,
BAWL-462, MAY 1971.

Re SALMON, EXCERPTED PAGES FRCM CFNL-4116, AUCUST
1969.

D. R. HAFFNFR, OPERATICN CF THKE PACTOLUS/CLOTHO CODE,
HECL MEMO, FEBRUARY 21, 1973.

SELECTED PAGES FRCM CSCX RJE/CRJE REFERENCE, E00003-
02-00, VOL. 2.

NTRAN 1/0 ROUTINES DESCRIPTICN, EXCERFT FRCM UP-3569,
REV. la

11. MACHINE REQUIREMENTS - 65K MEMORY wWITH CRUM STCRAGE CF INPUT DATA
TO SPEED UP PRCCESSINC

12, PROGRAMMING LANGUAGE USED - FCRTRAN V

13. OPERATING SYSTEM CR MCNITOR UNCER WHICF PRCGRAM IS EXECUTED -
CSCX.

14, ANY OTHER PROGRAMMING CR CPERATING INFCRMATICN CF RESTRICTICNS -

15. NAME AND ESTABLISHMENT CF AUTHOR -
De Re HAFFNER
HANFORD ENGINEERING DEVELCPMENT LABCRATCRY
WESTINGHKCUSE HANFORC CCMPANY
P. G. BCX 1570
RICHLAND, WASHINGTON 66352

lé. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMIJTAL
SOURCE DFCKS (PACTOLUS 4792 CARDS, PDCC 782 CARDS)
SAMPLE PRCBLEMS (PACTCLUS 16 CARCS, PCCC 40 CARDS, CLOTHC 311
CARDS)
SAMPLE PROBLEM QUTPUT (PACTOLUS 20 PAGES, CLOTHC 2 PAGES)
PEFERENCE RFPORTS, BNWL-770 ANC BAWL-1169, EXCERPTS, AND MEMO

17. CATEGCRY - D
KEYWCRDS - CEPLETICN, FUEL MANAGEMENT, CCST ANALYSIS, REACTOR
ECONOMICS, POWERCC CODES, ALTHAEA CCODES
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13.
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NAME NR DESIGNATION OF PRUGRAM - WSP-HASP/CCS

COMPUTEF FCR WHICH PRCGRAM IS CESICNEC ANC CTHERS UPON WHICK
IT IS NPERABLE - IBM3EC

NDESCRIPTICN CF PROBLEM CR FUNCTICN - THE WSP (WORK STAT ION
PACKAGE) IS A MODIFICATION COF THE STANDARD HASP/RMT360 PACKAGF
SUPPLIED RY IBM AND RUNS CN A MULTIPROCGRAMMED DOS SYSTEM/360/30
USING MULTI-LEAVING ANC BINAPY SYNCHRCNCLS CCMMUNICATICNS TC
CCMMUNICATE WITH A SYSTEM/3€C/195/ASP CENTRAL CPU.

METHOD OF SOLUTICN - WSP IS A MCCIFICATICN OF A CCMPCNENT CF THE
FASP I1 (3€60D-05.1.014) VERSION 2, MODIFICATICN LEVEL 1 IBM PRC-
GRAM. WSP RUNS IN A FCREGRCUNC PARTITICN CF A COS MFT SYSTEM,

RFSTRICTICANS ON THE COMPLEXITY OF THE PRCBLEM -

TYPICAL RUNNING TIME - WSP NCRMALLY RUNS CCANTINUCUSLY IN TFE
FCREGRCUND PARTITION.

UNUSUAL FEATURES CF THE FRCGRAM -
RFLATED ANC AUXTLIARY PRCGRAMS - KFASP/RMT26C PACKAGE.

STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMBER 1573.
IB¥360 DCS VERSICN SUBMITTELC SEPTEMBER 1G673.

PEFERENCES - ROBERT J. MCMAHON, THE ARGCNNE HASP/DCS WCRKSTATICN
PACKAGFE (WSP), ARGCNNE NATIONAL LABORATCRY MEMCRANDUM, SEPTEMBER,
1973.

MACHINE REQUIREMENTS - WSP HAS BEEN CESIGNED FCR A SYSTEM/360/30
WITH AN IBM 2540 READER-PUNCF, TwD IBM 1403 PRINTERS, AN IBM 1052
PRINTER KEYBOARC CONSULE, AND AN [BM 2701 DATA ADAPTER UNIT.

PROGRAMMING LANGUAGE LSEC - CCS ASSEMBLER LANGUAGE

OPERATING SYSTEM CR MCNITCR UNDER WHICK PROGRAM IS EXECUTED -
26C DOS RELEASE 26.1. THE ANL SYSTEM/360/195 ASP CENTRAL CPU IS
CPERATING WITH VERSION 2.6.5 OF ASP RFQUIRING AC CHANMNGES.

ANY OTHFR FRCGRAMMING CR CPERATING INFORMATICN OR RESTRICTICNS -
THE PERSON RESPONSIBLE FOR WSP INSTALLATICN AND CPERATICN SHCULD
RE WELL-VERSEDR IN HASF, DOS, ANC ASP. DEVIATIONS FRCM TFE
CONFIGURATION SPECIFIED IN 11, MAY RECUIRE ADCITIONAL PRCGRAMMING.

NAME AND ESTABLISKMENT OF AUTHOR -
ROBEKT Jo MCNAHON
APPLIED MATHEMATICS DIVISICN
ARGCNNE NATICNAL LABCRATCRY
G700 S. CASS AVENUE
ARGCANE, ILLINOIS 60439
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16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
ARGCANE MCDIFICATICNS TC THE STANCARC FASP/RMT 260 PACKAGE -
SNURCE (5S7 CARDS)
WSP DRIVER AND B-TRANSIENT PROGRAM PLUS DCS LINK-EDIT JCBS -
SOURCE (42 CARDS)
WSP OBJECT DFCK (254 CARDS)
REFERENCE REPORT

17. CATEGORY - P
KEYWORNS - OPERATING SYSTEMS, DATA PPOCESSING, REMCTF JCB PRCCFSS-
INGy, CCMPUTFR NETWORKS
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10.

11.
12.

13.

14.

ACC ABSTRACT 542 11/73

NAME OR DESIGNATION CF PROGRAM - PSA2

COMPUTER FCR WHICH PROGRAM IS DESIGNED AND CTHERS LPCN WHICH
IT IS OPERABLE - 1BM360,370

DESCRIPTION OF PROBLEM OR FUNCTION - PSA2 COMPUTES THE REACTIONS
AND STRESSES CAUSED BY THERMAL EXPANSION AND LCADS IN A MULTI-
ANCHOR PIPING SYSTEM WHICH MAY CONTAIN LCCPS AND MAY BE PARTIALLY
RESTRAINED AT ANY POINT IN ANY DIRECTION.

METHOD OF SOLUTICN - THE LINEAR EQUATICNS FOR THE STATICALLY INDE-
TERMINATE PIPE SYSTEM ARE SET UP BY A GENERALIZATICAN CF BROCKS
MATRIX METHOD. BY A SYSTEMATIC USE OF LINEAR TRANSFORMS, THE
MATRIX OF THE SYSTEM OF LINEAR EQUATICANS CAN EBE CBTAINED BY INCI-
DENCE ALGEERA IN THE FORM OF A SYMMETRIC BANDED MATRIX.

RESTRICTIONS ON THE CCOMPLEXITY CF THE PRCBLEM - MAXIMUM CF -
36 SECTIONS

TYPICAL RUNNING TIME - 1 TO 3 MINUTES ARE REQUIRED CN A MOCEL 50.

UNUSUAL FEATURES CF THE PROGRAM - PSA2 TAKES INTO ACCOUNT -

(A) ELASTICITY OF THE ATTACHMENT CF THE PIPE TO THE FCUNDATION,

(B) RESTRAINTS ON PIPE DISPLACEMENTS BY ANCHORS AND INTERME-
DIATE PARTIAL CCNSTRAINTS CF LINEAR TYPE,

(C) GIVEN CONSTANT FORCES AND MCOMENTS ACTING UPCN THE PIPE
SYSTEM,

(D) THERMAL EXPANSICN,

(E) ANY GEOMETRICAL STRUCTURE OF THE PIPE SYSTEVN,

(F) SEVERAL CASES CF STRESSING PER PIPE SYSTEM, ANC

(G) BOTH METRIC AND ENGLISK UNITS.

RELATED ANC AUXILIARY PROGRAMS -
STATUS - ABSTRACT FIRST DISTRIBUTED DECEMBER 1973.
IBM360 VERSICN SUBMITTED MAY 1972, SAMPLE PROBLEM EXE-
CUTED BY ACC.

REFERENCE - B. H. BOCNSTRA, A. N. NICKOLS, W« J. HUGHES, AND
W. D. GROSSy, PIPE STRESS ANALYSIS CODE, PSA2, AI-64-NMEMO-142,
REVISICN 1.

MACHINE REQUIREMENTS - 64K MEFNORY
PROGRAMMING LANGUAGE USEC - FORTRAN IV (F)

OPERATING SYSTEM OR MONITOR LNDER WHICH PROGRAM IS EXECUTED -
€S/360.

ANY OTHER PROGRAMMING OR CPERATING INFORMATICN OR RESTRICTICANS -
FUNCTION LCC MUST BE USER-SUPPLIEC. IT RETURNS THE ADDRESS OF I7S
ARGUMENT AS AN INTEGER TO THE CALLING FRCGRAM.
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15.

16.

17.

975
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NAME AND ESTABLISHMENT OF AUTHKCR -
A. N. NICKOLS
CCDES CCCRDINATOR
ATOMICS INTERNATICNAL
P. 0. BOX 2CS
CANCGA PARK, CALIFORNIA 91304

MATERIAL AVAILABLE -
SOURCE CECK (1356 CARCS)
SAMPLE PROBLEM (20 CARDS)
CONTROL INFORMATION (JCL 21 CARDS)
REFERENCE REPCRT

CATEGORY - 1
KEYWORDS - STRESSES, THERMAL EXPANSICN, PIPES
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NAME OR DESIGNATION OF PROGRAM - ENDF/B-THERMCS

COMPUTER FCR WHICH PRCGRAM IS CESIGNEC ANC CTHERS UPON WHICK
IT IS OPERABLE =

DESCRIPTION OF PRCBLEM CR FUNCTION - THESE CATA ARE 30-GRCUP
THERMOS THERMAL SCATTERING KERNELS FOR PC TO P5 LEGENDRE CRCERS
FOR EVERY TEMPERATURE CF EVERY MATERIAL FRCM S(ALPHA,BETA) DATA
STORFD IN THE ENDF/B LIBRARY. THESE SCATTERINC KERNELS WERE
GENERATED USING THE FLANGE2 COMPUTER CODE (ACC ABSTRACT 368).

TC TEST THE KERNELS, THE INTEGRAL PRCPERTIES CF EACK SET OF KER-
MELS WERF DETERMINED BY A PRECISICN INTEGRATICN CF THE CIFFUSION
LENGTH EQUATICN ANC CCMPAREC TO EXPERIMENTAL MEASUREMENTS OF
THESE PROPERTIFS. IN GENERAL, THE AGREEMENT WAS VERY GOCD.
DETAILS OF THE METHODS USED AND RESULTS CBTAINED ARE CCNTAINED
IN THE REFERENCE. THE SCATTERING KERMNELS ARE CRCANIZED INTO A
TWO VOLUME MAGNETIC TAPE LIBRARY FRCM WHICH THEY MAY BE RETRIEVED
EASILY FOR USE IN ANY 30-GROUP THERMOS LIBRARY. THE CONTENTS CF
THE TAPES ARE AS FCLLCWS -

VOLUME |
MATERIAL ZA TEMPERATLRES (DEGREES K)

MOLECULAR H2C 100.0 296, 350, 400, 450, 500, 600,
80C, 1cCCC

MOLECULAR D2C 101.0 256, 35C, 400, 450, 50C, 60C,
800, 1000

GRAPHITE 6000.0 29¢, 40C, 5CC,y 600, 700, 800,
100Cy 12C0, 1600, 2000

POLYETHYLENE 205.0 296, 350

BENZENE 106.0 256, 35C, 400, 450, 500, 600,
800, 1000

VOLUME I1
MATERIAL ZA TEMPERATURES (DEGREES K)

ZR BCUAC IN ZRHX 203.0 296, 400, 500, 600, 700, 8CO,
1000, 1200

H BOUNC IN ZREX 230.0 29¢€, 4CC, 5CC, 60C, 70C, &0C,
1000, 1200

BERYLLIUM-9 400%.0 29¢, 400, 500, 600, 700, 800,
10cc, 12C0

BERYLLIUM CXIDE 200.0 296, 400, 500, 600, 700, EOO,
10CC,y, 12C0O

URANIUM DICXIDE 207.0 296, 400, 500, 600, 70C, 800,
1000, 1200

METHCD OF SOLUTION - KERNEL GENERATION IS PERFCRMED BY DIRECT
INTEGRATION OF THE THERMAL SCATTERING LAw CATA TO OBTAIN THE DIF-
FERFNTIAL SCATTERING CROSS SECTIONS FOR EACH LEGENDRE CRDER. THE
INTEGRAL PARAMETER CALCULATION IS CONE BY PRECISION INTEGRATICN
OF THE DIFFUSION LENGTH EQUATION FCR SEVERAL MCCERATCR ABSORPTION
CROSS SECTIONS FOLLOWED BY A LEAST SQUARES FIT TC CBTAIN THE FIRST
THREE MOMENTS CF K#%2/SIGMA-A AS A FUNCTICON OF SIGMA-A. THE

DI FFUSTION PARAMETERS DOy, C AND CTHER INTEGRAL PARAMETERS WERE THEN
CBTAINED FROM THE FITTED MOMENTS.
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RESTRICTICAS CN THE COMPLEXITY OF THE PROBLEV -
TYPICAL RUNNING TIME -
UNUSUAL FEATURES OF THE PROGRAM -

RELATED ANC AUXILIARY PROGRAMS - A RETRIEVAL PRCCRANM TC PRINT AND/
OR PUNCH SCATTERING KERNELS FROM THE LIBRARIES IS INCLUDED. PART
OF THE ROUTINE IS A GENERAL SUBRCUTINE THAT WILL POSITION A
LIBRARY IN FRONT OF A SPECIFIED KERNFEL. THE SUBRCUTINE MAY BE
USED IN ANY USER PRUGRAM.

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMRER 1673.
THIS VERSICN SUBMITTED APRIL 1S72.

REFERENCE - F. Jo. MCCROSSCN, De R. FINCH, ANC E. C. CLSEN, TESTING
CF ENDF/B - THERMCS CRCSS SECTIONS FOR K2C, D2Cy Cy ZRH2,
(C2H4) X, BE, BEO, C6HE, AND UO2, CP-1276 (ENCF-158), OCTCBER 1971.

MACHINE RECUIREMENTS - THE RETRIEVAL PROGRAM REQUIRES 1 TAPE DRIVE
AND A SMALL AMOUNT OF HIGH-SPEEC CORE.

PROGRAMMING LANGUAGE USEC - AUXILIARY PRCOGRAM WRITTEN IN
FORTRAN 1V

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
ANY OTHER PROGRAMMING OR OPERATING INFCRMATICN OR RESTRICTICANS =~

NANME AND ESTABLISHMENT CF AUTHORS -
Fe Jo MCCROSSON AND C. Ray FINCH
SAVANNAF RIVER LABORATORY
E. I. DU PONT CE NENMCURS ANC COMPANY
AIKEN, SOUTH CAROLINA 2S801

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL (3 TAPES)
LIBRARY (TAPE 1 22,787 CARDS, TAPE 2 24,875 CARDS)
AUXILIARY PROGRAM (203 CARCS)

REFERENCE REPCRT

CATEGORY - 2
KEYWORDS - SCATTERING KERNELS, ENCF/B, CATA PROCESSING, THERMOS
CODES, FLANGE2 CODES
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NAME OR DESIGNATION OF PROGRAM - PLOT-3D

COMPUTER FCR WHICH PROGRAM IS CESIGNED AND OTHERS UPCN WHICFK
IT IS OPERABLE - IBM3&C/75 WITH AN IBM228C FILM RECCRDER OR A

CALCCMP 780 PLCTTER

DESCRIPTION OF PROBLEM OR FUNCTION - PLOT-3D IS A PACKAGE OF Sus-
PROGRAMS CESIGNED TO DRAW THREE-CIMENSIONAL SURFACES FROM ARRAYS
OF POINTS (X,Y,Z). THE SURFACES CAN BE DRAWN AFTER ARBITRARY
ROTATIONS ABOUT THE THREE COORDINATE AXES.

METHOD OF SOLUTION - PLOT-2D IS A COMPUTER PRCGRAM TC PLOT ANY
SURFACE FOR WHICH EACK CCCRDINATE PAIR (X,Y) IS ASSOCIATED WITH A
UNIQUE Z IN THE SET OF POINTS (X,Ys2). IT USES MATRIX TRANSFCRMA-
TION OF THE POINTS TO GENERATE DIFFERENT VIEWS OF THE SURFACE
AFTER ARBITRARY RCTATICNS ABOUT THE THREE COCRCINATE AXES. FOUR
VERSIONS OF PLOT-3D ARE AVAILABLE. CLTPUT OF VERSICAN 1 ANC 3 IS
BY FILM RECORDER. OUTPUT OF VERSION 2 AND 4 IS BY CALCOMP PLOT-
TER. VERSIONS 3 AND 4 DC NCT CRAW LINES WHICF WCULD BE INVISIBLE
TO A VIEWER LOOKING AT AN OPAQUE SURFACE, WHEREAS VERSICAS 1 AND 2
DRAW EVERY LINE CN THE SURFACE.

RESTRICTIONS ON THE COMPLEXITY CF THE PRCBLEM - VERSICNS 3 ANC 4
LIMIT NUMBER CF RCWS IN ARRAYS (X,Y,2) TO 100 AND ALSO NUMBER OF
COLUMNS IN ARRAYS (X,Y,Z) TO 100.

TYPICAL RUNNING TIME - USING A 20 X 10 GRIC AND PRODUCING SIX 3-D
PICTURES REQUIRES 15 SECONDS WITH VERSICN 1, 20 SECCACS WITH VER-
SICN 2y 4 MINUTES AND 30 SECONDS WITH VERSION 3, AND 3 MINUTES ANC
28 SECONDS WITH VERSICN 4.

UNUSUAL FEATURES OF THE PROGRAM - THE PLOT-3D PACKAGE IS READILY
ADAPTABLE TC CTHER HARCWARE. IT IS INTENDED FCR GRAPHICAL REPRE-
SENTATION CF SURFACES DETERMINED BY SINGLE-VALUEC FUNCTICNS OF TwWO
INDEPENDENT VARIABLES.

RELATED ANC AUXILIARY PRCGRAMS -

STATUS - ABSTRACT FIRST CISTRIBUTEC CECEMBER 1972,
IBM360 VERSION SUBMITTED MAY 1972, SAMPLE PRCELEM EXE-
CUTEC ‘B8Y ALC»

REFERENCES - D. BASINGER AND J. GVILDYS, THREE-CIMENSIONAL CRAPEI-
CAL REPRESENTATION OF SURFACES BY COMPUTER (FAST RFEACTCR CONTAIN-
MENT PRCOGRAM), ANL-7633, NCVEMBER 1971.

R. BRUCE CANWRIGHT, JR. AND FAUL SWIGERT, PLCT 3-C -
A PACKAGE COF FORTRAN SUBPROGRAMS TO CRAW THREE-DIMENSIONAL SUR-
FACES, NASA TM-X-1598, JUNE 1668.

RUTH A. NEISS, .BE VISION, A PACKAGE CF IBM 7090 FCR-
TRAN PRCGRAMS TC CRAW CRTHKOGRAPHIC VIEWS CF CCOMBINATIONS OF PLANE
AND QUATRIC SURFACES, JOURNAL OF THE ASSCCIATICN OF CCMPUTER
MACHINERY, PP, 194-204, APRIL 1S6¢€.
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REFFRENCES (CONTINUED)

HEMRY MARGENAU AND GEORGE M., MURPHY, THE MATHEMATICS
NF PHYSICS AND CHEMISTRY, SECCNC ECITICAN, C. VAN NOSTRANC COD.,
INC.y PP. 5€5-570, 16G5¢.

D. CARSCNy A FILM=-PLOTTINC SUBROUTINE PACKAGE (FSP)
FOR THE IBM 2280 FILM RECORDER, ANL-AMD TECHNICAL MEMCRANCUM NO.
167, JUNE 17, 19€8.

RCNALD F. KRUPP, S/360 PRCGRAMMING TECHNIQUES FOR THE
CALCOMP T78Cy ANL-AMD TECHNICAL MENMCRANDUM NC. 130, REVISED JUNE
13, 1972.

MACHINE RECUIREMENTS - VERSICNS 1 AND 3, FCR THF [BV 2280 FILM
RECCRDER, RFQUIRE 7810 AND 58,285 BYTES COF CORE STORAGE, EXCLUSIVE
OF FILM RECCRDER SUBRCUTINES ANC ARRAYS. VERSIONS 2 AND 4, FOR
THE CALCCMP PLOTTER, REQUIRE 6670 AND £2,435 EYTES CF CORE STOR-
ACF, EXCLUSIVE OF CALCCMP PLCTTER SURROUTINES AND ARRAYS.

PFOGRAMMING LANGUAGE USEC - FORTRAN [V

OPERATING SYSTEM CR MCANITOR UNCER WHICH PRCGRAM IS EXECUTED -
NS/360 ASP.

ANY OTHER PROGRAMMING CR OPERATING INFCRMATICN OR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHORS =
De. BASINGER AND J. CVILCYS
REACTOR ANALYSIS ANC SAFETY CIVISICA
ARGONNF NATIONAL LABCRATORY
G70C SOUTH CASS AVENUE
ARGCANE, ILLINCIS 60435
»
MATERTAL AVAILABLE -
SOURCE CECKS (VERSION 1 251 CARDS, VERSION 2 245 CARDS, VERSION
3 557 CARDS, VERSICN 4 558 CARCS)
SAMPLE PRCBLEM OUTPLT (12 PAGES)
REFERENCE REPCRT, ANL-7622

CATEGORY = N
KEYWORDS - 3-DIMENSIONAL, X-Y-Z, GRAPHS
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NAME OR DESIGNATICN CF PRCGRAM - BETTY

COMPUTER FCR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WHICH
IT IS OPERABLE - CDC6600

DESCRIPTION OF PROBLEM CR FUNCTION - BETTY DESCRIBES SPATIAL AND
TEMPORAL CCNCENTRATICN BEHAVIOR OF A SUSPENSICN IN A PIPE, AS A
RESULT OF DEPOSITICN AND ERCSICN CF THE PARTICLES.

ME THOD OF SOLUTICN - THE PARTIAL CIFFERENTIAL EQLATICNS DESCRIBING
THE CONCENTRATION BEHAVIOR ARE SOLVEC BY A COMEINATICN CF ANA-
LYTICAL ANC NUMERTICAL INTEGRATION USING A SIMPLE FCRWARD DIFFER-

ENCING TECHNIQUE.

RESTRICTIONS ON THE COMPLEXITY OF THE PRCBLEM - NO MCRE THAN
900 AXIAL INCREMENTS MAY BE USEC.

TYPICAL RUNNING TIME - A PROBLEM WITH 1CC AXIAL INCREMENTS
REQUIRES ABOLT TwC SECCACS.

UNUSUAL FEATURES OF THE PROGRAM -

RELATED ANC AUXILIARY PROGRAMS - BETTY USES SEVFRAL ROUTINES FROM
THE BETTIS ENVIRONMENTAL PACKAGE (ACC ABSTRACT 478) AND SUBRCOUTINE
HCH (ACC ABSTRACT 294) TO CALCULATE WATER ANC STEAM PROPERTIES.

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1S723.
CCC6600 VERSION SUBMITTEL JUNE 1972.

RFFERENCES - S. K. BEAL, THE ROLE OF EROSICN AND DEPCSITICN IN
SAMPLING FNTRAINEC PARTICLES, WAPC-TM-1014, APRIL 1972.

C. Jo PFEIFER, CDC-6600 FCRTRAN FRCGRAMMINC - BETTIS
ENVIRONMENTAL REPORT, WAPD-TM-6€8, JANUARY 1967.

Le Le LYNN, A CIGITAL CCMPUTER PRCGRAM FOR NUCLEAR
CESICN WATER PROPERTIES, WAPD-TM-€B8C, JULY 1Sé7.

MACHINE RECUIREMENTS - 63K 6C-BIT WCRCS CF CORE STCRAGE
FRCGRAMMINC LANGUACE USEC - FORTRAN 1V

OPERATING SYSTEM OR MONITOR UNDER WHICH FRCGFRAM IS EXECUTEC -
SCCPE 3.2.

ANY OTHFR PROGRAMMING QR OPERATING INFCRMATICN CR RESTRICTICAS -

NAME AND ESTABLISHKMENT CF AUTHCR -
S. K. BEAL
BETTIS ATCMIC POWER LABORATORY
WESTINGHOUSE ELECTRIC CCRPCRATICN
P. 0. BOX 7S
WEST MIFFLIN, PENNSYLVANIA 15122
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16. MATERIAL AVAILABLE - RESTRICTEC CISTRIBUTICN
SOURCE CECK (599 CARDS)
SAMPLE FROBLEM (22 CARDS)
SAMPLE FPROBLEM CUTPUT (13 PAGES)
REFERENCE REPORT, wAPD-TM-1014

17. CATEGORY - H
KEYWORDS = PIPES, PARTICLES, SAMPLING

981
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NAME OR DESIGNATICN CF PROGRAM - EMERALC

COMPUTER FOR WHICH PROGRAM IS DESIGNEC AND OTHERS UPON WHICH
IT IS OPERABLE - IBM360/85

DESCRIPTICN OF PRCBLEM CR FUNCTION - THE EMERALD PROGRAM IS
DESIGNED FOR THE CALCULATICN CF RACIATICN RELEASES AND EXPOSURES
RESULTING FROM NORMAL AND ABNORMAL CPERATION CF A LARGE PRESSUR-
IZED WATER REACTCR. THE APPROACH USEC IN EMERALD IS SIMILAR TO
AN ANALOG SIMULATION OF A REAL SYSTEM. EACH CCMPONENT OR VCLUME
IN THE PLANT WHICH CONTAINS A RADIOACTIVE MATERIAL IS REPRESENTED
BY A SUBROLTINE, wWHICF KEEPS TRACK CF THF PRCCUCTION, TRANSFER,
DECAY AND ABSORPTION OF RADICACTIVITY IN THAT VCLUME. DURINC TKE
CCURSE OF THE ANALYSIS OF AN ACCICENT, ACTIVITY IS TRANSFERRED
FROM SUBROUTINE TC SUBROUTINE IN THE PRCCRAM AS IT WOULDC BE TRANS-
FERRED FROM PLACE TO PLACE IN THE PLANT. FOR EXAMPLE, IN THE
CALCULATICN CF THE DOSES RESULTING FROM A LCSS-OF-COOLANT ACCIDENT
THE PROGRAM FIRST CALCULATES THE ACTIVITY BUILT UP IN THE FUEL
BEFORE THE ACCIDENT, THEN RELEASES SOME OF THIS ACTIVITY TO THE
CONTAINMENT VOLUME. SCME CF THIS ACTIVITY IS THEN RELEASED TO THE
ATMOSPHERE. THE RATES OF TRANSFER, LEAKAGE, PRCDUCTICON, CLEANUP,
DECAY, AND RELEASE ARE READ IN AS INPUT TO THE PROGRAM. SUBRCU-
TINES ARE ALSO INCLUDEU WHICH CALCULATE THE CN-SITE ANC OFF-SITE
RADIAT ION EXPOSURES AT VARIOUS DISTANCES, FOR INDIVIDUAL ISCTCPES
AND SUMS OF ISOTCPES. THE PROGRAM CONTAINS A LIBRARY OF PFYSICAL
NDATA FOR THE TWENTY-FIVE ISOTCPES CF MCST INTEREST IN LICEANSING
CALCULATIONS, AND OTHER ISOTOPES CAN BE ADDED OR SLBSTITUTED.
BECAUSE OF THE FLEXIBLE NATURE CF THE SIMULATICN APPROACFH, TKE
EMERALD PROGRAM CAN BE USED FOR MOST CALCULATICNS INVCLVING THE
PRODUCTICN AND RELEASF CF RACIOACTIVE MATERIALS, INCLUDING DESIGN,
OPERATIONAL AND LICENSING STUDIES.

METHCD OF SCLUTICN - EXPLICIT SOLUTICNS OF FIRST-ORDER LINEAR DIF-
FERENTIAL EQUATIONS ARE INCLUDED. IN ADCITICAN, A SUERCUTINE IS
PROVIDED WHICH SOLVES A SET OF SIMLLTANEOUS LINEAR ALGEBRAIC EQUA-
TIONS.

RESTRICTIOUNS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA OF -
25 1SDTCPES
7 TIME PERIODS
15 VCLUMES CR CCMFCNENTS
10 DISTANCES

TYPICAL RUNNING TIME - LESS THAN A MINUTE IS REQLIRED TO RUN THE
SAMPLE PROBLEM,

UNUSUAL FEATURES OF THE PROGRAM - THE USF CF FORTRAN IV LANGUAGE,
MOCULAP DESIGN, GENFRIC VARIABLE NAMES, ANC EXTENSIVE INTERNAL
COMMENTS MAKES EMERALD EASILY ADAPTED TO THE USERS PARTICULAR
MCDELS AND PRCBLENMS.
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RELATED ANC AUXILIARY PROGRAMS - SUBROUTINE SIMQ, wHICH IS DOCU-
MENTED IN IBM SYSTEM 360 SCIENTIFIC SUBRCUTINE PACKAGE (360A-CM-
30X)y VERSION IIl, PRCGRAM MANUAL H2C-C2C5-3, IS INCLUDED.

STATUS - ABSTRACT FIRST CISTRIBUTEC CECEMBER 1973.
IBM360 VERSICN SUBMITTED MAY 1672, SAMPLE FRCLBLEM EXE-
CUTEC BY ACCe.

KEFERENCES - W. K. BRUNOT, ENERALD - A FRCGRAM FCR THE CALCULATICN
CF ACTIVITY RELEASES AND POTENTIAL COSFS FROM A PRESSURIZED WATER
RFACTOR PLANT, PACIFIC GAS ANC ELECTRIC CCMPANY, DCTORER 1971, AND
ERRATA AND ADDITIONS, MAY 31, 1972, AND DECEMBER 12, 1972.

EMERALD - A PRCCRAM FCR THE CALCULATION OF PWR RADIA-
TION DDSES, TRANSACTICNS NF THE AMERICAN ANUCLEBR SCCIETY, JUNE
1972.

MACHINE RFQUIREMENTS - 520K BYTES CN THE IEM 360/85
PRCGRAMMING LANGUACE USEC - FCRTRAN [V

OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
0S/7360.

ANY OTHER PROGRAMMING CR CPERATING INFORMATICN OR RESTRICTIONS -

NAME AND ESTABLISHMENT CF AUTKCR -
We K. BRUNCGT
MECHANICAL ANC NUCLEAR ENGINEERING DEPARTMENT
PACIFIC GAS AND ELECTRIC COMPEANY
T BEALE 'STREEY
SAN FRANCISCC, CALIFCRNIAs 9410¢

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (3985 CARDS)
SAMPLE PROBLEMS (1337 CARDS)
CONTRCL INFORMATION (JCL 8 CARDS)
REFERENCE REPORT WITH ERRATA ANC ACCITICNS

CATEGORY - G
KEYWORDS - DCSE RATES, ACCICENTS, FISSICN FRCCUCTS, GAMMA
RADIATION, POWER PLANTS, RADIOCACTIVITY, FwR REACTCRS
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NAME OR DESIGNATION OF PROGRAM - GAMBI1T

COMPUTER FCR WHICH PRCGRAM IS CESIGNEC ANC CTHERS UPCN WHICK
IT IS NPERAELE - CDC6€CO

DESCRIPTICN CF PRCBLEM CR FUNCTICN - CAMBIT IS A PROCGRAM THAT WAS
DESIGNED TC CALCULATE MULTIGROUP NEUTRON CROSS SECTICNS IN THE
HIGH ENERGY ANC THE THERMAL ENERGY RANCES. [IT WAS CREATED BY
JOINING GAVM, WHICH DOES THE HIGH ENERCY CALCULATICAN, AND B1T,
WHICHF DOES THE THERMAL CALCULATINN.

METHOD OF SOLUTION - GAMBLT PRCVIDES BRCAC-GRCUP FLUX ANC CURRENT-
AVERAGED NEUTRON CRNOSS SECTIUNS. THEY ARE BASED CN A THERMAL
CROSS SECTICN LIRRARY CCANSISTING CF 99 FINE GROUPS (0-2.28 EV),
AND A FAST NEUTRON LTIBRARY CCNSISTING OF 68 FINE GRCLPS (0.414 EV
- 10 MEV, 1/4 LETHARGY INTERVALS). TFHE FLULXES AND CURRENTS
REQUIRFD TC CBTAIN THE BROAC-GRCUP CRCSS SECTICONS MAY BE CALCU-
LATED WITH GAMBLT OR MAY BE ENTERED INTO THE PRCGRAM. IN ADDI-
TICNy, A MAXWELLIAN SPECTRUM MAY BE USEL IN THE THERMAL RANGE. IF
THE FLUX TS CALCULATED, EITHER THE Bl CR Pl METHCCS CF SCLVINC TFE
TRANSPORT FEQUATION MAY BE USFD. IN EFFECT, THE STEADY-STATE
TRANSPORT EQUATICN IS SCLVEC FCR AN INFINITE MEDIUM PROBLEM. TKE
PROGRAM PRCVIDES CRNSS SECTIONS FCR A FULL F1 TRANSPCRT CALCULA-
TICN., CARCS ARE PUNCHED CUT IN A FORMAT SUITABLE FOR INPLT TC THE
ANISN AND COT DISCRETE-CRDINATES TRANSPCRT CCCES.

RESTRICTICNS CN THE COMPLEXITY OF THE PROBLFM - MAXIMA OF -
20 NUCLIDES PER PRCBLEM
32 GAM (FAST) BROAC ENERGY GROUPS
48 B1T (THERMAL) BRCADL ENERGY CRCUPS

TYPICAL RUNNING TIME - 5 MINUTES ARE REQUIRED FCR A TYPICAL PRCB-
LEM.

UNUSUAL. FEATURES OF THE PROGRAM - BIT SOLVES EQUATICAS IN THE
THERMAL ENERGY RANCE (0 LESS THAN DR EQUAL E LESS THAN OR EQUAL
2.38 EV) THAT ARE CCNSISTENT wWITH THE EQUATICANS SCLVED WITFIN TFE
GAM PROGRAM ANC COMPARABLE TC THOSF SOLVFD WITH THE GATHER PRC-
GRAM. B1T PROVIDES FLUXES ANC CUPREANTS AND INCLUCES BOTK PO AND
Pl SCATTERING MATRICES IN ITS CRCSS SECTICN LIBRARY. INITIAL FINE
ENERGY GROUP FLUXES ANC CURRENTS MAY BE OBTAINED FROM GAMBLT WHICH
CAN BE USEC IN ORTAINING BRCAC-GROUP CRQOSS SECTICANS. SUBSEQUENTLY
FINE-GROUP FLUXES AND CURRENTS OBTAINED FROM A TRANSPORT THECRY
CALCULATICN MAY BE INPUT TC CGAMRLT TO OBTAIN IMPROVED BROAPR-GROUP
CPOSS SECTIONS.

RELATED ANC AUXILIARY PRCGRAMS - GAM (ACC ABSTRACT 23), GATHER,
AND QUERY

STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMBER 1973.
CPC&HL00 VERSION SUBMITTEC MAY 1972.
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REFERENCES - G« CCLLIERy G. GIBSCN, Lo L. MORAN, R. K. DISNEY,
AND R. S. KAISER, SECOND VERSION OF THE GAMB1T CCDE,
WANL-TME-1S6G, NCVEMBER 1969.

We H. GRAY AND G. COLLIER, GAMBL1T USERS MANUAL,
WANL-TME-1751, FEBRUARY 1968.

Ge COLLIER ANC G. GIBSCN, GAMBLT PROGRAM, WANL-TME-
1752, APRIL 19¢é8.

Le Le MCRANy, G. COLLTER, A. S. JOKNSTON, AND
Ge GIBSON, THERMAL RANGE LIBRARY FOR GAMBIT PROGRAM, WANL-TME=-
1830, JULY 16Gé€8.

Ge. CCLLIER ANC L. L. MCRAN, UTILITY PROGRAMS FOR
GAMBL1T THERMAL RANGE LIBRARY, WANL-TME-1970, CCTCRER 1969.

G. COLLIERy S. A. FODY, G. GIBSCNy, AND L. L. MORAN,
NEW CROSS SECTIONS FOR THE GAMBIT LIBRARY, TAPES FSGAM24 ANC
CCBIT11, WANL-TME-1965, OCTOBER 19¢€S.

S. A. FCDYy G. GIBSONy, N. A. NICE, AND J. L. WYTIAZ,
NEW CROSS SECTIONS FOR THE GAMRLT LIBRARY, TAPES FSCAM29 AND
CGBIT15, WANL-TME-269C, APRIL 1970.

MACHINE REQUIREMENTS - 64K MEMCRY ANLC 8 TAPES
PROGRAMMING LANGUAGE USEC - FORTRAN IV

OPERATING SYSTEM OR MONITOR LNDER WHICH PRCGRAM IS EXECUTEC -
SCCPE 3.0.

ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTICNS -
OPTIONS INCLUDED IN THE SECONC VERSION OF GAMB1T ARE -
(A) THE FLUX AND CURRENT SPECTRUM CALCULATED IN A PRECECING
PRCBLEM MAY BE REUSED IN A SUBSEQUENT STACKECD PRCBLEM
WITHCUT RECALCULATICN, .
(B) CRCSS SECTION DATA IN THE EXTERMINATCR2 (ACC ABSTRACT 156)
TWO-CIMENSIONAL DIFFUSION THEORY CODE FCRMAT CAN BE PRO-
DUCED,
(C) THE TOTAL ELASTIC SCATTERING CROSS SECTICN INCLUDING THE
ANISOTROPIC SCATTERING EFFECT IN THE CENTER-OF-MASS SYSTEM
IS CALCULATED IN THE APPRCPCS DATA PREPARATICN CCDE FCR-
MAT, AND
(D) ALL CUTPUT MAY BE PROCUCEC ON EITHER CARDS OR MAGNETIC
TAPE OR BOTH. ALL CRCSS SECTICN SETS THAT ARE PUNCFHEC
ANC/0OR PUT ON TAPE ARE PRINTED.
GAMBIT IS CF LIMITED USE TO CTHER THAN CCC6600 INSTALLATIONS
BECAUSE THE LIBRARY TAPES ARE IN CDCE€0C BINARY FCRMAT NCT REACILY
ACAPTED TO OTHER MACKINES.

NAME AND ESTABLISHMENT OF AUTHCRS -
C. GIBSCN
WESTINGHOUSE ELECTRIC CCRFCRATICN
ADVANCED REACTOR DIVISICN
WALTZ MILL SITE
P. 0. BOX 158
MACISON, PENNSYLVANIA 15¢€63
G. CCLLIER
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NAME AND ESTABLISHMENT OF AUTHOR(S) (CONTINUED)
WESTINGHOUSE ELECTRIC CCRPCRATION
NUCLEAR ENERGY SYSTEMS
P. C. BOX 355
PITTSBURGH, PENNSYLVANIA 15230

15

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL (5 TAPES)

SOURCE CECK (4992 CARDS)

SAMPLE PROBLEM (28 CARDS)

CONTROL INFCRMATICN (15 CARCS)

LIBRARIES (TAPE 2 - GAM LIBRARY 752 BINARY RECORCS, TAPE 3 -
B1T LIBRARY 27¢€1 BINARY RECORDS, TAPE 4 - QUERY
LIBRARY 27 BINARY RECCRCS, TAPES - GAS LIBRARY 1754
BINARY RECORDS)

REFERENCE REPCRTS, ALL EXCEPT WANL-TME-1751 WHICH IS AVAILABLE

ONLY ON MICROFICHE

17. CATEGORY - B
KEYWCRDS - MULTIGRCUP CROSS SECTICNS, FAST SPECTRA, THERMAL
SPECTRA, GAM CODES, B1T CCDESy GATHER CCCES, CQUERY
CODES, ANISN CODES, DOT CODES, EXTERMINATCR2 CODES,
APPRCPCS CCLES
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NAME OR DESIGNATION OF PROGRAM - CEBLG

COMPUTER FCR WHICH PRCGRAM IS CESICNEC ANC OTFHERS UPCN WHICH
IT IS NPERPELE - COC64CC,660C,7€0C

DESCRIPTICN OF PRCBLEM OR FUNCTICN - THE TRANSIENT FYCRAULIC
BEHAVIOR OF THE SODIUM IN A SODIUM-HEATED STEAM GENERATCR IN WHICH
A SCDIUM-WATER REACTICN CCCURS DUE TO A LARGF WATER LEAK IS CAL-
CULATED FOR FLOWS IN LP TO THREE CIMENSICAS.

METHOD OF SOLUTICN - THE MFTHOC OF FINITE ELEMENTS IS USED TC CAL-
CULATE THE PRESSURES IN THE MULTI-DINMENSICANAL PUPBLE GRCWTFH
REGICN.

RESTRICTICAS ON THE CCMPLEXITY CF THE PRCBLEM - MAXIMA CF -
140 ELEMENTS IN 3-C REGION (INCLUDING TRANSITICN ELEMENTS)
30 CHAMNELS
30 CHANNEL NODES
5 TRANSITION ELEMENTS
1 COVER GAS SPACE
29 CCNNECTIONS TO FINITE ELEMENTS FCR EACH TRANSITICN ELEMENT
4 CCNNECTICNS TC CHANNELS FOR EACK TRANSITICN ELEMENT
200 TIME-STEPS SAVEC IN PLCT CUTPUT ARRAY
IN GENERAL, THE FOLLOWING ASSLMPTIONS ALSC APFLY -
A SINCLE WATER LEAK CCCURS INSTANTANECUSLY.
THE CHFEMICAL REACTION IS INSTANTANEOUS.
ALL WATFR REACTS TC FCRM NA20 ANC F2 AT 1800 CEGREES F.
THE HYDROGEN BUBBLE EXPANCS ISCTHERMALLY.
THE SCDIUM IS INCOMPRESSIBLF.
THF STEAM GENERATCR DCFS NCT DEFCRM.
THE ANALYSIS STOPS WHEN THE FYDRCGEMN BUBRLE REACHES A COVER
GAS SPACE DR COMPLETELY FILLS A FLOW CHANNEL.

»

TYPICAL RUNNING TIME = THIS IS HIGHLY FRCBLEM CEFENCENT. TFHE SAM-
PLE PRCBLEM WITH 130 FINITE ELEMENTS, 1 TRANSITION ELEMENT, AND 1
CHANNEL IS USEC AS AN EXAMPLE. THIS WAS A 5-TUBE LEAK WHICH TOOK
0.39 SECONDS FOR THE HYDROGEN BURBLE TC REACH THE TEANSITICON
ELEMENT .

COMPUTER CPU TIME

6400 435 SECCNDS
6600 188 SECCNDS
7600 20 SFCCNDS

UNUSUAL FEATURES CF THF PROGRAM -

(A) LEAK RATE - USER SPECIFICATICN OF WATER LEAK RATE ALLCWS
ANY DESIRED SITUATION TN BE MCDELEN (ALL LEAKS MUST BE IN
CNE FINITE ELEMENT). ANY AXTAL ANC RACIAL LOCATION OF THE
LEAK IS POSSIBLE. BACK PRESSURE EFFECTS ON THE LEAK RATE
ARE CALCULATED AUTOMATICALLY.

(B) MODEL - UP TO 3 CIMENSICNS MAY BE MCCELEC IN THE FINITE
ELEMENT REGION. ONE-DIMENSIONAL LUMPED-PARAMETER CHANNELS
MAY BF USED TC MODEL REMAINDER OF SYSTEM. A COVER GAS MAY
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T.

10.

11.

12.

13

14.

l16.

=o= 02/74

UNUSUAL FFATURES NOF THE PRUGRAM (CONTINUED)
BE MOCELFC. FCRMy, FRICTIONAL, AND INERTIAL FLOW
RFSISTANCES MAY BE USED.

(C) PRESSURF RELIEF SYSTEM - TRIGGERED BY PRESSURE ABOVE USER-
SET THRESHOLD. TwWC-CCMPONENT CCMPRESSIBLE FLOW IS
MOCELED.

(D) GFNERAL - ANY L/D STEAM GENERATOR MAY BE MODELED. BUBBLE
PRESSURF, SODIUM PRESSURE ANC SCCIUM FLCW TFRCUGHCUT TFE
SYSTEM AKE CALCULATED. RELIEF SYSTEM FLCh AND MATERIAL
INVENTCRY ARE CALCULATECL. SELECTED PRESSURES ANC FLOWS
APE RFTAINED FOR AN AUTCMATED FLCTTING PACKACE.

RELATED ANC AUXILIARY FRCGRAMS - THIS PRCCRAM IS A MAJDR EXTENSION
OF THE APDA PROGRAM BUG3. A PLCTTING FACKAGE SPECIFIC TC C-E IS
CALLED BY CEPUG. A DUMMY SUBROUTINE, GRAPH, IS FRCVIDED IN PLACE
OF IT ANC CAN BE RFPLACEC BY A LCCAL ECUIVALENT WITF APPROPRIATE

CALLS.

STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMBER 1973,
CDC 7600 VERSION SUBMITTED JUNE 1673.

REFERENCES - P. K. DCHERTY ANL C. W. STUTEVILLE, CEBUG - A COCE
FOR STEAM CENERATNR SCODIUM-WATER REACTICN ANALYSIS, CEND-368,
NDECEVMBER 21, 1972.

P. K. DCHERTY, PCCUBLE PRECISICN VERSICN CF CEBUG,
CEND NOTE, MAY 17, 1973.

MACHINE REQUIREMENTS - 21,000 WORC MEMCRY (CCC6400,6€¢00), 17,000
WORD MEMNDRY (CDC7€00)

PKOGRAMMING LANGUAGE USEC - ANSI FCRTRAN 1V

CPERATING SYSTEM CR MCNITCR UNDERP WHICKH PRCGRAM 1S EXECUTED -
SCOPF 3.3 (CDC6400,6600), SCCPE 2.0 (CCC7600).

ANY CTHER PROGRAMMING CR OPERATING INFORMATICN OR RESTRICTIONS -
FOR COMPUTERS WITH WORD LENGTH LESS THAN 60 BITS, COUBLE PRECISION
MAY BE NECESSARY. SEE REFERENCE CON DOUBLE PRECISICN USE WITH
CEBUG.

NAME AND ESTABLISHMENT OF AUTHCRS -
P. K. DCHERTY AND Co We STUTEVILLE
COMBUSTION ENGINEERINC, INC.
1000 FRCSPECT KILL ROAD
WINDSCR,y CCNNECTICUT 06095

MATERIAL AVAILABLE -
SOURCE CECK (1299 CARCS)
SAMPLF PROBLEM (14& CARDS)
REFERFNCE REPCRT ANC NOTE

CATEGORY - G
KEYWORNS - FINITE ELEMENT, STEAM GENERATOR, LEAKAGE, WATER,
SODTUM, SCDIUM-WATER REACTICA
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NAME OR DESIGNATICN CF PRCGRAM - BIGCEAL

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WHICH
IT IS DPERABLE - CDC1604

NESCRIPTION OF PROBLEM OR FUNCTION - BIGDEAL IS USED TO (1) CAL-
CULATE THE MAXIMUM TEMPERATURES OF A SPENT YANKEE ATOMIC TYPE
POWER REACTOR FUEL ASSEMBLY (36 0.305-IN. -0D BY 102-IN. = LCNC
STAINLESS STEEL FUEL RODS ON 0.422-IN. CENTERS) DURING SHEAR-LEACH
PROCESSINGy AND (2) CALCULATE PRESSURE BUILCUP WITKIN A BATCH DIS~-
SOLVER AS THE HOT FUEL IS QUENCHED BY COLD NITRIC ACID IN PREPARA-
TICN FOR ACUECUS PROCESSING. TFE FOLLOWING FIVE CASES, RELATED

TO THE UNIT OPERATIONS NF SHEAR-LEACH, MAY BE INVESTIGATEC -

(1) FUEL SUBASSEMBLY SUSPENDED VERTICALLY IN WATER, (2) SUBASSENM-
BLY SUSPENDED HCRIZCNTALLY IN AIR, (2) SUBASSEMBLY CONTAINEC WITH-
IN THE SHEAR FEED ENVELOPE, (4) 16é6 5-, 7-3/4-, OR 10-IN. ID BAS-
KETS OF SHEARFD FUEL STORED IN A 4 X 4 ARRAY CN 12-IN. CENTERS,
AND (5) LEACHKING OF 6 BASKETS IN A BATCH CISSCLVFR,

METKCD OF SOLUTION -

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - TEMPERATURES ARE

CALCULATED OVER A RANCE OF BURNUPS FRCOM 8000 TC 50,000 MWD/METRIC
TON (U), SPECIFIC PCWER FRCM 10 TO 70 WATTS PER CRAM CF URANIUM,

AND DECAY TIMES FROM 180 TO 108C DAYS.

TYPICAL RUANNING TIME -

UNUSUAL FEATURES CF THE PRCGRAM -

RELATED AND AUXILIARY PROGRAMS -

STATUS - ARSTRACT FIRST CISTRIBUTEC CECEMBER 1573.
CDC1604 VERSICON SUBMITTED JUNE 1672.

REFERENCES - G. E. ABRAHAM I1 ANC B. C. FINNEY, CALCULATEC MAXIMUM
TFMPERATURES OF SPENT YANKFEE ATOMIC TYPE PCWER REACTCR FUEL DURING
SHEAR-LEACKH PRCCESSINGy CRNL-3548, NOVEMBER 19G¢6.

MACHINE RECUIREMENTS -
PPOGRAMMING LANGUAGF USED - FCRTRAN 63
OPFRATING SYSTEM DR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
ANY OTHFR PRUGRAMMING CR OPERATING INFCRMATICN OF RESTRICTIONS -
NAME AND ESTABLISHMENT 0OF AUTHCRS -

G. E. ABRAHAM II AND B. C. FINNEY

CHEMICAL TECHNOLOGY CIVISICN

CAK RIDGE NATIONAL LABCRATORY

P. 0. BOX X
CAK RINGE, TENNESSEE 137830
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16. MATERIAL AVAILABLE -
SCURCE CECK (652 CARDS)
SAMPLE PROBLEM (122 CARDS)
SAMPLE PROBLEM OUTPUT (1 PAGE)
REFERENCE REPCRT

17+ ) CATECERYF =110
KEYWORDS - FUEL ELEMENTS, TEMPERATURES, PCWER REACTORS
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NAME OR DESIGNATICN CF PROGRAM - REXCO-+ (RELEASE 1)

COMPUTER FCR WHICH PROGRAM [S DESIGNED AND OTHERS UPCN WHICH
IT 1S NPERARLE - [BM360/195

DESCRIPTION OF PROBLEM OR FUNCTION - REXCO-H CALCULATES THE TwO-
DIMENSICNAL HYDRCDYNAMIC RESPONSE OF PRIMARY REACTOR CONTAINMEANT
TO A HIGH-ENERGY EXCURSICN.

METHECD CF SOLUTICN - ECUATICN OF HYDRODYNAMICS AND EQULATION OF
STATF OF RFACTOR MATERIALS ARE EXPRESSEC IN LACRANCIAN FCRM AND
SET INTO FINITE-DIFFERENCE EQUATIONS. SHCCK DISCCATINUITIES ARE
FLIMINATED RY THE USE CF THE VON NEUMANN-R ICHTMYER PSEUDOVISCOS-
ITY FACTCRy C. PROPAGATION CF SHCCK WAVES, LCACS IMPOSEC CN
DIFFFRENT PARTS OF THE REACTCR COMPONENTS, AND THE RESULTING
DAMAGE ARE DFTERMINED AT EVERY TIME-STEP, UNTIL THE VESSEL
RUPTURES OR THE FORCE ACTING ON THE SHIELD PLUG EXCEEDS THE
STRENGTH OF THE PLUG FCLODCWN DEVICE. CALCULATED DISPLACEMENTS
AND PRESSURES AT ALL SPATIAL PCINTS AT ANY INSTANT CF TIME ALSC
ARE GIVEN IN PICTORIAL FORM,

RESTRICTICNS CN THE CCMPLEXITY CF THE PRCBLEM - MAXIMA OF -
3000 GRIC ZONES
1000 CYCLES PER RUN, IF CALCOMP CISPLAY IS REQUIRED
20 MATERIALS
20 SECTIONS
10 REACTCR VESSELS
50 POINTS FOR STRESS-STRAIN TABLE FOR REACTOR MATERIAL

TYPICAL RUNNING TIME - THE SAMPLE PRCRLEM REQUIRES ABOUT 1.5
MINUTES FOR 100 CYCLES.

UNUSUAL FFATURES CF THE PROGRAM - THE REACTOR VESSELS IN TKIS
PROGRAM ARE TREATED AS THIN SHELL STRLCTURES.

RFELATED ANC AUXILTARY FRCGRAMS - PLCT2C (ACC ARSTRACT 544)

STATUS - ABSTRACT FIRST CISTRIBLTED CECEMBER 1672.
IBM360 VERSICN SUBMITTED CCTCRER 1973, SAMPLF PROBLEM
EXECLTED BRY ACC.

REFERENCES - Y. We CHANG, J. GVILCYS, ANC S. k. FISTECIS, ThO-
CIMENS IONAL HYDRODYNAMICS ANALYSIS FCR PRIMARY CONTAINMENT, ANL-
7498, NCVEMBFR 1969.

Yo We CHANG, J. GVILCYS ANC S. F. FISTECIS,
HKYDRODYNAMIC RESPONSE UF PRIMARY REACTOR CCNTAINMENT TC HIGH-
ENERGY EXCURSICN, MUCL. ENG. CESIGN VOL. 12, PP. 344-360 (1570).

Y. we CHANG ANC J. GVILCYS, CYNAMIC RESFCASE CF
REACTOR CONTAINMENT TO HIGH-ENERGY EXCURSION, PRCC. THE 1ST INTL.
CONF. CN STRUCTURAL MECHANICS IN REACTCR TECHNOLOGY, BERLIN,
GERMANY (1571).

Jeo VCN NEUMANN ANC R. C. RICHTMYER, A METHOD OF THE
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10.

11.

12.

13.

16.

17.

=2 C2/14

REFERFNCES (CONTINUFD)
NUMERICAL CALCULATICN CF HYDROCYNAMIC SHOCKS, J. APP. PHYSICS,

VOL. 21(3), PP. 232-237 (155C).
J. E. ASH AND R. T. JULKE, COMPARISON OF A TwO-
DIMENSIONAL HYCRCDYNAMICS COCE (REXCC) TC EXCURSION REACTOR
CONTAINMENT, ANL-7911, JANUARY 1972.
J. F. ASFy Yo Wo CHANG, AND R. T. JULKE, CCMPARISCN
OF A TWO-DIMENSIONAL HYDROCYNAMIC CCCE (REXCC) TO EXCURS ION
FXPERIMENTS FOR FAST REACTOR CONTAINMENT, ANL-7911, SUPPL. 1, JULY

1¢72.

MACHINE REQUIREMENTS - SCOK BYTES OF CORE, TWC 9-TRACK TAPE UNITS,
NNE 7-TRACK TAPE UNIT, IBM 2280 FILM RECORDER, CALCOMP 780

PLOTTER.
PKCGRAMMING LANGUACE USEC - FCRTRAN [V

OPERATING SYSTEM DR MONITOR UNDER WHICH PRCGRAM [S EXECUTED -

TO EXECUTE THE PICTCRIAL DISPLAY, THE PROGRAM USES THE ANL SYSTEM
INSTALLATICN SUBROUTINES CESCRIBED IN ANL-AMD TECHKNICAL MEMCRANCUM
NO. 167, A FILM-PLOTTING SUBROUTINE PACKAGCE (FSP) FOR THE 2280
FILM RECCRCER, BY D. CARSCN, JUNE 17, 1968, ANC TO EXECUTE TFkE
CALCOMP PLCTS, THE PRCGRAM USES THF SUBRUUTINES DESCRIBED IN ANL-
AMD TECHNICAL MENCRANDUM NO. 130, S/36C PROGRAMMING TECHNIQUES FCR
THE CALCCMP 78C, BY R. F. KRUPP, JANLARY 6, 1967.

ANY OTHER PROGRAMMING CR CPERATING INFORMATICN OR RESTRICTIONS -

NAME AND FESTABLISHMENT OF AUTHORS -
Y. We CHANGy Jo. GVILCYS, AND S. H. FISTEDIS
REACTOR ANALYSIS ANC SAFETY CIVISION
ARGONNE NATIONAL LABORATCRY
9700 S. CASS AVENUE
ARGUNNE, TLLINCIS €C435

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECKS (2440 CARDS)
SAMPLE PROBLEM (300 CARDS)
CCNTROL INFORMATICAN (JCL 18 CARCS)
SAMPLE PRCBLEM OUTPLT (59 SELECTEC PAGES)
REFERENCE REPCRT, ANL-7498

CATEGORY = F
KEYWNRDS - 2-DIMENSICONAL, CONTAINMENT, EXCURSICNS, HYDRUDYNAMICS,
REACTCR SAFETY, FAST REACTCRS, FLCT3C CCCES
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1. NAME DR DESIGNATICN CF PRCGFAM - MCXY/MCC1

2. COMPUTER FCR WHICH PRCGRAM IS CESIGNEC ANC CTHERS LPCN WHICH
JT IS NPERABLE - 1BM360, UNIVAC1108

3, NESCRIPTICAN CF PPCBLEM OR FUNCTION - MOXY COMPLTES HEAT TRANSFER
IN A BOILING WATER PEACTCR FUEL ELEMEAT. CONCUCTION, CONVECTION,
ANC RADIATION MONES NF HEAT TRANSFER ARE CONSICERED, AS WELL AS
HEAT ADCITICN BY METAL-WATER REACTICAN. CCNVECTION HEAT TRANSFER
COEFFICIENTS ARE INPUT AS TABULAR FUMTICNS CF TIME.

4, FETHCND CF SCLUTICAN - AN IMPLICIT NUMERICAL SCLUTION COF THE ONE-
CIMENSICNAL FOURIEFR HEAT CONCUCTICN FCUATICN IS USEC.

5. PESTRICTICANS CN THE CCMPLEXITY CF THE PRCBLEM -

6. TYPICAL RUNNING TIME - APPROXIMATELY 4 MINUTES PER T7CO-SECCAND
TRANSIENT ARE REQUIREC CN THE [BM360.

7. UNUSUAL FEATURES OF THE PROGRAM - MOXY ALLCWS THE USE OF FAIRLY
LARGE TIME-STEPS (GREATER THAN 1 SECCANC).

B. RELATED ANC AUXILIARY FRCGRAMS -

9. STATUS - ABSTRACT FIRST DISTRIBLTEC CECEVMBER 1673,
IEM360 VERSICN SUBMITTEC JUNE 1672, SAMPLE PROBLEM EXE-
CUTEC BY ACC.
UNTVAC1108 VERSICN SLBMITTED JUNE 1672.

10. FEFERENCES - D. R. EVANS, MOXY, A CICITAL OOMPUTER CODE FOR CORE
HEAT TRANSFER ANALYSIS, IN-1362, AUGLST 1S70.
MCXY/MCDOO1%01/04/71%MRE COCE DESCRIPTICN, AERCJET
NCTE, 1972.

l1. MACKINE REQUIREMENTS - 125K BYTES OF CORE
12. PROGRAMMING LANGUAGE USECD - FCRTRAN IV

13. OPERATING SYSTEM CR MCNITCOR UNDER WHICK FRCGRAM IS EXECUTEC -
0S/360 (IBM3EO).

13, CPERATING SYSTEM CR MLNITCR UNCER WHICK PRCGRAM IS EXECUTEC -

14, ANY CTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTICAS -
MOXY READS THE RADIATICN MATRIX FROM A CIRECT ACCESS STORAGE
DEVICE.

15. NANE AND ESTABLISHMENT CF AUTHOR -
D. R. EVANS
AEROJET NUCLEAR COMPANY
P. C. BCX 1845
IDAHO FALLS, IDAHC 83401
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MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECKS (MOXY 36C-9CC CARDS, 11C8-1412 CARDS, BLCCK DATA
PRUGRAM 360-697 CARCS)
SAMPLE PRCBLEMS (3€C-4S CARDS, 1108-4¢ CARCS)
CCNTROL INFORMATION (JCL 3€0-36 CARDS)
LCAC MOCULF L.ELSMOXY (360-93 BLCCKS)
SAMPLE PRCBLEM QOUTPUT (30 SELECTEC FPAGES)
REFERENCE REPORT ANC NCTE

CATECORY - H
KEYWURDS - HEAT TRANSFER, BWR REACTORS, FUEL ELEMENTS, ZIRCCONIUM
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NAME OR DESIGNATION OF PROGRAM - PwR-PPM

COMPUTER FOR WHICH PRCGRAM IS CESICNEC ANC CTHERS UPCN WKICH
IT IS NPERABLE - CDC60QC0 SERIES

DESCRIPTION OF PROBLEFM CR FUNCTION - PWR-FPM GENERATES BORATION-
DILUTION TABLES USED BY THE REACTOR OPERATCR CF A PwR. THE CCM-
PUTER PRINTEC TABLES PLCT INITIAL ANC FINAL REACTOR COOLANT SYSTEM
BORON CONCENTRATICN IN UNITS OF PPM BCRCN AGAINST THE GALLCNS CF
MAKEUP WATER AND BORIC ACID SOLUTICN REQUIRED TO CBTAIN THE
DESIRED PPM CHANGE. THESE TABLES REPLACE NCMCGRAPKS NORMALLY
REQUIRED FCR BORATION AND DILUTION OPERATICNS.

METHOD OF SOLUTICN - PWR-PPM UTILIZES THE EXPLICIT SCLUTICN OF THE
SINCLE SYSTEM DILUTION AND BORATION ECLATIONS AND LINEAR INTERPC-
LATION OF THE CCMPRESSED LICUIC TABLFS.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE TEMPERATURE
BETWEEN ANC INCLUCING 100 CECREES F. TO 600 DEGREES F. AND THE
PRESSURE BETWEEN AND INCLUDING 200 PSIG TC 6000 PSIG.

TYPICAL RUNNING TIME - RUNNINC TIME USUALLY DCES NOT EXCEED S
SECONDS.

UNUSUAL FEATURES CF THE FRCGRAM - CANLY FIVE INPUT PARAMETERS ARE
REQUIRFD -

(1) WEICHT PER CENT CF BCFRIC SOLUTION IN MAKE-UP STEAM,

(2) VCLUME OF THE REACTOR COOLANT SYSTEM,

(3) TEMPFRATURE OF THE REACTCR CCOLANT SYSTEN,

(4) PRESSURE CF THE REACTCR COCLANT SYSTEM, AND

(5) TITLE CARD.

RELATED ANC AUXIL IARY PROGRAMS -

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMEER 1973.
CCC6400 VERSICN SUBMITTEDC JUNE 1S572.

REFERENCF - J. H. KEENAN AND F. G. KEYES, THERMOCYANAFMIC FROPERTIES
CF STFAM, WILEY AND SCAS, INC., NEW YORK, 15967.

MACHINE RECUTREMENTS -
PRCGRAMMING LANGUACGE USEC - FCRTRAN IV

CPERATING SYSTEM OF MUNITOR LANDER WHICH PRCGRAM IS EXECUTED -
KPCNCS SCOPF 3.3.

ANY CTHER FROGRAMMING OR OPERATING INFCRMATICN OR RESTRICTIONS -
THE PROGRAM WILL CCMPUTE A SET CF BCRATICN-CETECTION TABLES FOR
EACH SET OF PRESSURE AND TEMPERATURE DATA INPUT.
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15. NAME AND ESTABLISHMENT CF AUTHCRS -
Re L. JAWORSKI AND V. I. SWISHER
FCRT CALHCUN NUCLEAR STATION
OMAHA PUBLIC POWER CISTRICT
1623 HARNEY STREET
CMAHA, NERRASKA 68102

16. MATERIAL AVAILABLE -
SOURCE CECK (250 CARDS)
SAMPLE FROBLEM (5 CARDS)
SAMPLE PROBLEM OUTPUT (2 SELECTED PAGES)

17. CATEGODRY - H
KEYWORDS - NPERATIUN, PWR RFACTDRS, CCCLANTS, BORCA
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MAME OR DESIGNATION OF PRCGERAM - U3R

CUMPUTER FCR WHICKF PRCLCRAM IS CESICNEC ANC CTHERS UPCN WKICH
IT IS DPEKABLE - IBM3€C,37C

NESCRIPTICN CF PRCBLEM CR FUNCTION - U3R NUMERICALLY CONSTRUCTS A
TABLE NF THE CUMULATIVE PROBABILITY DISTRIBUTICN FUNCTIONS CF
UNRFSULVED RESONANCF CROSS SECTIONS IN A NARRCW ENERGY RANGE.

METHOD OF SOLUTION - THE PRCCEDURE IS:

A) T0O GENFRATE A LADDER OF RFSOLVED RESUNANCES CVER THE ENERGY
FANGE USING PRESCRIBFC AVERAGFE VALUES ANC CISTRIBUTION
FUNCTICNS OF RESONANCE PARAMETEFRSS

) TC CALCULATE CCPPLER-BROACENEC PCINT CROSS SFCTIONS FOR THE
LADDER 3

C) TO PISTRIBUTE THF POINT CROSS SFCTIONS wWITH THEIP PROB-
ABILITIES (FRACTICNAL ENERGY INCREMENTS) INTO A TAHLE.

ACCITIONAL LADDPERS ARE ACCUMLLATED INTO THE TABLE UNTIL THE

PESIRED ACCURACY CF TAEBLE ENTRIES IS OBTAINED. THUS, POINTWISE

CROSS SECTION DATA WHICH ARE PROPERTIES CF THE INCIVICUAL

ISCTOPESy, RATHER THAN GROUP AVERAGE SETS ARE CBTAINEC.

RESTRICTICAS CN THE CCMPLEXITY CF THE PRCOBLEM - MAXIMA OF -
20 UNRESCLVED RESONANCE (LyJ) SERIES
4 TEMFERATURES
1CO LADDERS
UNLIMITEC ENERCIES
96 AS THF TABLE LENGTH

TYPICAL RUNNING TIME - 1 MINUTE PER ENERGY PCINT IS REQUIRED FOR
A NON-FISSILF PRCBLEM ANC 5 MINUTES FER ENERCY POUINT FOR A FISSILE
PFOBLEM,

UNUSUAL FEATURES CF THE FRCGRAM - U3R PRCVIDES POINTWISE UNRE-
SOLVED RESCNANCE CROSS SECTICN DATA IN A HIGHLY COMPACT FCRM.

RELATEN ANC AUXILIARY PRCGRAMS - A SINGLE-PRECISION VERSION OF THE
CODF WAS PRODUCED FOR THE CCCéé€0C.

STATUS - ARSTRACT FIRST DISTRIBUTEC CECEMBER 1573.
IRM350 VEKSION SUBMITTED JUNE 1§72, SAMPLE PROBLEM EXE-
CUTEDC BY ACC.

REFERENCES - J. M, OTTER, R. Co. LEWIS, AND L. B. LEVITT, U3R, A
CCDE TO CALCULATE UNRESCLVED RESONANCE CRCSS SECTICN PROBABILITY
TABLFS, AI-AFC-13024, JULY 31, 1972.

INTERNAL SORT, NORTH AMERICAN RCCKWELL CCRPCRATICN
AEROSPACE ANC SYSTEMS GRCUP ENGINEER'S CCMPUTING MANUAL EXCERPT,
DECEMRFR R, 1G¢£S,

MACHINE RECUIREMENTS - 470K MEMORY (CCUBLE PRECISION)



998

ACC ABSTRACT 5§53 -=

12.

13.

14.

15.

16.

17.
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PFOGRAMMINGC LANGUACES USED - FORTRAN [V, ASSEMBLY LANGUAGE RANDCM
NUMBER GENERATOR

OPERATING SYSTEM OR MUNITOR UNDER WHICH PROGRAM IS EXECUTED -
0S/3€0.

ANY OTHER PRCGRAMMINC CR OPERATING INFORMATICN OR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHCRS -
J. M. OTTERy R. Co LEWISy, AND Lo Be LEVITT
APPLIED PHYSICS UNIT
NUCLEAR ENGINEERING REPCRT UNIT
ATOMICS INTERNATIONAL
P. C. BOX 3CS
CANOGA PARK, CALIFORNIA S13C4

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE PECK (2148 CARDS)
SAMPLE FRCBLEM (12 CARCS)
CONTROL INFORMATION (JCL 14 CARDS)
REFERENCE REPORT ANC MANUAL EXCERPT

CATEGORY - A
KEYWORDS - PRUBABILITY TABLES, UNRESCLVED RESCNANCE CROSS SEC-
TICNS, INPUT CATA, ENCF/B, U228, U235, PU239
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NAME OR DESIGNATION OF PROGRAM - DISPER

COMPUTER FCR WHICH PROGRAM IS CESICNED AND OTHERS UPCN WHICH
IT 1S OPERABLE - CDC3€&CC,280C

DESCRIPTICN CF PRCBLEM CR FUNCTICN - CISPER CETERMINES THE AEROSOL
PARTICLE SCURCE STRENGTH OUTSIDE AN ENCLOSURE DUE TC A RELEASE OF
AERCSOL PARTICLES WITHIN THE ENCLOSURE. THE RELEASE IS ASSUMED TO
PPESSURIZE THE ENCLOSURE ANC THE AIRBCRNE FARTICLES ARE CARRIEC BY
THE ESCAPING GAS INTO LEAK PATHS IN THE ENCLOSURE WALLS. HERE,
THEY MAY BE DEPOSITED CN THE LEAK PATF WALLS CR REMAIN ENTRAINED
ANC ESCAPE FROM THE ENCLGSURE.

METHCD CF SOLUTICN - THE COCE CPERATES IN TWC MOCES = (1) PRESSURE
DEPENDENT, AND (2) PRESSURE INDEPENDENT. [IN THE PRESSURE CEPENC-
FNT MODE, THE NUMBER AND RADIUS OF THE LFAK PATHS ARE COMPUTED BY
THE CONE BASED ON AN ENCLOSURE LEAKAGE RATE AT A CGIVEN CVERFRES-
SURE AND A PAIR OF PRESSURE RESPONSE PARAMETERS. [IN THE PRESSURE
INDEPENDENT MCCE, THE CCMPLETE DESCRIPTICN OF THE LEAK PATHS IS
CODE INPUT. IN BOTH MODES, THE AFRCSCL PARTICLE SCURCE STRENCTH
AND SIZE DISTRIBUTIUN IS INPUT ALONG WITH PARAMETERS WHICH DETER-
MINE THE PRCBABILITY OF PARTICLES (1) ENTERING LEAK PATHS, AND
(2) BEING DEPOSITED IN THE LEAK PATHS. THKE PARTICLE SCURCE
STRENGTHy, ALCNG WITH THERMAL INPUT CCNSTANTS SPECIFYING THE
THERMAL EQLILIBRIUM IN THE ENCLCSURE, CETERMINE TFE ENCLCSURE
CVERPRESSURE AND RESULTANT LEAKAGE PATH GAS FLCw VELCCITY.

RESTRICTIONS ON THE CCMPLEXITY CF THE PRCBLEM - MAXIMUM CF -
20 LEAKAGE PATH SETS
»
TYPICAL RUNNING TIME - B SFCCNDS ARE RECUIRFD FOR EACH SCURCE
STRENGTH VALUE CUMPUTED IN THE PRESSURE DEPENDENT MCCE AND 5
SFCONDS IN THF PRESSURE INCEPENCENT MCCE.

UNUSUAL FEATURFS CF ThF PROGRAM -
KRELATED ANC AUXILIARY FRCGRAMNS =

STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMRER 1573,
COC3600 VFRSION SUBMITTED JULY 1972.

REFERENCES - D. C. HUNT, DISPER - AN AERCSCL PARTICLE TRANSPORT
CNDE, RFP-1855, SEPTEMBER 1572.

De Co HUNT, THE PROBABILITY CF HAZARDOUS ENVIRCNMEN-
TAL PLUTCNIUM RELEASES, RFP-1543, APRIL 14, 1671.

:ACHINE RECUIREMENTS - 13,CCC 48-BIT WORDS, NC TAPES, ALL CAFRD
NPUT

PKCGRAMMINC LANGUAGE USED - 26CC FCRTRAN
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13. (PFRATING SYSTEM OK MCNITOR LADER WHICH PFCGRAM 1S EXECUTEC -

NRUMSCOPE.

14 ANY OTHER PROGRAMMING CR OPFRATINC INFCRMATION OR RESTRICTICAS -
15. NAME ANC ESTABLISHFMENT CF AUTHCOR -

D. Co HUNT

COW CFEMICAL COMPANY

RCCKY FLATS CIVISION

P. O. BCXx gee

GCLDEN, CCLCRACO 80401

16. MATERIAL AVAILABLF -
SOURCE CECK (347 CARDS)
SAMPLE PFCBLEM (50 CARCS)
SAMPLE FRCBLEM OUTPUT (18 SELECTED PAGES)
REFERENCE REPCRTS

17. CATEGORY - G
KEYWORDS - PARTICLES, AEROSOLS, LEAKACE
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NAME OR DESIGNATION OF PROGRAM - PARET

COMPUTER FCF WHICKH PRCCRAM IS CESICNFC ANC CTHERS UPON WHICK
IT IS OPERABLE - IBM3¢€C

DESCRIPTICA CF PRCBLEM OR FUNCTION - THIS PROGRAM IS CESIGNED FOR
USE IN PRECICTING THE COURSE ANC CCASECUENCES CF NCNCESTRUCT IVE
REACTIVITY ACCIDENTS IN SMALL REACTOR CORES.

METHOD OF SOLUTION - THE ANALYSIS IS BASEC CN COUPLEC THERMAL,
HYDRODYNAMIC, ANC NUCLEAR EFFECTS IN THE CORE. THE MODEL CCASISTS
OF A WATER-CCOLED CORE WITH A MAXIMUM CF FCUR FUEL ELEMEANTS. THUS
THE CORE CAN BE DIVIDED INTU FOLR OR FEWER REGICANS, EACH HAVING
DIFFERFNT FOWER GENERATICN, COOLANT MASS FLOW RATE, HYDRAULIC
PARAMETERSy AND CTHFR ASSOCIATEC CCADITICANS, WITK EACK RECICN
REPRESENTEC EY A SINGLE FUEL PIN OR PLATE PLUS ITS ASSCCIATED
CCOLANT CHANNEL. A TRANSIENT PRCORLEM IS FCRCEC THROUGH
SPECIFICATINN OF EXTERNALLY INSERTED REACTIVITY VERSUS TIME, CR
AVERACE CCFE POWER VERSUS TIMF, THE PROGRAM EMBCDIES HEAT
TRANSFER CALCULATICNS, CCNTINUCUS REACTIVITY FEECBACK, AND
FYCRODYNAMIC CALCULATICNS ALLCWINC FCR CCCLANT FLCw REVERSAL.

HEAT TRANSFER [N EACH FUEL ELEMENT IS COMPLTED CN THE BASIS
OF A ONE-DIMENSIONAL CONDULCTICN SCLLTICN IN EACH OF UP TC A
MAXIMUM OF 20 AXIAL SECTIONS. LOCAL HEAT GENERATICN IS
CETERMINEN FROM THE CALCULATEC CR SPECIFIEC CCRE AVERAGE POWEFR
LEVEL AND SPATIAL WEIGHTING FACTCRS. PARET EMPLCYS EMPIRICAL
CCNVECTIVE HEAT TRANSFER CCRRELATIONS IN ESTIMATING THE RATE CF
HEAT TRANSFER AT THE CLAD-COOLANT INTERFACE.

THE FYDRNOYNAMICS CALCULATIONS ARE BASEC CN A CNE-DIMENSICNAL
MCOIFIED MCMENTUM INTEGRAL MCCEL IN WHICH EQUATICNS REPRESENTING
CONSERVATICN LAWS ARE SOLVEC IN EACK CCCLANT CHANNEL AT EACH TIME
NCOF. THE SOLUTIONS TG THESE EQUATICNS YIELD THE PRESSURE CRCP
ACROSS THE CCRE, AND THE PCINT=-WISE FLUID ENTHALPIES, PRESSURES,
ANC MASS FLOW RATES ALONG FACH CHANNEL. THE CCOLANT IS ALLCwWEC TO
RANGE FRCM SUBCOCLED LICUIC, THRNUGCK THE TwC-PHASE REGION, UP TC
AND INCLUDING SUPERHEATED STEAM,

RESTRICTICNS ON THE CCMPLEXITY OF THE PROBLEM -
THE PARET MCDEL IS SUBJECT TC SEVERAL RECCGNIZED LINMITATICNS WHICK
MAY LIMIT THE APPLICABILITY IN ANY SPECIFIC SITUATICAN, DEPENDING
CN THE NATURE OF THE TRANSIENT UNCER CONSIDERATION.  THE CODE
EMPLOYS STEADY-STATF HEAT TRANSFER CCRRELATICAS THRCUGKCUT,
PCSSIBLY REING UNREALISTIC IN CFRTAIN TRANSIENT SITUATIONS. ANY
COMPLETE DESCRIPTICN CF A SEVERE TRAANSIEAT MUST INCLUDE PROVISION
FOR SOME SCRT OF THERMAL OR HYDRAULIC CRISIS. PARET IS LIMITED
IN PREDICTING A THERMAL CRISIS BY THE FACT THFAT IT EMPLOYS A
STEADY-STATE CNB CORPELATION, SINCE ANC TRANSIENT CCRRELATICN WITFK
DEMCNSTRATED RELIABILITY WAS DEVELOPED. ACCLRATE DESCRIPTICA

OF HYDRAULIC INSTABILITY DEPENCS UPCN ACCURATE CALCULATION OF
TRANSIENT PRESSURE AND FLOW FLUCTULATICNS. PARET IS LIMITED IN
THIS RESPECT BECAUSE IT EMPLOYS AN INCOMPRESSIBLE MODEL AND A SIM-
PLIFIED VOID VOLUME GENERATICN ECUATICN. ALSC, THE MAGNITUCE OF
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5.

10.

15.

RESTRICTICNS ON THE COMPLEXITY OF THE PROBLEM (CCNTINUED)

LOCAL PRESSURES PREDICTEC TC ACCOMPANY CCCLANT EXPULSION IS
STRONGLY AFFECTED BY THE NUMBER OF AXIAL SECTICNS CHCSEN IN THE
CUMPUTATICNS. AS A RESULT, THE HYDRCCYNAMIC CUTPUT SHOULD BE
INTERPRETED AS A QUALITATIVE INDICATION OF A PCSSIBLE CRISIS
RATHER THAN A RELIABLE QUANTITATIVE PRECICTION.

THE PRINCIPAL UNCERTAINTIES IN THE CCCE LIE IN THE REALM CF
BOILING. THESE UNCERTAINTIES, COUPLED WITH THE FACT THAT
APPLICATICN CF THE CCDE TO BCILING SITUATICNS HAS NOT BEEN FULLY
VERIFIED, MAKE IT IMPERATIVE TC CCNSIDER THE ECILINC MCCEL TC BE
IN THE DEVELOPMENT STAGE.

PARET IS NOT APPLICABLE TC EITHER CESTRUCTIVE EXCURSIONS CR
SITUATIONS IN WHICH THERE IS A SPACE-TIME EFFECT IN NEUTRCN FLUX.

TYPICAL RUNNING TIME - THE SAMPLE PRCBLEM REQUIRES LESS THAN 22
SECONDS OF CPU TIME TO PROCESS 65 TIME-STEPS CN 4 CHANNELS.

LNUSUAL FEATURES CF THE FRCGFAM -

RELATED ANC AUXILIARY PROGRAMS - THIS CCDE IS AN EXTENSION OF THE
CHIC-KIN CCDE (ACC ABSTRACT R473).

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1673,
I BM360 VERSICN SUBMITTEC AUCGUST 1972, REPLACEC BY REVISED
VERSION MAY 1672, SAMPLE FRCBLEM EXECLTEC BY ACC.

REFERENCES - C. F. OBENCHAIN, PARET, A PRCGRAM FOR TFE ANALYSIS
0OF REACTOR TRANSIENTS, ID0O-17282, JANUARY 196S.

Je A. RECFIELC,y CHIC-KIN, A FCRTRAN PROGRAM FOR
INTERMEDIATE AND FAST TRANSIENTS IN A WATER-NCCERATEC REACTCR,
WAPD-TM-47G, JANUARY 1565,

CHANGE TC PARET PROGRAM, AERCJET NOTE, 1S72.

EXCERPTS FRCM NRTS ENVIRCAMENTAL SUBRCUTINE MANUAL,
CECEMBER 1672,

C. Jo SMITH AND W. A. CCCY, ANL CATE ROUTINE, ANL
SUBROUTINE DESCRIPTION Q054S, FEBRUARY 1G€E8.

MACHINE RECUIREMENTS - 240K BYTES PLUS CNE MAGNETIC TAPE
PRCCRAMMING LANGUAGES USED - FORTRAN IV AND BAL

OPERATING SYSTEM OR MONITOR LADER WHICH PRCGRAM IS EXECUTEC -
CS/360.

ANY OTHER PFOGRAMMING OR OPFRATING INFCRMATICN OR RESTRICTICNS -
SUBROUTINE INLK WAS CUMPILED WITH THE FORTH450 COMPILER WITH 640K.
THE NORMAL COMPILER CCULD NCT PROCESS CPT=Zz RECAUSE THIS ROUTINE
IS TOO LONC.

NAME ANC FSTABLISHMENT CF AUTHCR -
P. D. ADOLF
AEROJET NUCLEAR COMPANY
P. C. BCX 1R45
IDAHO FALLS, TIDAHO £34Cl
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1é. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECK (6771 CARDS)
OBJECT CECKS (2692 CARCS)
SAMPLE PRCBLEM (103 CARCS)
CCNTRCL INFORMATION (JCL 20 CARDS)
LIBRARY (62 BLCCKS CF VARIABLE-SIZED BINARY RECORCS)
SAMPLE PRCBLEM OUTPLT (38 SELECTEC PAGES)
REFERENCE REPCORT, I1CO-17282, ANC NOTES

17. CATEGORY - G
KEYWORDS - REACTIVITY ACCIDENTS, HEAT TRANSFER, HKYDRCDYNAMICS,
FEEDBACK, CHIC-KIN CCCES
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NAME OR DESICNATICN CF PROGRAM - KEELE

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WHICFH
IT 1S CPERARLE - IBM360

DESCRIPTION OF PROBLEM OR FUNCTION - KEELE IS A LINEARLY CCN-
STRAINED NCNLINEAR PRCGRAMMING ALGCRITHM FCR LOCATINC A LOCAL
MINIMUM OF A FUNCTION OF N VARIABLES wWITH THE VARIAELES SUBJECT TO
LINEAR EQUALITY AND/OR INEQUALITY CCNSTRAINTS.

METHOD OF SOLUTION - A VARIABLE METRIC FRCCECURE IS USEC WHERE TFE
DIRECTICN OF SEARCH AT EACH ITERATION IS CBTAINEC BY MULTIPLYING
THE NEGATIVE OF THE GRANDIENT VECTCR BY A PCSITIVE CEFINITE MATRIX
WHICH APPRCXIMATES THE [INVERSE OF THF MATRIX OF SECCAD PARTIAL
CERIVATIVES ASSCCIATEC WITH THE FUNCTION.

RESTRICTICNS ON THE COMPLEXITY OF THE PROBLEM - ARRAY DIMENSICNS
LIMIT THE NUMBER CF VARIABLES TO 20 ANC THE ANUMBER CF CONSTRAINTS
TC 0. THESE CAN BE CHANGEC BY THE LSER.

TYPICAL RUNNING TIME - TCTAL EXECUTICN TIME FCR THE FOUR EXAMPLES
IN THE REPCRT IS APPRCXIMATELY 10 SECCACS.

UNUSUAL FEATURES CF THF PROGRAM - ALL INPUT IS THRCLGH THE ARGU-
MENT LIST AND/OR THE CCMMCN BLCCK /PAMRWH/.

PELATEC ANC AUXILIARY PRCGRAMS - THIS PRCGRAM IS A MCDIFICATICN CF
THE CORRESPONDING PRCGRAM CESCRIPEC IN REFERENCF 2.

STATUS - ARSTRACT FIRST DISTRIBUTEC CECEMBER 1S72.
[RM360 VERSICN SUBMITTED AUGLST 1972, SAMPLE PRCBLEM EXE-
CUTED BY ACC.

FEFERENCES - Go. We WESTLEY, B LINEARLY CCNSTRAINEC NCNLINEAR PRC-
CKAMMING ALGORITHM, ORNL-4644, JANUARY 1S71.

Ge We WESTLEY ANC J. A. WATTS, THE COMPUTING TECH-
NOLOGY CENTER NUMERICAL ANALYSIS LIBRARY, CTC-39, 1970.

MACHINE RECUIREMENTS - 31K PBYTES
PRCGRAMMING LANGUAGE USED - FORTRAN IV

OPERATING SYSTEM CR MCNITOR UNCER WHICF PRCGRAM IS EXECUTEC -
FS/360.

ANY OTHER PROGFAMMING CR COPERATING INFCRMATICN OR RESTRICTIONS -
THREE SUBROUTINES MUST BE USER-SUPPLIFD. GRADNT DEFINES THE GRA-
DIENT OF THE RFSPCNSE SURFACE, CONSTR CEFINES THE CCANSTRAINTS ON
THE VARTABLES, AND FVAL CEEINES THE RESPONSE SURFACE.

NAME AND ESTABLISHMENT OF AUTHOR -
Ge he WESTLEY
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AAMF AND ESTABLISKMENT CF AUTHCRI(S) (CCNTINUEC)
MATHEMATICS DIVISICA
OAK RIDGE NATIONAL LABCRATCRY
Fe 0. BCX X
CAK FIDGE, TENNESSEFE 37830

VATEFRIAL AVAILABLE -
SNURCE CFCK (1019 CARDS)
SAMPLF PROBLEMS (117 CARDS)
SAMPLE PRCBLEM CUTPUT (S PACES)
REFERENCF REPURT, CURNL-4644

CATEGNRY - P
KEYWORDS = MINIMIZATICN ALGORITHM, NCALINEAR

127713
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NAME OR DESIGNATION OF PRCGRAM - SKLCC

COMPUTER FCR WHICH PRCGRAM IS CESIGNED ANC OTHERS UPON WHICH
IT IS OPERABLE - CDCé&600

DESCRIPTION CF PRCBLEM CR FUNCTION - SHLCG PRCVIDES GENERAL-PUR-
POSE DATA FMANIPULATION FUNCTICNS FCR DATA ANALYSIS. TFESE FUNC-
TIONS INCLUDE CREATING, MAINTAINING, AND STORING FILES, DISPLAYING
THE COUNTENTS OF A FILE VIA EITHER THE LINE PRINTER OR AN ON-L INE
PLOTTER, SEARCHING FOR DATA PCINTS BY CCMPARING VALUES wITH SPECI-
FIED CRITERIA, AND PERFORMING CERTAIN STATISTICAL CPERATIOANS ON
THE DATA PCINTS.

METHCD CF SOLUTION -

RESTRICTICNS ON THE COMPLEXITY CF THE FRCBLEV -
TYPICAL RUANNING TIME -

UNUSUAL FEATURES OF THE PROGRAM -

RELATED ANC AUXILIARY PROGRAMS - SHLCC USES THE BETTIS ENVIRCNMEN-
TAL ROUTINES (ACC ABSTRACT 478).

STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMRER 1973.
CCC6600 VERSICN SURMITTED AUGUST 1S72.

REFERENCES - H. BCHL,y JR.y SHLCGy A FCRTRAN PRCGRAM TC PROVIDE
GENERAL TECHNICAL CATA FUNCTICNS, WAPD-TM-S63, JANLARY 1672.

C. Jo PFEIFFR, CCC-6600 FCRTRAN FROCRAMMING - BETTIS
ENVIRONMENTAL REPORT, WAPD-TVM-668, JANUARY 1Gé&7.

H. BCHLy JR. AND C. J. MARLOWE, THE FINK/PANTRY
STORAGE AND RETRIEVAL SYSTEM FCOR A CCMPUTER, WAPC-TM-710, REV.,
JULY 1969.

MACHINE REQUIREMENTS - 100,000 (OCTAL) CENTRAL MEMORY, INPUT/OUT-
PUT VIA MACNETIC TAPE CR DISK, MAP OLTPLT CN LINE PRINTER CR
MICRCFILM CEVICE, GRAPKS CN MICRCFILM CEVICE

PROGRAMMINC LANGUAGES LSED - FORTRAN IV ANC CCMPASS

OPERATING SYSTEM CR MCNITCR UNCER wHICFH PRCGRAM IS EXECUTEC -
SCOPE 3.1.

ANY OTHER PROGRAMMING CR OPERATING INFCRMATICN OR RESTRICTIONS -

NAME AND ESTABLISHFMENT OF AUTHOR -
H. BCHL, JR.
BETTIS ATEMIC PCWER LABCRATCRY
WESTINGFOUSE ELECTRIC CCRPORATION
P. C. BCX 79
WEST MIFFLIN, PENNSYLVANIA 15122
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16. MATERIAL AVAILABLE - RESTRICTEC DISTRIBUTICN
MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (104686 CARCS)
SAMPLE PROBLEM (302 CARDS)
REFERENCE REPORT, WAPD-TM-962

§1% 'CATEGORY - ¥
KEYWORDS - DATA PROCESSING, LIBRARIES, MAINTENANCE, STATISTICS,
GRAPHS, CLTPUT CATA, UTILITY RCUTINES
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1. NAME OR DESIGNATICN CF PRCGRAM - TASK

2. COMPUTER FCR WHICH PROUGRAM IS DESIGNED AND OTHERS LPCN WHICH
IT 1S OPERABLE - IBM360

3. DESCKIPTICN CF PROBLEM OR FUNCTION - TASK SOLVES THE CNE-DIMEN-
SICNAL MULTIGRCUP FORM OF THE REACTOR KINETICS EQUATIONS, USING
EITHER TRANSPCORT CR DIFFUSICN THECRY AND ALLCWING AN AREITRARY
NUMBER OF CELAYED NEUTRON GROUPS. THE PRCGRAM CAN ALSC BE USEC TC
SOLVF STANCARD STATIC FRCBLEMS EFFICIENTLY SUCH AS EIGENVALUE
PROBLEMS, DISTRIBUTED SNURCE PRCBLEMS, ANC BCUNCARY SCOURCE PROB-
LEMS. CCANVERGENCE PRCRLEMS ASSOCIATEC WITH SCULRCES IN HIGHLY
MULTIPLICATIVE MEDIA ARE CIRCUMVENTEC, ANC SUCK FRCBLEMS ARE
READILY CALCULABLE.

4. METHOD CF SOLUTION - TASK EMFLOYS A CCMBINATICN SCATTERING AND
TRANSFER MATRIX METHOC TO ELIMINATE CERTAIN DIFFICULTIES THAT
ARISE IN CLASSICAL FINITE CIFFERENCE APPRCXIMATICNS. AS SUCH,
WITHIN-GROUP (INNER) ITERATICNS ARE ELIMINATEC AND SCLUTICN CCN-
VERGENCE 1S INDEPENDENT OF SPATIAL MESH SIZE. THE TIME VARIABLE
IS REMOVED BY LAPLACE TRANSFORMATICAN. (A LATER VERSION WILL PER-
MIT CIRECT TIME SCLUTICNS.) THE CCCE CAN EBE RUN EITHER IN AN
CUTFR ITERATICN MCCE CR IN CLCSED (NCNITERATIVE) FORM. THE
RUNNING MODE IS DICTATED BY THE ANUMBER CF CRCUPS TIMES THE ANUMBER
CF ANGLES, CONSISTENT wITH AVAILABLE STORAGE.

5. RESTRICTIONS CN THE CCMPLEXITY CF THE PRCBLEM - THE PRINCIPAL

RESTRICTIONS ARE AVAILABLE STORAGE AND CCMPUTATICN TIME. SINCE
THE CODE IS FLEXIBLY CIMENSICNEC ANC KAS AN CUTER ITERATION OPTION
THERE ARE NO INTERNAL RESTRICTICNS CN GRCUP STRUCTURE, CUACRATURE,
AND NUMBER OF ORCINATES. THE FLEXIBLF-DIMENSICNING SCHEME ALLChS
OPTIONAL USE CF CCRE STORAGE. THF GENERALIZEC CYL INCRICAL GECME-
TRY OPTION IS NOT COMPLETE IN VERSICN I CF THE CCCE. THE FEEC-
BACK CPTICNS ANC CMEGA-MCCE SEARCKF CPTIONS ARE NCT INCLUDED IN
VERSION I.

6. TYPICAL RUNNING TIME - A TYPICAL 13-RECICN, 5-GRCUP, S4, FAST
REACTOR STATIC PROBLEM REQUIRES ABCUT 0.5 MINUTES CN THE
IRM360/91, WHEREAS THE ENTIRE KINETIC RESPONSE CAN BE CCMPUTEC IN
8 TO 10 MINUTES. A 16-GROUP, S16, STATIC, 125-CM FE SLAB SHIELD-
ING PROBLEM REQUIRES ABOUT 4 MINUTES.

7. UNUSUAL FEATURES CF THE PROGRAM -

B. RELATED ANC AUXILIARY PRCGRAMS - ThO AUXILIARY PRCGRAMS ARE
INCLUNED WITH TASK. PRCGRAM ACPSC REACS THE FLUX TAPE(S) WRITTEN
(OPTIONALLY) BY TASK AND COMPUTES AN ARBITRARY NUMEER OF DETECTOR
RESPONSES, USING DETECTCR ENERGY RESPONSES AS PROVIDED BY THE
USER AND THE GROUP FLUXES+ AT SPACE PCINTS SELECTED BY THE USER.
THE PROGRAM ALSO CALCULATES THE CRCSS-POWER SPECTRAL DENSITY
(CPSD) AND AUTC-PCWER SPECTRAL DENSITY (APSD) FOR SELECTED PAIRS
OF DETECTORS. PRCGRAM FITSPEC FITS THE PCINT REACTCR MCCEL TO TFE
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B. RELATED ANC AUXILIARY PRCGRAMS (CCNTINUED)
RFAL PART CF THE CROSS~POWER SPECTRAL DEANSITIES ANC TC THE AUTO-
PCWER SPFCTRAL DENSITIES GENERATEC BY PROGRAM ACPSD.

G, STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1673,
I1EM360 VERSICN SUBMITTED AUGLST 1672, REPLACED BY REVISED
VERSICN I JANUARY 1973, SAMPLE PRCBLEM EXECUTEC BY
ACC.

10. RFFERENCE - A. R. BUFLy R. Ao LILLIE, Fo. L. DCDDSy JR.y O. We
HERMANN, J. C. ROBINSCN, AND R. Jo. HINTCN, A USERS MANUAL FCR
TASKy, A GENFRALIZEC ONE-DIMENSIONAL TRANSPCRT AND CIFFUSION KINE-
TICS CODEy, CRNL-TVM-3811, CECEMRER 1972.

11. MACHINE RFQUIREMFNTS - TASK REQUIRES 154K BYTES OF STORAGE PLUS
DATA BLOCK STCRAGE AND 1 TAPE IF USINC THE FLUX TAPE OPTICN.

12. PROGRAMMINGC LANGUAGE USEC - FORTRAN IV

13, OPERATING SYSTEM CF MCNITOR UNDER WHICKH PROGRAM IS EXECUTED -
05/360.

14, ANY OTHER PRPOGRAMMING CR OPFRATING INFCRMATICN CR RESTRICTIONS -

15. MNAME AND ESTABLISHMENT OF AUTKCRS -
A. R. BUHL
NEUTRON PHYSICS DIVISION
Ce he HERMANN ANC R. Je HINTCN
MATHEMATICS DIVISION
CAK RIDGF NATICNAL LABORATORY
OAK RIDGE, TENNESSEE 37830
F. L. DONDS, JR.
SAVANNAH RIVER LARORATCRY
E. [. DUPONT DE NENCLRS AND CCMPANY, INC.
AIKEN, SOUTF CAROLINA 29801
Je Co RCBINSCN ANC R. A. LILLIF
THE UNTVERSITY OF TENNESSEE
KNCXVILLE, TENNESSEE 27601

l6. VMATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECKS (TASK 3617 CARDS, ACPSC 362 CARDS, FITSPEC 270

CARDS)
SAMPLE PROBLEMS (TASK SB4 CARDS, ACPSD €& CARDS, FITSPEC 261
CARDS)
CONTROL INFORMATION (JCL TASK 13 CARDS, ACPSC 12 CARDS, FITSPEC
S CARDS)

PUNCHED OLTPUT (ACPSC 30 CARCS)

SAMPLE PROBLEM PRINTED OUTPUT, AVAILABLE UFCMN RECUEST (TASK 391
BLOCKS, ACPSD 16 BLOCKS, FITSPEC 2€ BLOCKS)

REFERENCE REPCRT

17. CATEGORY - €
KEYWORDS - 1-DIMENSICMAL, MULTIGRCUP, REACTOR KINETICS, ACPSC
CODES, FITSPEC CODES
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NAME OR DESIGNATION OF PROGRAM - SCFIRE2 1- ANC 2-CELL

COMPUTER FCR WHICH PROGRAM IS CESIGNED AND OTHERS UPCON WHICK
IT IS OPERABLE - IBM3é€O0

DESCRIPTION CF PRCBLEM CR FUNCTION - SCFIRE2 ONE CELL, CALCULATES
THE CONSEQUENCES OF A SODIUM POOL FIRE IN A CLCSED VAULT. GAS
PRESSURE IN THE VAULT IS CALCULATED FROM THE GAS DENSITY AND TEM-
PERATURE. SOFIRE2 TWC CELL, CALCULATES THE CONSEQUENCES CF A
SCDIUM POOL FIRE IN A VAULT CONNECTED TO A CCNTAINMENT STRUCTURE
THROUGH A RESTRICTED CPENING. CCLD GAS FLCWS FROM THE CONTAINMENT
TO THE VAULT DUE TO MASS DIFFERENCES WHILE HCT GAS FLCWS FRCM TFE
VAULT TO THE CONTAINMENT TO EQUILIBRATE PRESSURES. PRESSURE IN
THE CONTAINMENT IS CALCULATEC FROM THE GAS DENSITY ANC TEMPERA-
TURE. IN BOTH PROGRAMS THE SCDIUM BURNING RATE IS CCVERNED BY
THE RATE OF OXYGEN DIFFUSICN TO THE SCCIUM SURFACE.

METHUD OF SOLUTION - BOTH PROGRAMS USE THE FINITE DIFFERENCE
METHOD TO CALCULATE TRANSIENT TEMPERATURES IN A NOCAL NETWORK
CESIGNED TC SIMULATE A PHYSICAL SYSTEM (CNE CELL PROCRAM) OR THE
TWO CELL GECMETRY (TWC CELL PROGRAM).

RESTRICTIONS ON THE COMPLEXITY CF THE PRCBLEM - THE CNE CELL PRC-
GRAM HAS A TOTAL CF 12 NODES AVAILABLE FOR SYSTEM COMPONENTS,
WHILE THE TWC CELL PRCGRAM HAS A TCTAL CF 16 NOCES.

TYPICAL RUNNING TIME - THE ONE CELL PROGRAM REQUIRES 1 MINUTE FOR
A 12 HOUR REAL TIME PRCBLEM, WHILE THE TWC CELL PROCRAM REQUIRES
12 SECONDS FOR A 24 HCUR REAL TIME PRCBLEM.

UNUSUAL FEATURES CF THE FRCGRAM -
RELATEC ANC AUXILIARY FRCGRAMS -

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1S73.
IEM360 VERSICN CF BOTH PROGRAMS SUBMITTED ALGLUST 1572,
SAMFLE PRCBLEMS EXECUTEC BRY ACC.

REFERENCE - P. BEIRIGFR, J. FOPFNFELD, M. SILBERBERG, R. P.
JCHNSCN, L. BAURMASF, AND R. L. KCCNTZ, SCFIRE II USER REPORT,
AI-AEC-13CE5, MARCH 30, 1S972.

MACHINE RFQUIREMENTS - 134K BYTES (CNE CELL PRCGRAM), 14BK BYTES
(TWO CELL PROGRAM)

PROGRAMMINC LANGUAGE LSEC - FCRTRAN 1V

ANY CTHER PROGRAMMING CR OPERATING INFORMATICN OR RESTRICTIONS -
IF AN SC-4C20 GRAPHICAL DISPLAY CEVICE IS NOT AVAILABLE, A CUMMY
ROUTINE CAN BE USED FOR SUBFCUTINE AICRT3, OR THE RCUTINE MAY BE
REWRITTEN. THE NAA SC-4020 SUBROUTINE PACKAGE IS AVAILABLE
THRNOUGH -
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15.
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-2 -

ANY OTHER INFORMATICN CR RESTRICTIONS (CCNTINLED)

LAIDE LIBRARI

C/0 STROMBERG-CARL SON

AN

Fe Ce BCX 2449

SAN DIEGO, CALIFCRNIA

NAME AND ESTABLISHMENT CF AUTHOR -
MELVIN SILBERBERG
ATOMICS INTERNATIONAL

P. C.

BOX 309

CANOGA PARK, CALIFCRNIA 91304

MATERI AL AVAILABLE -

SOURCE DECKS (1-CELL 48BS CARDS,

SAMPLE PROBLEMS (1-CELL 37 CARDS,

REFERENCE REPCRT

CATEGCRY = G
KEYWORDS = CCNTATINMENT,
ACCIDENTS

SCCIuVv,

FIRE,

2-CELL 4S

LEAKAGE,

2-CELL 570 CARDS)

CARDS)

REACTOR SAFETY,

1011

11/73
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NAME DR DESTCNATICN CF PRCGRAM - KYMAS

COMPUTER FCR WHICH PRUGRAM 1S DESIGNED AND CTHERS LFCN WHICH
IT IS OPERABLE - CLC6600

DESCRIPTICN CF PROBLEM OR FUNCTION - HYMAS GENERATES THE
HYDRCDYNAMIC MASS MATRIX PER UNIT CEPTH ASSOCIATED wITH A
MULTI-MASS SYSTEM IMMERSED IN A LICUIC ENVIRONMENT. IT IS

ASSUMED THAT THE LIQUIC ENVIRONMENT MAY BE REPRESENTED BY A SERIES
CF FLCW-CHANNELS AND ANCCES. FLOW-CHANNELS ARE INTRODUCEC IN THE
REGION BETWEEN SURFACES OF NEIGHBCRING SCLIDS, ANC ANCCES ARE USEC
TC CONNFCT TWC CR MCORE FLOW-CHANNELS. ALSO, IT IS ASSUMED THAT
THE SOLIC BODIES UNDERGND UNIDIRECTICNAL MCTICN, THAT PCTENTIAL
FLOW THECRY IS APPLICABLE, THAT THE WIDTH OF A FLOW-CHANNEL IS
SMALL COMPARED WITKH THE LENGTH SC THERE IS NC PRESSURE CROP ACROSS
THE FLOW-CHFANNEL, AND THAT NCODAL VCLUME IS SMALL CCMFARELC WITH
FLCW-CHANNEL VCLUNME,

METHOD OF SOLUTION - FORMULATICN CF THE GENERAL MATRIX ECUATION
FOR HYDRCDYNAMIC MASS WAS ACCCMPLISHEC BY FIRST DEVELOPING THE
GOVERNING EQUATICN FCR FLUIC FLCW IN A CHANNEL OF UNIT CEPTH
BOUNDED BY TWO PARALLEL SURFACES WHICKF MAY MCVE IN TRANSLATICAN
ROTH PFRPENCICULAR ANC PARALLEL TO THE CIRECTICN OF FLOW. THIS
PESULT WAS THEN UTILIZED TO CPRTAIN THE EQUATICN FOR A VARIABLE
AREA FLCW-CHANNEL. NEXT, THE CONTINUITY EQUATICN FCR AN ARBITRARY
NCDE wWAS WRITTEN. THE GENERAL MATRIX EQUATICN FCR COMPUTING
FYDRODYNAMIC MASS WAS THEN OBTAINEC RY APPLYING THE CEVELCPED
EQUATIONS TC A PARTICULAR PROBRLEM. THE PROGRAM HYMAS IS IN
ESSENCF THIS GENERAL MATRIX ECUATICAN.

RESTPICTICNS CN THE CCMPLEXITY OF THE PROPLEM - THE NUMBER OF
SUBDIVISICANS IN A FLCW-CHANNEL IS LIVMITEC TC 50.

TYPICAL RUNNING TIME - LESS THAN 30 SECONDS ARE RECUIRED FOR A
TYPICAL PRCRLEN,

UNUSUAL FEATURES CF ThHE PRCGRAM - HYMAS CCMPLTES THE HYDRODYNANMIC
MASS MATRIX FOR A LUMFED-PARAMETER SYSTEN.

PELATED ANC AUXILTIARY PRCGRAMS - THE OUTPUT OF HYMAS MAY BECCME
PART OF THF MASS MATRIX INPUT TO ANY LUMFED-PARANETER CYNAMIC
ANALYSIS PROGRAM. HYMAS USES SLBROUTINES INTTAP, CLTTAP, FINISH,
SUBERR, ANC JOBCRD FRCM THE BETTIS ENVIRONMENTAL ROUTINES

(ACC ABSTRACT 478).

STATUS - ABSTRACT FIRST DISTRIBUTEC JANUARY 1674.
CCC6H500 VERSICN SUPRMITTEC CECEMBRER 1973,

REFERENCES - G. Re SHARP _ANC W. A. WENZEL, HYDRODYNAMIC MASS
MATRIX FOR A MULTIBODIED SYSTEM, WAPD-TM-1087, SEFTEMBER 1973.

C.e Jo PFEIFFR, CDC-660C FORTRAN PRCGRAMMING - BETTIS
ENVIRONMENTAL REPCRT, WAPC-TM-668, JANUARY 19¢€7.
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VACFINE RECUIREMENTS - 30000 (OCTAL) CF FAST MEMCRY, PLUS EXTENDED
(ORFE STCRACF

PECGRAMMING LANGUAGES USED - FORTRAN IV AND CCMPASS

OPFRATING SYSTEM OR MONITOR UNDER wWHICKH FRCGFAM IS EXECUTEC -
SCCPF 3.1.5.

ANY OTHER PROGRAMMING CR CPERATING INFCRMATICN COR RESTRICTICAS -

NAME AND ESTABLISHMENT CF AUTFORS -
G. R. SHARP AND Ww. A. WENZEL
BETTIS ATOMIC POWFR LABCRATORY
WESTINGHOUSE ELECTRIC CCRPORATICN
P. 0. BCX 79
WEST MIFFLIN, PENNSYLVANIA 15122

MATEFR AL AVAILABLF - RESTRICTEC DISTRIBUTICN
SOURCE CECK (806 CARDS)
SAMPLE FRCBLEM (14 CARCS)
KEFERENCE REPORT, WAPC-TM-1087

CATEGORY - H
KEYWORDS = FLUID FLOW, HYDRODYNAMICS, MASS MATRICES, LUMPED-
PARAMETER SYSTEMS
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NAME OR DESIGNATION OF PROGKAM - TCKMINA/TOKMINA2

COMPUTER FCR WHICK PRCGRAM IS CESIGNEC ANC CTHERS UPON WFICH
IT IS OPERABLE - IBM36&C

DESCRIPTICN CF PRCBLEM CR FUNCTION - TCKMINA FINCS THE MINIMUM
MAGNETIC FIELD, BM, REQUIRED AT THE TCRCIDAL CCIL CF A TCKAMAK
TYPE FUSICN REACTOR WHEN THE INPUT IS BETA(RATIO OF PLASMA
PRESSURE TC MAGNETIC PRESSURE), Q(KRUSKAL-SHKAFRANOV PLASMA
STABILITY FACTOR), AND Y(RATIC CF PLASMA RACIUS TC VACUUM WALL
RADIUS: RP/RW) AND ARRAYS COF PT(TOTAL THERMAL POWER FRCM BCTH D-T
AND TRITIUM BREEDING REACTIONS), PW(WALL LCACING CR POWER FLUX)
AND TB(THICKNESS OF BLANKET), FOLLOWING THE METHCD CF GOLCVIN,
ET AL. TCKMINA2 FINDS THE TOTAL FCWER, PT, OF SUCKH A FUSION
REACTOR,y GIVEN A SPECIFIED MAGNETIC FIELD, BN, AT THE TOROICAL
CCIL.

METHOD OF SOLUTION - TOKMINA: THE ASFECT RATIC(A) IS MINIMIZED,
CIVING A MINIMUM VALUE FCR BM.

TOKMINA2: A SEARCH IS MACE FOR PT; THE VALUE CF PT WHICH MINIMIZES
BM TO THE PEQUIRED VALUE WITHIN 5C GAUSS IS CHCSEN.

RESTRICTIONS ON THE CCMPLEXITY CF THE FRCBLEM - INPUT ARRAYS
PRESENTLY ARE DIMENSICNED AT 20. THIS RESTRICTICN CAN BE CVERCOME
BY CHANGING A CIMENSICN CARC.

TYPICAL RUNNING TIME - TOKMINA: APPRCXIMATELY 20 SECCNDS FCR 100
SETS DOF INPUT VALUES.
TOKMINA2: APPROXIMATELY 1 MINUTE FCR 70C SETS CF INPUT VALUES.

UNUSUAL FEATURES CF THE PRCCRAM - OUTPUT FCR EACH SET OF

INPUT VALUES ARE TB, BT(TORCIDAL MACANETIC FIELC CN THE MINCR
AXIS)y, F(MAJOR RALIUS OF THE TORDID),y RP, RM(DISTANCE BETWEEN
THE MAJOR AXIS ANC THE BLANKET IN THE MIDPLANE), N(CENSITY OF THE
PLASMA) AND I(PLASMA CURRENT). THESE VALUES, AS WELL AS BM AND
PT MAY BE STUDIED AS A FUNCTICN OF BLANKET THICKNESS.

RELATED AND AUXILIARY PROGRAMS -

STATUS - ABSTRACT FIRST CISTRIBUTEC CECEMBER 1G73.
IRM3€0 VERSION SUBMITTED AUGUST 1672, SAMFLE FRCBLEMS
EXECUTEC BY ACC.

REFERENCES - I. N. GOLOVIN, YU. M. DNEVSTRCVSKY ANC C. P. KCSTC-
MAROV, TOKAMAK AS A PCSSIBLE FUSION REACTOR - COMPARISON WITH
OTHER C. T. R, DEVICES, BNES NUCLEAR FUSICN REACTOR CONFERENCE AT
CULHAM LABCRATORY, SEPTEMBER 1969.

Ae Jo FATCH ANC Jo ETZWEILER, A SIMPLIFIED PARA-
METRIC STULY OF TCKAMAK FUSICN REACTCRS, PRCCEEDINCS CF THE
TEXAS SYMPCSIUM ON FUSION REACTORS, NOVEMBER 22-23, 1S72,
CONF=-T721111.
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11, MACHINE KEQUIREMFNTS — 160K RYTES OF CNRE
12, PROGRAMMING LANGUAGE USFD — FCRTRAN [V

13, CPERATING SYSTEM OR MONJTOR UNMDER WHICH PRCGRAM IS FXECUTED -
nS/3€0.

14« ANY CTHER PROGRAMMING CR CPERAT ING INFORMATICN CR RESTRICTINNS -

15, NAME SND ESTABLISHMFNT 0F AUTHNRS -
A. J. HATCH
PHYSICS DIVISICA
ARGOMNF NATIONAL LABNRATORY
9700 SCUTH CASS AVENUE
APGONNE , TLLINCIS €C43S

16s VMATFRIAL AVAILABLE -
SNURCE DECKS (TNKMINA-153 CARDS, TCKNIN22-1CSE€ CARFS)
SAMPLE PROBLEMS (TCKMINA-4 CARNDS, TOKMINA2-5 CARDS)
SAMPLE PROBLEM CUTPUT (TCKMINA-2 PACES, TCKMINA2-2R PAGFS)
REFERENCE REPRINT, CONF-721111

17, CATEGORY - X
KFYWORDS - FUSTON RFACTNRS, TDKAMAK, MAGNETOHYDRODYNAMICS
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NAME OR DESIGNATION OF PROGRAM - AMDLIBAE

COMPUTER FCR WHICH PRCCRAM IS CESIGNFC AND OTHERS UPCON WHICH
IT IS OPERABLE - IBM3éC/75

DESCRIPTICN CF PRCBLEM QR FUNCTICN - AMDLIBAE IS A SUBSET OF THE
IBM 360 SUBRROUTINE LIBRARY AT THE APFLIEC MATHEMATICS CIVISICN AT
ARGONNE NATIONAL LABGRATORY. THIS SUBSET INCLLDES LIBRARY CATE-

GORIES A-E:
ICENTIFICATICN

A152S A MPA

B156S A ARSIN
R157S A SIN/COS
B158S A DSIN/CCOS
B156S A DTAN/DCCT
R252S A SINF/COSH
A3535 A' ALCG
B354S A DEXP
R355S A DLCG
B456S A  DCUBRT
R457S A ARGPOWER
B458S A ARGFDXPD
C150S F DQD

C151S F CCONF1
C250S F' 'CUBIC
C251S F QUARTIC
C252S F RSSR
C253S F PCLDRV
C2545 F  ICPOLY
C353S F1

C354S A ELLIPK
€255 A ELLIPE
C265S A ALGAMA
C366S A DCGAMMA/DLGAMA
C367S A  GAMMA/ALGAMA
C368S F ECNE
C36¢S F DFONE
C3TOSF RES.JY
C271S F RESIK
CaT2s Fr CEIPRB
f373S A DELIPK
Ca74S A DELIPE
G35 S EL DET

C377S F1 DCAW
C380S F DRZETA
C382S F [CCGAM
C383S A DERF/DERFC
C3P4S F  BFJ1
€2858 F CCULMB

£386S F1 DSGMAL
C3R7S F ARFJYR
C388S F IRCCUL

DESCRIPTICA

MULT. PREC. FLOATING POINT ARITH. PACKAGE
ARCSINE, ARCCCSINE

SINE, COSINE

CP SINE, CCSINE

DP TANGENT, CCTANGENT

HYPERBOLIC SINE, COSINE

SP LCGARITEWV

NP EXPCNENTIAL

CP LCCARITEM

DF CUBE RCCT

X%y

CP X*%xY

Q. C. ALCCRITHM APPLIED TC A PCWER SERIES
EVAL. CONT. FRACT. Q. D. CF PCWER SERIES
RCCTS OF CUBIC PCLYNCMIAL EQUATION
ROCTS OF QUARTIC FCLYNCMIAL ECUATICN

ALL ROOTS OF PCLY ECS. WITH REAL COEF.
CRIVER FCR (C254S

ROCTS ARB. POLY. JENKINS-TRAUB ALGCRITHM
ANG. MOM. CCEF.- CLEBSCH, RACAH, WIGNER
SP COMPLETE FLLIPTIC INTEGRAL K

SP COMPLETE ELLIPTIC INTEGRAL E
LCGARITHM CF THE GAMMA FUNCTION

NP GAMMA ANC LCG(GAMMA) FUNCTICAS

GAMMA ANC LOG(GAMMA) FUMNCTICNS
EXPCNENTIAL INTEGRAL El

NP EXPCNENTIAL INTEGRAL E1

RESSEL FUNCTIONS J AND Y

RESSEL FUNCTICNS I ANC K

CHI-SQUARE INTEGRAL

CP CCMPLETE ELLIPTIC INTEGRAL K

DP CCMPLETE FELLIPTIC INTEGRAL E
EXPCONENTIAL INTEGRALS IN LCNG PRECISICN
DAWSCN'S INTEGRAL IN DCUBLE PRECISICN
LONG PRECISION ZETA, ZETA-1 FUNCTICNS
LCNG PRECISICN COMPLEX GAMMA

OF ERRCR FUNCTICAN

BESSEL FUNCTIGN J1

REGULAR CCULCMB WAVE FUNCTICNS

‘COULCMB PHASE SHIFT

BESSEL FUNCTIONS JCyJ1l,Y0,Y1
LF TRREGULAR CCULCME WAVE FUNCTICNS
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3, DESCRIPTICA CF PRCBLEN CR FUNCTICN (CCNTINUEC)
€385S F  GAMIN INCOMPLETE GANMA FUNCTICN
€3905 F LC ASSOC. LEGENDRE FUNCTICNS CF 2ND. KIAD
£393S F CCEONE MOCIFIFC CCMPLEX EXPCNENTIAL INTEGRAL
[1505 F HAVIE QUACRATURE BY HAVIE'S ALCCRITHM
D1505 P HAVIEP CUACRATURE BY HAVIE'S ALGCRITHM
01515 F RCMBRG RCMEERG QUACRATURE
r151S P RCMRRG ROMBERG QUADRATURE
D1525 F1 CHEB CLENSHAW-CUKT IS QUADRATURE
01535 F DROMB TWC-DIMENSICANAL RCMEBERC CUACRATURE
01535 P DROMBP TWC-DIMENS ICNAL RCMBERG QUADRATLRE
D1545 F CMQUAD MCCIFIEC CLENSFAW-CURTIS QUACRATURE
01555 F  SIMP ADAPTIVE SIMPSON GUADRATLRE
P157S F  ASIMP IMPROVED ACAPTIVE SIMPSON CUADRATURE
D157S © ASIMPP IMPRCVEC ACAPTIVE SIMFSON QUACRATURE
D158S F  ANC4 ADAP. QUAD. USING 4-TH CRDER NEWTCA-CCTES
D158S P ANC4P ACAP. QUAC. USING 4-TH CRCER NEWTCN-COTES
01615 F  GAUSS ARETTRARY GAUSSIAN WEIGKTS ANC ACDES
D1625S F  SCUANK SIMPSON'S QUAD. LSED ADAPTIVELY
£252S F DCFSUB CP NEVILLE CR STCER SCL. LIN. CIF. FONS.
02535 F DDFSYS DRIVER FCR D252S
D254S F DEGEAR GEAR'S SOL. OF DIF. EQS.
02555 F DFBND STOER SOL. CIF. ECS. WITK ERRCR BCUNCS
02565 F DFBCRV DRIVER FOR D256
£2065 F LSQPCL LEAST SQUARES WEIGKTEC POLYNOMIAL FIT
F208S F1 ARBITRARY FUNCTICN FIT, LEAST SCUARES
£209S F  CALLSO DRIVER FOR E2C6S
F2125 F GENERAL LEAST SQUARES FIT + FNCTION EVAL.
£250S F VAO2A LEAST SQUARES FUNCT. MIN. w/C DERIVATIVES
£2525 F  MINMAX CHEPYSKEV LINE FIT
E253S F ARRITRARY FUNCTICNAL FIT 11
£256S F BCPOL LEAST SQUARES FIT wITH FCLYNCMIALS
E257S F BGLSSQ LEAST SQUARES FIT WITH ARRITRARY FUNCTION
€350S F  SMOOTH SMOCTHING BY CUPIC SFLINES
4 METHOD CF SCLUTICAN -
5. RESTRICTICNS ON THE COMPLEXITY OF THE PROBLEV -
€. TYPICAL RUNNING TIME -
T+ UNUSUAL FEATURES CF THE FROGRAM -
8. PRELATED ANC AUXTLIARY PROGRAMS - AMDLIBF (ACC ABSTRACT 563) AND
AMCLIBGZ (ACC ARSTRACT 564)
9. STATUS - ABSTRACT FIRST DISTRIBUTED DFCEMBER 1673.
IEM360 VERSICN SUBMITTEC SEPTEMRER 1972.
10. REFERENCES - B. T. SMITH, THE ANL-AMD SUBRCUTINE LIBRARY (ACC 562,

563, AND 5€4), ACC PRCGRAMMING NOTE 73-5, SEPTEMBER 1, 1572.
ANL-AMD SYSTEM/360 LIBRARY SUBRCUTINE CESCRIPTICAS:
K. E. HILLSTROM, MPA, MLLTIPLE-PRECISICM FLCATING-
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KEFERENCES (CCNTINUED)
PCINT ARITHMETIC PACKACE FUR THE SYSTEM/36C, A15zS, NCVEMBER 1971.

We Jo CCOY ANC K. PACICREK, ARGARSIN, 0S/360 FORTRAN
IV SYSTEMS SUBROUTINE FOR ARCSINE, ARCCOSINE FUNCTICN (SINGLE PRE-
CISION)y B156S, FEBRUARY 1965.

Ke HILLSTROM ANC K. FACICREK, SIN/CCS, CS/360 FORTRAN
IV RCUTINE FOUR THE SINE AND COSINE, B157S, FEBRUARY 1969.

Ke HILLSTRCM, CSIN/DCCOS, 0S/360 FCRTRAN 1V COMPATIBLE
ROUTINF FOR THE SINE AND CCSINE FUNCTICAN, B158BS, CCTCBER 1969.

Ke HILLSTROM, DTAN/DCOTAN, FCRTRAN IV CCMPATIELE
PCUTINE FOR THE TANGENT ANC CCTANGENT FUNCTICN, B1£2SS, OCT. 1SéS.

We Jo CODY AND K. PACICREK, ARGSINH, CS/360 FCRTRAN
IV LIBRARY ROUTINE FCR KYPEREROLIC SINE ANC CGSINE FUNCTIONS (SIN-
GLE-PRECISICN), B252S, FEBRUARY 1969.

NANCY W. CLARK, ALOG, OS/3€0 FORTRAN IV SYSTEMS RCU-
TINE FOP NATURAL CR BASE 10 LCGARITHMS, B353S, FEBRUARY 196S.

NANCY CLARK, DFXP, 0S/3€C FOKTRAN TV SYSTEMS RCUTINE
FOR DNUBLE-PRECISICN E*#*X, E354S, FEBRUARY 19&S.

NANCY W. CLARK, CLCGy FCRTRAN IV SYSTEMS RCUTINE
FCR NATURAL OR BASE 10 DP LOGARITHMS, B355S, FEBRUARY 1969.

KATHLEEN A. PACICREK, CCUBRT, SYSTEM/36C ASSEMBLY
LANGUAGE SLBROUTINE WHICH CCMPUTES THE DOF CUBE RCCT CF A NCRMAL-
1ZED DP FLOATING POINT ARGUMENT, B45€S, OCTOBER 19€7.

DONALD F. JORCAN, ARCPCWER, IBM S/360 FCRTRAN IV
SINGLE-PRECISION POWER FUNCTICN, B457S, FEBRUARY 196S.

Ne A. CLAKK, We. Jo COCY, AND K. A. PACICREK,
ARGFCXPO, IBM S/3€0 FORTRAN IV DP PCWER FUNCTICN, B458S, MAY 1969.

He Ceo THACHER, JR. AND KATHLEEN A. PACICREK, CQD,
CP FORTRAN IV QUOTIENT-DIFFERENCE ALCCRITHM, C150S, JULY 15969.

He Co. THACHER, JR. AND KATHLFEN A. PACICREK, DCCNF1l,
DP FCRTRAN IV ROUTINE TC EVALUATE AN S-FRACTICN, C151S, JULY 1969.

BURTCN S. GARBOW, CUBIC, RCCTS CF CUBIC POLYNCMIAL
EQUATINNS, C25CS, DECEMBER 16é7.

BURTCN S. GARBOW, QUARTI, ROCTS CF QUARTIC POLYNCMIAL
EQUATIONS, C251S, CECEMBER 15€7.

BURTON S. GARBOW, RSSR, ZEROES CF PCLYNCMIALS wITk
REAL CCEFFICIFNTS, C252S, DFCEMBEP 1968.

Ke PACIOFEK, POLDRV, FCRTRAN IV CCUBLE=-PRECISICN
DFIVER FOR ANL C254S, C253S, APRIL 16éS.

KATHLEEN PACIOREK, CPCLY,RPCLY,BNCZRO, A FCRTRAN IV
CCUELE-PRECISION POLYNOMIAL ROOTFINDER PACKAGE, C254S, APRIL 196S.

DCNALC F. JCRCAN AND KENNETH HILLSTROM, PACKAGE FOR
COMPUTATICN OF ANGULAK MOMENTUM COEFFICIENTS, C353S-1, AUG. 1971.

KATHLEEN A. PACIOREK, ELLIPK, EVALUATION OF THE SP
CCMPLETFE ELLIPTIC INTEGRAL K(K*%2), (C354S, FERRUARY 196&S.

KATHLEEN A, PACICREK, ELLIPE, FVALUATICN CF THE SP
CCMPLETE ELLIPTIC INTEGRAL E(K*%*2), C255S, FEBRUARY 19665.

Ke HILLSTROM, ALGAMA, FCRTRAN IV COMPATIBLE ROUTINE
FOR THE NATURAL LOG OF THE REAL GAMMA FUNCTICN, C365S, MARCH 1967.

Ke HILLSTRCM, DGAMMA/DLCAMA, 0S/360 FORTRAN IV CCM-
PATIBLE ROLTINE FOKk THE GAMMA FUNCTICAN ANC THE NATURAL LCC CF THE
GAMMA FUNCTION, C366S, MAY 1969.

Ke FILLSTRCM, GAMMA/ALGAMA, CS/3€0 FORTRAN IV COMPA-
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TIBLE RCUTINE FOR THE GAMMA FUNCTICN ANC THE NATURAL LOG OF THE
GAMMA FUNCTICN, C367S, FEBRUARY 1GéS.

DONALC F. JORDAN, EONE, EXPONENTIAL INTEGRAL, C368S,
MARCH 1668.

DONALD F. JORDAN, DEONE - EXPCNENTIAL INTEGRAL,
3695, MARCH 1968.

DONALC F. JORDAN, BESJY, BESSEL FUNCTICAS, C370S,
CCTOBER 1967.

DONALD F. JORCAN, BESIK, BESSEL FUNCTIONS, C371S,
NOVEMBER 1667,

KATHLEEN PACIOREK, CHIPRB, FCRTRAN IV DOUBLE-PRECI-
SION SUBROLTINF WHICH FINDS THE PRCBABILITY THAT X*%2 FOR N
CECREES OF FREEDOM EXCEEDS X, C272S, JANUARY 1668,

KATHLEEN A. PACIOREK, CELIPK, EVALUATION OF THE COM-
PLETE ELLIPTIC INTEGRAL K(K#*%2), C373S, FEBRRUARY 196S.

KATHLEEN A. PACIOREK, DELIPE, EVALUATICN CF THE COM-
PLETE ELLIPTIC INTEGRAL E(K®*%2), C374S, FEBRUARY 196éS.

K. PACIOREK AND W. CODY, DEI, A FCRTRAN IV FUNCTICN
SUBROUTINE TC CALCULATE EXPONENT IAL INTEGRALS E-SUE-I1(X),
E-SUB-1(X), OR EXP(=-X)*E-SUB-I(X) FOR A LCNG PRECISICN ARCUNMENT X,
C3755-14 JUNE 1971.

KATHLEEN A. PACIOREK ANC W. J. CCCY, CCAW, FORTRAN
IV FUNCTION WHICH CALCULATES DAWSONS INTEGRAL, C377S-1, JULY 1970.

Ke HILLSTRCM, FRZETA, FOCRTRAN IV (H) RCUTINE FCR THE
RIEMANN ZETA FUNCTICN 2ETA(S) OR ZETA(S)-1, C380S, CCTCBER 1970.

Ke HILLSTROM AND H. KUKI, DCGAM/DCLGAN/CDGAMA/CDLGAM,
0S/360 FORTRAN IV(H) RCUTINE FCR THE DOUBLE-PRECISION COMPLEX
GAMMA ANC LOG GAMMA FUNCTIONS, C382S-1, NCVEMBER 1970.

Ke HILLSTROM, DERF/DERFC, DOS/360 FCRTRAN IV CCMPATI-
BLE ROUTINE FOR THE ERKROR FUNCTION ANC THE CCMPLEMENTARY ERROR
FUNCTION, C383S, MARCH 196S.

Ke HILLSTRCM, BRFJl, 0S/360 FORTRAN IV ROUTINE FCR THE
BESSEL FUNCTICN CF THE FIRST KIND ANC CRDER, (384S, APRIL 1969.

KATHLEEN A. PAC IORFK, CCULMB, A DF FCRTRAN IV RCUTINE
TU CALCULATE REGULAR CCULOMB WAVE FUNCTICNS, C385S, AUGUST 19%S.

Ke HILLSTROM, DSGMAL, CS/360 FORTRAN IV(F) RCUTINE
FCR THE COULOMB PHASF SHIFT SIGMAL(N), (L=Cyly2yeeesN),y C3EES-1,
JULY 1970.

J. GREGDKY, PFJYR, 0S/2€C FCRTRAN IV RCLTINE FCR THE
BESSEL FUNCTICN CF THE FIRST ANC SECOND KIND AND OF CRDER ZERC AND
PRDER ONE, C287S, JULY 1570.

A. STRECOK, IRCOUL, IRREGULAR CCULCMB WAVE FUNCTIONS
GLIN,P), C3RBS, AUGLST 1970.

A. STRECOK, GAMIN, OS/3€C FCRTRAN IV (H) CP ROUTINE
FCR THE INCOMPLETE GAMMA FUNCTION, C38SS, JANLARY 1671.

A. STRECOK, LQ, A FORTRAN IV CP ROUTINE FOR ASSCCIA-
TEC LEGENDRE FUNCTIONS OF THE SECOND KIND, C3SCS, SEPTEMPER 1971.

A. STRECCK, CCEONE, MOCIFIEC COMPLEX EXPCNENTIAL
INTEGRAL, C353S, MAY 1S72.

K. HILLSTROM, HAVIE, 0S/360 FCRTRAN IV RCLTINE FCR
HAVIE QUADRATURE, D150S, NOVENBER 1968.

K. HILLSTROM, HAVIEP, CS/260-FL/I RCUTINE FCP FAVIE
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QUADRATURE, D150S=P, JULY 157C.
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ADAPTIVE SINPSON RULE CUADRATURE, C155S, NCVEMBER 1968.
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ACAPTIVF SIMFSON RULE CUACRATURE, D157S, NOVEMBER 19€8.

K. HILLSTRCM, ASIMPP, CS/360 FL/I RCUTINE FCR ACAPT-
IVE SIMPSCN RULE QUACKATURE, D157S-P, JULY 1970.
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ADAPTIVE QUADRATURE USING THE 4TH NEWTCN-COTES FORMULA, C158S,
NCVEMBER 1568.
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IT IS NPERABLE - IBM360/75
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THIS SUBSET
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HERM

SYMINV

DCTP

HESSFEN
RAYCOR
SINGLVL
XTRADP

EIGEN

ELTRAN
ORTRAN
FIGI2
TINVIT
REOUC
REBAK
BANCP
RANCV
TRED3
TRBAK 3
FRANCI
FRANCC
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SCIAG
TSTMTZ
LRPCHZ
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BANDRD
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EIGENP
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RALBAK
CRAL
CBABKZ2
ELMHES
ELMBAK
ORTHES
ORTBAK
TRED1
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CESCRIPTICN

GFNERALIZEC MAT. INV. ANC SCL. LIN. ECS.
EIGENSYSTEMS OF HERMITIAN MATRICES
INVERT SYM., MATRICES, SOLVE LIN. SYSTEMS
DCUBLE PLUS PRECISICN ACCUM. INNER FRCC.
RED. COMPLEX NON-HFERM. MAT. TO ULP. HESS.
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SINGULAR VALUE DECOMP. CF REAL MATRIX

A FAST EXTENCEC PRECISICN INNER PRCCUCT
EIGENSYSTEM FOR REAL SYMMETRIC MATRIX
DRIVFR FOR F202S

ACCUM., TRANSFCRMATICNS FROM ELMKES (FQR2)
ACCUM. TRANSFCRMATICANS FRCM CRTHES (FCR2)
REDUCE NONSYM. TC SYM. TRIDIAG. (TQL2)
FINC SOME EICENVEC. OF SYM. TRICIAG. MAT.
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BACKTRANSFORM VECTORS REDLC FORMED MATRIX
RECUCE BAND SYM. MATRIX TC SYM, TRICIAG.
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RECUCE PACKEC SYM. MAT. TO SYM. TRIDIAG.
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EIGENSYSTEM CF REAL MATRICES
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BACKTRANSFCRM VECTORS ORTHES FCRMEC MAT.
REDUCE SYM. MATRIX TO SYM. TRIDIAG.
RECUCE SYM. MAT. TO SYM. TRICIAG. (TQL2)
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F2995 FALEISPAC CONTROL PROGRAM F22CS-F223S + F269S-F2G8S
F402S F  MATINV MATRIX INVERSICN ANC SOL. OF LINEAR EQNS.
F403S F DRIVER FCR F4C2S
F452S F CFCLLU,CHOLEC  SYM. CECOMP. OF POS. DEF. BAND MATRICES
F453S F MATINC INVERSICN CF CCMPLEX MATRICES
F4545 F  CROUT SOLLTION OF SIMULTANECUS LINEAR ECUATICNS
F455S F  CROUTC SCL. OF SIMULTANEONUS COMPLEX LINEAR EQNS.
F4565 F1 DIAG INTEGER PRFSERVING GAUSSIAN ELIMINATICN

4
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9.

10.

METHOD CF SCLUTICN -

RESTRICTICNS ON THE COMPLEXITY OF THE PROBLEM -
TYPICAL RUANNING TIME =

UNUSUAL FEATURES CF THE PRCGRAM -
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VIRGINIA KLFMA, KERM, PACKACE OF ROUTINES TO PERFORM
THE HOUSEHCLDER REDUCTION AND CALCULATE THE EIGENSYSTEM CF FERMI-
TIAN MATRICES, F150S, MAY 19¢8.

BURTCN S. GARROW, SYFIANV, SYMMETRIC MATRIX INVERSION
WITH ACCOMPANYING SOLUTION OF LINEAR ECUATICAS, F152S, JUNE 1968.



1024

ACC ABSTRACT 563

10.

-3- 12/773

RENCES (CCNTINUED)
i DONALD F. JORDAN, DOTP, EXTRA-PRECISICN ACCUMULATING

INNER PROCUCT, F154S, NOVEMBER 1967.

VIRGINIA KLEMA, HESSEN, SUBRCUTINE TO RECUCE A SP
COMPLEX NCN-HERMITIAN MATRIX TO UPPER HESSENBERG FCRM, F155S,
JANUARY 1968.

VIRGINIA KLEMA, RAYCCR, RAYLEIGH CCRRECTICNS TC
EIGENVALUES OF A REAL SYMMETRIC MATRIX, F156S, MAY 1668.

BURTCN S. GARBOW, SINGVL, SINGULAR VALUE CECOMPOSI-
TION OF A REAL MATRIX, F157S, MAY 196€9.

A. STRECCK, XTRACP, A FORTRAN IV FUNCTICN SUBROUTINE
TO CALCULATE A FAST EXTENDED PRECISICN INNER PRCCUCT CF TWO REAL*8
VECTORS, F161S, SEPTEMBER 1971.

BURTCN S. GARBOW, EIGEN, EIGENVALUES ANC EIGENVECTORS
OF A REAL SYMMETRIC MATRIX, F202S-1, DECEMEER 1969.

BURTCN S. GARBOWy MAIN, A GENERAL PROGRAM FOR THE
COMPUTATION OF EIGENVALUES ANC EIGENVECTCRS OF A REAL SYMMETRIC
MATR IX, F203S, DECEMBFR 19&8.

CLEVE MCLER, B. GARBOW, ELTRAN, A FORTRAN IV SUBRCU-
TINE TO ACCUMULATE THE TRANSFCRMATICAS IN THE RECUCTICN CF A REAL
GENERAL MATRIX BY ELMHES, F220S, JANUARY 1572.

CLEVE MCLER, B. CARBCW, CRTRAN, A FORTRAN IV SUBROU-
TINE TO ACCUMULATE THE TRANSFCRMATICAS IN THE RECUCTICN OF A REAL
GENERAL MATRIX BY CRTHES, F2Z1S, JANUARY 1572.

B. GARBOW, FIGI2, A FCRTRAN IV SUBROUTINE TC TRANS-
FCRM A CERTAIN REAL NUN-SYMMFTRIC TRIDIAGCNAL MATRIX TO A SYMME-
TRIC TRIDIAGCNAL MATRIX ACCUMULATING THE CIAGONAL TRANSFORMATIONS,
F222S, JANUARY 1672.

B. GARBCwW, TINVIT, A FORTRAN IV SULBROUTINE TO DETER-
MINE SOME EIGENVECTORS OF A SYMMETRIC TRICIAGCNAL MATRIX, F223S-1,
JANUARY AND FEBRUARY 1672.

B. GARBCWy RECUC, A FORTRAN IV SUBROUTINE TO REDUCE
A CERTAIN GENERALIZED SYMMETRIC EIGENFRCRLEM TC THE STANCARC SYM-
METRIC EIGENPROBLEM USING CHOLESKY DECOMPOSITICN, F224S,
FFBRUARY 1S72.

B. GARBUW, REBAK, A FGRTRAN IV SUBROUTINE TC BACK
TRANSFORM THE EIGENVFCTCRS OF THAT CERIVED SYMMETRIC MATRIX DETER-
MINED BY RECUC, F225S, FEBRUARY 1972.

B. GARBOW, BANDR, A FORTRAN IV SUBRCUTINE TC REDUCE
A REAL SYMMETRIC BAND MATRIX TO A SYMMETRIC TRIDIAGONAL MATRIX
USING AND CPTIONALLY ACCUNULATING CRTHCGCNAL TRANSFCRMAT ICNS,
F226S, FERRUARY 1S72.

R. GARBCw, PANCV, A FCRTRAN IV SUBROUTINE TO DETER-
MINE SOME EIGENVECTORS OF A REAL SYMMETRIC BAND MATRIX, F227S,
FERRUARY 1G72.

B. GARBOW, TREC3, A FORTRAN IV SURRCUTINE TO RECUCE
A REAL SYMMETRIC MATRIX, STCRED AS A ONE-CIMENSICNAL ARRAY, TO A
SYMMETKRIC TRIDIAGCANAL NMATRIX USING ORTHOGONAL TRANSFCRMATIONS,
F2285, FEBRUARY 1672.

B. GARBOW,« TRBAK3, A FORTRAN IV SURROUTINE TO BACK
TRANSFNRM THE EIGENVECTCPS OF THAT SYMMETRIC TRICIAGONAL MATRIX
UFTERMINED BY TRED3, F2256S, FEBRLARY 1S72.

RURTCN S. GARBUW, FRANCI, EIGENVALUES OF REAL



-

1025

ACC ABSTRACT 563 —4- ol

10,

REFERENCES (CONTINUED)
MATRICES, F250S, JANUARY 1968.

BURTCN S. GARBOW, FRANCC, EIGENVALUES CF CCMPLEX
MATRICES, F251S, NOVEMBER 1G¢8.

BURTON S. GARBOW, GEIGEN, GENERALIZEC EIGENVALUE PRO-
GRAM FOR SYMMETRIC MATRICES, F252S, DECEMRER 1967.

VIRGINIA KLEMA, SCIAG, COMPLETE EIGENSYSTEM OF A REAL
SYMMETRIC COUBLE-PRECISICN MATRIX, F255S, NOVEMBER 1968.

B. GARBOW, TSTMTZ, 0S/3&C FORTRAN IV RCLTINE FCR GEN-
ERATING TEST MATRICES, F257S, JANUARY 1968.

VIRGINIA KLEMA ANC B. CARBOW, LRCKZ, FCRTRAN IV DP
ROUT INE FOR THE LR ALGORITHM, F258S, NOVEMBER 1968.

VIRGINIA KLEMA, BYSECT, EIGENVALUES OF A TRIDIAGONAL
MATRIX BY BISECTION, F25$S, JULY 1568.

BURTON S. GARBOW, JACOBI, EIGENVALUES AND EIGENVEC-
TORS OF REAL MATRICES, F260S, SEPTEMBER 1968,

BURTON S. GARBOW, EIGINV, SOLUTICN CF THE INVERSE
EIGENVALUE PROBLEM, F261S, OCTOBER 1968.

BURTON S. GARBOW, VECS, EIGENVECTCRS CF A PENTA-
DIAGONAL SYMMETRIC MATRIX, F262S, NOVEMBER 1968.

BURTON S. GARBOW, BANCRC, TRIDIAGCNALIZATION OF A
SYMMETRIC BAND MATRIX, F263S, MAY 19¢€S.

BURTCN S. GARBUW, BANCVC, EIGENVECTCRS OF A SYMMETRIC
BAND MATRIX, F264S, MAY 1969.

BURTON S. GARBOW, EIGENP, EIGENVALUES AND EIGENVEC-
TCRS OF A REAL GENERAL MATRIX, F265S, MAY 1969.

VIRGINIA KLEMA ANC B. GARBOW, BALANC, A FCRTRAN IV
ROUTINE TO BALANCE A RFAL GENFRAL MATRIX, F269S-1, JANUARY 1972.

VIRGINIA KLEMA ENC B. GARPROW, RALBAK, A FORTRAN 1V
SUBROUTINE TO BACK TRANSFORM THE EIGENVECTORS OF THAT REAL MATRIX
TRANSFORMEC BY BALANC, F270S-1, JANUARY 1%72.

VIRGINIA KLEMA ANC B. GARBOW, CBAL, A FCRTRAN IV ROU-
TINE TO BALANCE A COMPLEX GENERAL MATRIX, F271S5-1, JANUARY 1972.

VIRGINIA KLEMA ANC B. GARROW, CBABK2, A FORTRAN IV
SUBROUTINE TO BACK TRANSFORM THE EIGENVECTCRS CF THAT CCMPLEX
MATRIX TRANSFORMEC BY CBAL, F2725-1, JANUARY 1972.

VIRGINIA KLEMA ANC B. GARBCW, ELMFES, A FORTRAN IV
SUBROUTINE TO REDUCE A REAL GENERAL MATRIX TO UPPER FESSENBERC
FORM USING ELEMENTARY TRANSFORMATIONS, F273S-1, JANLARY 1972.

VIRGINIA KLEMA ANC B. GARPRCW, ELMBAK, A FORTRAN IV
SUBROUT INE TO BACK TRANSFORM THE EIGENVECTCRS CF THAT UPPER HES-
SENRERG MATRIX DETERMINED BY FLMHES, F274S-1, JANUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, ORTKES, A FCRTRAN IV
SUBROUTINE TC REDUCE A REAL CGENERAL MATRIX TC LPPER HESSENBERG
FORM USING DRTHOGCAAL TRANSFCRMATICNS, F2755-1, JANUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, ORTBAK, A FCRTRAN IV
SUBROUTINE TC BACK TRANSFORM THE EIGENVECTCRS OF THAT UPPER HES-
SENBERG MATRIX DETERMINED BY CRTHES, F276S-1, JANUARY 1972.

VIRGINIA KLEMA AND 8. GARBOW, TREDl, A FCRTFAN IV
RCUTINE TC RECUCE A REAL SYMMETRIC MATRIX TO A SYMMETRIC TRIDIAG-
ONAL MATRIX USING ORTHOGONAL TRANSFCRMATICNS, F277S-1, JAN. 1972.

VIRGINIA KLEMA AND B. GARBOW, TRED2, A FORTRAN IV
SUBROUTINE TOD REDUCE A REAL SYMMETRIC MATRIX TO A SYMMETRIC TRI-



1026

ACC ABSTRACT 5¢€3 =0 12/73

10.

REFERENCES (CONTINUED)
DIAGONAL MATRIX ACCUMULATING THE CRTHKCGCNAL TRANSFCRMATIONS,
F2785S-1, JANUARY 1672.

VIRGINIA KLEMA ANC B. GARBCW, TRBAK1l, A FORTRAN IV
SUBROUTINE TO BACK TRANSFORM THE EIGENVECTCRS CF THAT SYMMETRIC
TRIDIAGCNAL MATRIX DETERMINED BY TRED1l, F279S-1, JANLARY 1972.

VIRGINIA KLEMA ANC B. GARBCW, FIGI, A FORTRAN IV SuUB-
ROUTINE TO TRANSFORM A CERTAIN REAL NON-SYMMETRIC TRIDIACGONAL
MATRIX TO A SYMMETRIC TRIDIACONAL MATRIX, F28CS-1, JANUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, BAKVEC, A FCRTRAN IV
SUBROUTINE TO BACK TRANSFORM THE EIGENVECTORS OF THAT SYMMETRIC
TRIDIAGCNAL MATRIX DETERMINEC BY FIGI, F281S-1, JANUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, COMFES, A FCRTRAN IV
RCUTINE TO REDUCE A CCMPLEX GENERAL MATRIX TO COMPLEX UPPER HESS-
ENBERG FORM USING ELEMENTARY TRANSFORMATICNS, F282S-1, JAN. 1972.

VIRGINIA KLEMA AND B. GARBOW, COFMBAK, A FCRTRAN IV
SUBROUTINE TC BACK TRANSFORM THE EIGENVECTORS OF THAT UPPER HES-
SENBERG MATRIX DETERMINED BY CCMHES, F283S-1, JANUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, HTRIDI, A FCRTRAN IV
SUBROUTINE TC REDUCE A CCMPLEX HERMITIAN MATRIX TO A REAL SYMME-
TRIC TRIDIAGONAL MATRIX USING UNITARY TRANSFCRMATICNS, F284S-1,
JANUARY 1972.

VIRGINIA KLEMA ANC B. GARBOW, HTRIBK, A FORTRAN IV
SUBROUT INE TO BACK TRANSFORM THE EIGENVECTCRS CF THAT SYMMETRIC
TRIDIAGCNAL MATRIX DETERMINED BY HTRICI, F285S-1, JANUARY 1S72.

VIRGINIA KLEMA AND B. GARBOWy HCR, 2 FCRTRAN IV SUB-
ROUTINE TO DETERMINE THE EIGENVALUES OF A REAL UPPER HESSENBERG
MATRIX, F2E6S-1, JANUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, HQR2, A FCRTRAN IV SUB-
ROUTINE TO DETERMINE THE EIGENVALUES ANC EIGENVECTORS OF A REAL
UPPER HESSENBERG MATRIX, F287S-1, JANUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, INVIT, A FCRTRAN IV
ROUTINE TO DETERMINE THOSE EIGENVECTORS OF A REAL UPPER HESSENBERG
MATRIX CORRESPONDING TO SPECIFIED EIGENVALUES, F288S-1, JAN. 1972.

VIRGINIA KLEMA AND B. GARBOW, TQL1l, A FORTRAN IV SUB-
ROUTINE TO DETERMINE THE EIGENVALUES CF A SYMMETRIC TRIDIAGONAL
MATR IX, F289S-2, FEBRUARY 1972.

VIRGINIA KLEMA ANC B. GARBOW, TQL2, A FCRTRAN IV SUB-
ROUTINE TO DETERMINE THE EIGENVALUES ANC EIGENVECTORS CF A SYM-
METRIC TRICIAGONAL MATRIX, F290S-2, FEBRUARY 1672.

VIRGINIA KLEMA AND B. GARBCW, IMTQL1l, A FORTRAN IV
SUBROUTINE TO DETERMINE THE EIGENVALUES CF A SYMMETRIC TRICIACCNAL
MATRIX, F2S1S-1, JANUARY 1972.

VIRGINIA KLEMA ANC B. GARBCW, IMTCL2, A FORTRAN IV
SUBROUTINE TO DETERMINE THE EIGENVALUES ANC EIGENVECTCRS OF A
SYMMETRIC TRIDIAGCNAL MATRIX, F292S-1, JANUARY 197:Z.

VIRGINIA KLEMA AND B. GARBOW, TSTURM, A FCRTRAN IV
SUBROUTINE TO DETERMINE SOME EIGENVALUES AND EIGENVECTORS OF A
SYMMETRIC TRIDIAGCNAL MATRIX, F293S-1, JANUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, BISECT, A FCRTRAN IV
SUBROUTINE TC DETERMINE SCME EIGENVALUES CF A SYMMETRIC TRIDI-
AGONAL MATRIX, F294S-2, FEBRUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, CCMLRy, A FCRTRAN IV



1027

MC ABSTRACT 5€3 - e 12/73

10.

16,

1,

REFERENCES (CCNTINUED)
SUBROUTINE TO CETERMINE THE FIGENVALUES CF A CCMPLEX UPPER HES-
SENBERG MATRIX, F2955-1, JANUARY 1672.

VIRGINIA KLEMA AND B. GARBOW, CCMLR2, A FCRTRAN IV
SUBRCUTINF TO DETERMINE THE EIGENVALUES AND EIGENVECTORS OF A COM-
PLEX UPPER HESSENBERG MATRIX, F296S-1, JANUARY 1972.

VIRGINIA KLEMA AND B. GARBOW, CIAVIT, A FCORTRAN IV
SUBROUTINE TC DETERMINE THCSE EIGENVECTORS OF A COMPLEX UPPER
HESSENBERG MATRIX CORRESPCADING TC SPECIFIEC EICENVALUES, F297S-1,
JANUARY 1972.

VIRGINIA KLEMA ANC B. CARBCW, RATCR, A FORTRAN IV
SUBROUTINE TO DETERMINE SOME EXTREME EIGFNVALUES OF B SYMMETRIC
TPIDIAGCNAL MATRIX, F298S-1, JANUARY 1672.

JAMES M. BOYLE, EISPAC, A CCATRCL PROGRAM FOR TFE
EIGENSYSTEM PACKACE (ANL F269S TO F2S€S ANC F220S TC F223S),
F299S-1, FEBRUARY 1972.

BURTON S. GARBOW AND C. CHAMCT, MATINV, MATRIX INVER-
SICN WITH ACCOMPANYING SOLUTION OF LINFAR EQUATIONS, F402S,
FEBRUARY 1666,

BURTON S. GARBCW, MAIN, A GENERAL PRCCRAM FCR MATRIX
INVERSICN ANC SOLUTICN OF LINEAR EQUATIONS, F403S, DECEMBER 1G68.

BURTCN S. GAREBCwW, CHCLLU,CHCLEQ, SYMMETRIC CECCMPC-
SITIOCN OF POSITIVE-DEFINITE BAND MATRICES, F452S, JULY 1S68.

BURTCN S. GARBCW, MATINC, COMPLEX MATRIX INVERSION
WITH ACCOMPANYING SOLUTION CF LINEAR ECLATIONS, F453S, JUNE 1968.

BURTON S. GARBOW, CROUT, SOLUTICN OF LINEAR EQUATICNS
BY THE CROLT METHCD, F454S, APRIL 1968.

BURTON S. GARBOW, CROUTC, SCLUTICN CF CCMPLEX LINEAR
FQUATIONS RY THE CRCUT METHOC, F455S, JUNE 15é8.

BURTON S. GARSBCW, DIAGy INTEGER-PRESERVINC CAUSSIAN
ELIMINATICN, F456S-1, SEPTEMBER 1§70.

MACHINE RECUIREMENTS -

PROGRAMMING LANGUAGES USED - ASSEMBLY LANGUAGE AND FCRTRAN IV
EACH INDICATED BY A OR F IN THE IDENTIFICATION GIVEN IN ITEM 2,

CPERATING SYSTEM CR MCNITOR UNDER WHICH PRCGRAM IS EXECLTED -
0S/360 RELEASE 19.6€.

ANY OTHER FRCGRAMMING CR COPERATING INFORMATICN OR RESTRICTICNS -

NAME AND ESTABLISHMENT OF AUTKORS -
CONTACT Be To SMITH, PROGRAM LIBRRARIAN
APPLIED MATHEMATICS CIVISICA
ARGONNE NATIONAL LABORATORY
9700 SCUTH CASS AVENUE
ARGONNE , TLLINCIS 60439

MATERIAL AVAILABLE - MAGNETIC TAPE TRARSMITTAL
SOURCE DECK (13,625 CARDS)
ACC NOTE AND SUBRCUTINE DESCRIPTIONS

CATEGORY - p
KEYNORDS - MATRICFES. SIMULTANEOUS LINEAR EQUATIONS, FIGENSYSTENMS
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NAME OR DESIGNATION OF PROGRAM - AMDLIBGZ

COMPUTER FCR WHICH PRCGRAM IS CESIGNEC ANC CTHERS UPCN WHICHK
IT IS OPERABLE - IBM360/75

DESCRIPTICN OF PROBLEM OR FUNCTION - AMDLIBGZ IS A SLBSET CF TFE
IBM 360 SURROUTINE LIBRARY AT THE APPLIED MATHEMATICS CIVISION AT
ARGONNF NATICNAL LABORATORY. THIS SULBSET INCLUDES LIPRARY CATE-

GORIES G-1Z:

ICENTIFICATICN CESCRIPTICON

G552S F RANF RANDCM NUMBER GENERATOR

J552S F1 PLOTSFLM CALCOMP PLOTS TC IBM 2280

J952S F YCLYPLOTY CALCCMP PLCTS

JG55S P GRAF PRINTS A GRAFH CF FCIANTS CN LINE PRINTER
K250S Al COKRE TO CORE CONVERSICN

K251S A HEXINP HEXACECIMAL INPUT FCR PL/I PROGRAMS
K252S A HEXOUT HEXADEC IMAL CUTPUT CCAV. FL/I PRCGRANMS
M101S F  SCRT ALCEBRAIC SCRT

M150S F CSORT ALCEBRAIC SCRT

M1S51S P2 ANLKWIC KWIC SORT

M250S A SMALLIST SCUEEZES ASSEMBLER LISTING TO 8X11
N251S A ABEND CALLS ABEND DUMP

Q052S A CLCCK TIME

Q053S A CCPYAGO CCPY LOAC MCCULE FRCM TAPE TC DISK
Q054S A DATE CURRENT DATE IN FCRM MM/DD/YY

Q055S A TIME TIME (24 HOUR CLOCK) IN EBCDIC HH.MM.SS
7013S F VARTABLF METRIC MINIMIZATICA

I057S A LCCF LOCATE MACHINE ADDRESSES CF VARIABLES
Z0RYS A ALLEC ALLCCATE LCS FCR FCRTRAN PROGRAMS

Z073S A LCSGET ALLCCATE LCS FOR PL/I PRCCRANMS

2074S A ANLWMNP EXPONENT + MANTISSA MANIPLLATIVE FUNCTS.

METHOD CF SOLUTION -

RESTRICTICAS ON THE CCMPLEXITY CF THE FRCBLEM -
TYPICAL RUNNING TIME -

UNUSUAL FEATLRES OF THE PRCGRAN =

RELATED ANC AUXILIARY FRCGRAMS = ANCLIBAE (ACC ABSTRACT 562) AND
AMCL IBF (ACC ABSTRACT 563)

STATUS - ABSTRACT FIRST CISTRIBUTEC CECEMRER 1573.
IEM360 VERSION SUBMITTED SEFTEMBER 1S72.

REFERENCES - B. T. SMITk, THE ANL-AMC SUBRCUTINE LIBRARY (ACC 562,
5€3, AND 564), ACC PROGRAMMING NOTE 73-5, SEPTEMPER 1, 1972.
ANL-AMD SYSTEN/360 LIBRARY SUBROUTINE CESCRIPTICNS:
NANCY W. ClL ARK, RANF, CS/360 FORTRAN IV ROUTINE TO
PROCUCE A SERIES OF RANDCM NUMBERS, G552S, JULY 1967.
NANCY CLARK, PLCTSFLM, 0S/360 FCRTRAN IV ROUTINE TO
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10+

12,

13,

14,

REFERENCES (CONTINUEC)
PROVINE 35MM FILM CUTPUT CN THE IBM 2280 USING CALCOMP CALLING
SEQUENCES, J5525-1, DECEMBER 1970.

CYNTHIA CHANMOT, YOLYPLOT, JS52S, DECEMBER 1566.

GEORGE M. HAUSER, GRAF, A PL/I PRCCECURE TO PLOT
POINTS ON A LINE PRINTER, JS55S, OCTOBER 1S71.

DANTIEL CARSCN, CORE TC CORE CCNVERSION, K250S5-1,
FEBRUARY 157C.

ANTHONY J. STRECOK, HEXINP, HEXACECIMAL CCNVERSICN
FOR PL/I, K251S, APRIL 1970.

ANTHONY J. STRECOK, HEXCUT, HEXACECIMAL CUTPUT FOR
PL/1, K252S, APRIL 1970.

KATHLEEN A. PACICREK, SCRT, M101S, OCTOPER 1968.

KATHLEEN A. PACIOREK, CSORT, M150S, CCTCBER 1968.

DCNALC F. JORCAN, K. CRITZ, W. J. CCOY, AND
K. HILLSTROM, ANL KWIC KEY WCRD IN CCATEXT, M1515-2, MAY 1971.

ROBERT P. TANNURA, SMALLIST, M250S, DECEMBER 1967.

G. CLFFY, ABENC, ABNCRMNAL TERMINATION CUMP CALL FROM
FORTPAN IV, N251S, APRIL 15, 15€7.

G. CUFFY, CLCCK, VALUE CF CLOCK LPON CALL FROM FCR-
TRAN IV, QC52S, APRIL 19, 1967.

G. DUFFY, COPYAGC, COPY A LOAC MCDULE FRCM TAPE TC
DISK ANC EXECUTE IT, CO53S, APRIL 19, 1967.

C. Jo SMITH AND W. J. CCOY, DATE, CURRENT DATE IN
GREGORIAN CALENDAR, FCRTRAN IV CALLABLE, Q054S, FEBRLARY 1568.

K. HILLSTROM, TIME, 24 FCUR CLOCK, FORTRAN IV
CALLABLE, C055S, FEBRUARY 197C.

JANET HERMAN, VARIABLE MFTRIC MINIMIZATION, 2013S,
APRIL 16€7.

JOHN A. OFDE, LCCF, 2057S, OCTCBER 1G€E.

JCHN A. OHDE, ALLOCC, ZO71S,* CCTORER 1G&E.

JOHN A. CHDE, PLILCS, 2G72S, CCTCPER 1968.

Ke Fe HILLSTRCM, ANLMNP, EXPCNENT AND MANTISSA MANI-
PULATION FLACTICAS, 2074S, JULY 1871.

MECHINE RECUIREMENTS -

PEOGRAMMING LANGUAGES USED - ASSEMBLY LANGUACE, FCRTRAN IV, ANC
PL/1 EACH INCICATEC BY Ay F CR P IN THE ICENTIFICATICN GIVEN IN
ITEM 3 ABOVE.

CPERATING SYSTEM CR MCANITCR UNDER WHICK PROGRAM IS EXECUTED -
0S/260 RELEASE 19.6.

ANY CTHER FFQGRAMMINC CR CPERATING INFORMATICN OR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHORS -
CONTACT Be Te SMITH, PROGRAM L IBRARIAN
APPLIED MATHEMATICS CIVISION
ARGONNE NATIONAL LABCRATCRY
Q700 SCUTK CASS AVENUE
ARGONNE, ILLINCIS €043S
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MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL

SOURCE DECK (2866 CARDS)
ACC NOTE AND SUBROUTINE CESCRIPTICAS

CATEGORY - P

KEYWCRDS - GRAPHS, INPUT CATA, QUTPUT CATA, UTILITY ROUTINES
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NAME OR DESIGNATION OF PROGRAM - INCITE

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH
IT 1S OPERABLE - I1BM360

DESCRIPTION OF PROBLEM OR FUNCTION - INCITE GENERATES ENERGY-
DEPENDENT THERMAL NEUTRON SPECTRA AND APPRCPRIATE AVFERAGE MULTI-
GROUP CROSS SECTIONS USING ARBITRARY SCATTERING KERNELS. THE
PHYSICAL MODEL IS A HOMOGENEOUS, CRITICAL, CNE-DIMENSIONAL BASE

SLAB CORE.

METHCC OF SOLUTION - THE PRNGRAM EMPLOYS A NORMALIZED GAUSS-SEIDEL
ITERATION TECHNIQUE TO SOLVE THE ENERGY-DEPENDENT INTEGRAL FORM NOF
THE B-1 APPROXIMATION TO THE BOLTZMANN TRANSPORT EQUATICN.

RESTRICTIONS UN THE CCMPLEXITY CF THE PROABLEM - A MAXIMUM OF 101
FINE ENERGY PUINTS AND 50 BROAD GROUPS IS PFPMITTED. A LIRRARY
TAPE CONTAINING THE APPROPRIATE ABSCRPTION AND SCATTEFING CROSS
SECTIONS AT THe SE ENERGY POINTS IS REQUIRED.

TYPICAL RUNNING TIME - THE RUNNING TIME FOR A TYPICAL PROGLEM 0N
THE IBM360 IS NORMALLY LESS THAN 15 SECONDS.

UNUSUAL FEATURES OF THE PROGRAM -

RELATED AND AUXILIARY PROGRAMS - LIRMOD, AN AUXILIARY PRCGRAM FOR
MODIFICATION OR CREATION OF INCITE CROSS SECTIUN CATA LTBRARITFS,
THE CURRENT MASTER LIBRARY IS FOR THE ENERGY RANGE 0.0 TC 2.38 [V.

STATUS - ABSTRACT FIRST CISTRIBUTEC JANUMRY 1974.
IBM360 VERSION SUBMITTED JANUARY 1673, SAMPLE PROELEM
EXECUTED BY ACC FEBRRUARY 1G74.

REFERENCES = Re Lo CURTIS AND R, A, GRIMESEY, INCITE - A
FCRTRAN=-IV PROGRAM TO GENERATE THFRMAL NEUTRON SPECTFA AND MULTI-
GRIUP CUNSTANTS USING ARBITRARY SCATTERING KERNELS, IN-1062,
NOVEMBER 1667,

MACHINE REQUIREMENTS — APPROXIMATELY 300K PYTES CF CCRE MEMNRY,
ONE CROSS SECTIUN LIBRARY TAPE, AND THREF [/0 SCRATCH UNITS ARE
PEQUIRED FOR EXECUTICON.

PROGRAMMING LANGUAGE USED - FNRTRAN IV

g:ERATlNG SYSTEM UR MONITCR UNDER WHICH PRCCRAM IS EXECUTED -
/360,

ANY OTHER PROGRAMAING OR CPERATING INFORMATICN CR RFSTRICTIONS -
NAME AND ESTABL ISHMENT 0OF AUTHORS -

Re Lo CURTIS AND R, A, GRIMFSEY
AERDJET NUCLEAR CIMPANY
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NAME AND ESTABLISHMENT OF AUTHCR(S) (CONTINUEC)

P. D. BOX 1845
IDAHO FALLS, ICAHO 83401

MATERIAL AVAILABLE — MAGNETIC TAPE TRANSMITTAL
SCURCE DECK (2022 CARCS)
SAMPLE PROBLEM (26 CARDS)
CCNTRUL INFORMATION (JCL 29 CARDS)
LIBRARY (569 BLOCKS OF VARIABLE-SIZEC BINARY RECORDS)
SAMPLE PROBLEM OUTPUT (37 PAGES)
REFERENCE REPORT

CATEGORY - B
KEYWORDS - THERMAL SPECTRA, MULTIGROUP CROSS SECTIONS, LIBPARIES,

INELASTIC SCATTERING KERNELS, THERMALIZATION
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NAMF DR CESICNATICN CF PRCGRAM - RESPCND

(OMPUTEP FCR WHICH PROGRAM 1S DESIGNED AND CTHERS LPCN WHICH
IT 1S DPERARLE - 1RM360/270

DESCRIPTICN CF PROBLEM OR FUNCTICN - RESFCANC CALCULATES THE RELA-
TIVE ENFRGY ABSCRPTICN CF A SMALL RECICN CF CNE MATERIAL IN A
LARGE BCDY OF ANCTHER MATERIAL EXPOSEC TC CAMMA- OR X-RACIATICN.

PETHCD CF SCLUTION - THE RELATIVF ENERGY ABSCRBED BY THE SMALL
REGION FROM ENERGETIC ELECTRCNS PROCUCEC IN THE SURROUNDING MEDIUM
ANC THE RELATIVE ENEPCY ABSCORBED FRUM THE ELECTRCNS FRCCUCEC
WITHIN THE PEGICN ARE CALCULATEC AS A FUNCTICN OF PHOTON ENERCGY
ANC COMBINED BY THE METHOD OF T. E. BURLIN. THIS ENERGY-CEPENDENT
RESPCNSE FUNCTION IS AVFRAGED OVER AN INPUT PHCTCN SPECTRUM.

RESTRICTICAS ON THE COMPLEXITY CF THE FRCELEM - THE ENERCY CIVI-
SICN IS INTC 100 EQUAL INTERVALS. CONLY 2 REGIONS MAY BE SPECI-
FIED.

TYPICAL RUNNING TIME - 14 SECONDS PER CASE ARE RECQUIRED.

UNUSUAL FEATURES CF THE PRCGRAM - RESPCNC IS SPECIFICALLY INTENDED
FCR CALCULATING THE CORRECTION FACTOR FOR THERMCLUMIMNESCENT COSI-
METERS (TLC) IN CISSIMILAR MECIUM.

RELATED AND AUXILIARY PROGRAMS -

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMRER 1973.
I1EM360 VERSION SUBMITTED SEPTEMBER 1672, SAMPLE PROBLEM
EXECLTED ey aCC.

REFERENCES - R. J. TUTTLE, MEASLREMENTS OF GAMMA-RAY HKEATING BY
THERMOLUMINESCFNT COSIMETERS, TI-707-140-022, MAY 1972.

Te Eo BURLINy PACIATICN DCSIMETRY, VCL. I, P. 331,
FRANK H. ATTIX ANF WILLTIAM C. ROESCH, EDITORS, ACADEMIC PRESS,
NEW YORK, 1968,

MACHINE RECUIREMENTS - B4K MEMORY
PROGRAMMING LANGLAGE LSED - FCRTRAN IV (H)

g;sﬂAllNG SYSTEM OR MCNITCR UNCER WHICF PRCGRAM IS EXECUTEC -
360.

ANY CTHFR FRCGRAMMING CR CPERATING INFCRMATICN OR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHOR -
Re Jo TUTTLE
ATOMICS INTERNATICAAL
P. C. BCX 209
CANCGA PARK, CALIFCRNIA 91304
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16. MATERIAL AVAILABLE -
SOURCE CECK (266 CARDS)
SAMPLE PROBLEM (207 CARDS)
SAMPLE PRCBLEM CUTFUT (10 PAGES)
REFERENCE REPORT, TI=-707-140-022

17 CATEGORY - Q
KEYWORDS = DCSE RATES, GAMMA RACIATICN, HEATING
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NAME OR DESICNATION OF PROGRAM - 3CB

COMPUTER FCR WHICH PROGRAM 1S DESIGNED AND CTHERS LUFCN WHICH
[T 1S OPERABLE - UNIVACL108, IBN360

DESCRIPTION OF PROBLEM OR FUNCTION - 3DB IS A THREE-DIMENSIONAL
(X=Y=2,R=THETA-Z, TRIANGULAR=Z) MULTICRCUP CIFFUSICN CODE FOR USE
IN DETAILEC FAST-REACTCR CRITICALITY AND BURNUP ANALYSIS. THE
CCDE CAN BE USED TC -
(A) COMPUTE KEFF AND PERFCRM CRITICALITY SEARCHES CN TIME
ABSORPTION, REACTOR CCOMPOSITICN, AND REACTCR CIMENSICNS BY
MEANS CF EITHER A FLUX OR AN ACJCINT MODEL,
(B) CCMPUTE MATERIAL BURNUP USING A FLEXTELE MATERIAL SHFUFFLINC
SCHEME, AND
(C) CCMFUTE FLUX CISTRIBUTIONS FCR AN ARBITRARY EXTRANEOUS
SOURCE.

METHOD OF SOLUTICN - EIGENVALUES ARE CCMPUTEC BY STANCARC SOURCE-
ITERATION TECHNIQUES. GRCUP REBALANCING ANC SUCCESSIVE CVERRE-
LAXATICN WITH LINE INVERSICON ARE USEC TC ACCELERATE CONVERGENCE.
ADJOINT SOLUTIONS ARE CBTAINEC BRY INVERTINC THE INPUT CATA AND
REDEFINING THE SOURCE TERMS. MATERIAL BURANUP IS BY REACTOR ZONE.
THE BURNUP RATE IS CETERMINEC BY THE ZONE AND ENERGY-AVEPAGED
CKOSS SECTICNS WHICH ARE RECCMPUTEC AFTER EACH TIME-STEP. THE
ISOTCPIC CHAINS, WHICF CAN CONTAIN ANY NLMBER CF ISCTCPES ARE
FCRMED BY THE USER. THKE COCE DCES NCT CCATAIN BUILT-IN OR INTER-
NAL CHAINS.

RESTRICTICAS CN THE CCMPLEXITY OF THE PRGBLEM - SINCE VARIABLE
CIMENSICNING IS EMPLOYED, NC SIMFLE BCUNCS CAN PE STATED.

TYPICAL RUNNING TIME - A KEFF CALCULATICN WITF A 20 X 20 X 20 MESH

USING 2 ENERGY GROUPS REQUIRES APPROXIMATELY 30 MINLTES CON A

UNIVACL10B. EACH SUCCESSIVE BURNUP TIME-STEP TAKES ABOUT A QUAR-

TER OF THE ABCVE TIME. ON AN IBM360/195 COMPILATICN AND LINK ECIY

PEQUIRE ARCUT 1 MINUTE AND EXECUTION ABCUT 7 MINLTES FCPR THE

E:FPLE PROBLEM WITK 10 X 10 X 10 MESF USING 2 ZONES ANC 2 ENERGY
ours.

UNUSUAL FEATURES CF THE FRCGRAM - THE INPUT DATA ARE ARRANGED SO
THE CODE CAN BE USED EASILY FCR KEFF AND SEARCH CALCULATICAS WITH-
CUT BURDENINC THE USE® WITK RURNUP PARAMETERS.

PFELATED AND AUXILIARY PRCGRAMNS —= THE FCRMAT CF THE INPUT DATA
(F. G. CRCSS SECTICNS, GEOMETRY, ANC COMPOSITICN SPECIFICATIONS)
IS COMPATIBLE WITH THE CNE- ANC TWC-CIMENSIONAL TRANSPCRT CODES
DTF4 (ACC ABSTRACT 2CS) AND 2DF (ACC ABSTRACT 173), THE PERTUREA-
TICN CODE PERTS, THE CNE-CIMENSIONAL CROSS SECTICN GENERATING CODE
LCX (ACC ABSTRACT 2374), ANC THE TwC-DIMENSIONAL CIFFUSICN BURNUP
ﬁEgsléoa (ACC ABSTRACT 325). ALL SIX CODES USE THE SAME INPUT
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10.

12.

13.

14.
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STATUS - ABSTRACT FIRST CISTRIBUTEC CECEMBER 1573.
UNIVAC1108 VERSICN SUBMITTED CCTCBER 1972.
IRM360 VERSION SUBMITTED JULY 1673, SAMPLE PROBLEM EXE-
CUTED BY ACC.

REFERENCES - R. W. HARDIE AND We W. LITTLE, JR., 3CBy A THREE-
DIMENSTONAL DIFFUSION THEORY BURNUP CCLDEy, BNWL-1264, MARCH 1970.

Ke De LATHROP, DTF-I1V, A FCRTRAN-IV PRCCRAM FCR SOLV-
INC THE MULTIGROUP TRANSPCRT EQUATION WITH ANISCTRCPIC SCATTERING,
LA-3373, JULY 15, 1965.

20Fy A TWO-CIMENSIONAL TRANSPCRT CCCE, CEVELCPEC AT
THE LOS ALAMCS SCIENTIFIC LABCRATCRY, (UNPUBLISFEC).

Re We HARDIE ANC W. We LITTLE, JR.,y PERT-V, A TwO-
DIMENSICNAL PERTURBATION CODE FOR FAST REACTCR ANALYSIS, BNWL-
1162, SEPTEMBER 1969.

R. he HARDIE ANC We Wo. LITTLE, JR., 1CX, A CNE-
DIMENSIONAL DIFFUSICN CCDE FCR GENERATINGC EFFECTIVE NUCLEAR CRCSS
SECTIONS, BNWL-954, MARCH 1S€65.

We We LITTLE, JR. AND R. W. HARDIE, 2DB USERS MANUAL
REVISICN 1, BNWL-831, REV. 1, FEBRUARY 1969.

NTRAN DESCRIPTION, EXCERFT FRCM UNIVAC1107 FCRTRAN IV
MANUALy UP-3569, REV. 1.

ETIME,ETIMEF,SETCR CESCRIPTICNS, EXCERPT FROM
CSCXRJE/CRJE REFERENCE, VOL. 2, LIBRARY ELEMENTS, F00003-02-00,
APRIL 1971.

MACHINE REQUIREMENTS - 65K WCRD MEMORY ANC 11 PERIPFERAL STCRAGE
DEVICES (UNIVAC1108), 500K BYTES AND SAME NUMBER OF MASS STORAGE
UNITS (IBM260)

PROGRAMMINC LANGUAGE USEC - FORTRAN IV

OPERATING SYSTEM OR MCNITOR LADER WHICH FRCGRAM IS EXECUTEC -
EXEC-8 (UNIVAC1108), CS/360 (IBM3€0).

ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTIONS -
OUE TO DIFFERENCES IN WORC SIZE, THE IBM VERSICON USES COUBLE PRE-
CISION. IN ADDITION, CERTAIN I/0 RCLTINES FRCM THE LANIVAC LIBRARY
HAD TO BE WRITTEN IN FORTRAN FOR THE IBM VERSICN.

NAME AND ESTABLISHMENT OF AUTHCRS -
1108 Re We HARDIE AND Wo. We LITTLE, JR.
HANFCRD ENGINEERINC CEVELCPMENT LABRCRATORY
WESTINGHOUSE HANFCRC CCMPANY
Fe C. BCX 1570
RICHLANC, WASHINGTCN 99352

360 We. MROZ
APPLIED MATHEMATICS CIVISICA
ARGONNE NATIONAL LABCRATCRY
9700 SOUTH CASS AVENUE
AKGONNE, TLLINCIS 60439
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E - MAGNETIC TAPE TRANSMITTAL
(1108-2971 CARDS, 26C-2€C4 CARDS)
BLEMS (1108-76 CARCS, 360-76 CARDS)
ORMATION (JCL 360-30 CARDS)

REPCRT, BNWL-12€4, ANC EXCERPTS

GéblHEhSICNAL- X-Y=Zy R-THETA-Z, TRIANGLLAR-Z, MULTI-
- GROUP DIFFLSICN, FAST REACTCRS, CRITICALITY, RURNUP,
- DTF4 CODES, 2DF CCCES, PERTS CCDES, 1CX CCDES, 2CP

i SCCDES
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NAME OR DESIGNATION OF PRNGRAM - BEHAVEZ2

COMPUTER FCR WHICH PROUGRAM 1S CESICNED AND CTHERS UPCN WFEICH
IT IS OPERABLE - CE63%

DESCRIPTION CF PRCBLEM CR FUNCTICN - BEFAVE2 CALCULATES THE PCSI-
TION IN SPACE OF CLACCING, FLFL, AND VOIDAGE IN AN CFERATING OXIDF
FUEL PIN WITH UNFAILEC CLACNDING. AXIAL SYMMETRY IS ASSUMEC
THROUGHOUT THF PRCOGKAM. ALSC CALCULATED ARE STRESS, STRAIN, CIS-
PLACEMENT, AND TEMPERATURE FIFLDS. INFLUENTIAL PRCCESSES SIMU-
LATED INCLLDE CRACKING OF FUEL, CILATATICN CF FUEL ANC CLACCING
NUE TO IRRADIATION EFFECTS AND THERMAL EXPANSICN, FUEL CENSIFICA-
TICN BY BOTH STRESS- AND CIFFUSICN-CCNTRCLLED PRCCESSES, AXIAL
SLIPPAGE OR LONCKING AT THE FUEL-CLADDING INTERFACE ANC AXIAL FLCw
CF EUELS

METHOD CF SOLUTICN = THE FINITE-ELEMFNT METHFCC IS USEC IN TFE
CLADDINC AND OUTER FUEL ZONES. DISPLACEMENT CCMPATIEILITY IS
MAINTAINED AXIALLY AS WELL AS RACTALLY BETWFEN ADJACENT ELEMENTS.
CIRCULAR CYLINDRICAL RING ELFMENTS WITH THREE CECPEES CF FREECOM
ARE USED IN THE FUEL AND CLADDING. NO RELATIVE SHEAR DEFORMATICN
IS PERMITTED BETWEEN FING ELEMENTS, BUT A SPECIAL SHEAR ELEMENT

AT THE FUEL-CLADDING INTERFACE PERMITS RFLATIVE SLIPFACE CR PRC-
CUCES FRICTICN-INCUCEC FUFL PELLET LCCKING. AN INTERIOR INVISCID
FUEL ZONE INTERACTS WITH THF CUTER, STRULCTURAL FUEL ZCNE AS A CON-
STANT PRESSURE BOUNCARY CCNDITION. WITHIN THE INVISCIC ZONE,
AXTAL TRANSFER NF FUEL BY A FLCW PRCCESS CCCURS UNCER CERTAIN CON-
DITIONS. SWELLING OF FUEL AND CLACDING ANC FISSION CAS RELEASES
ARE REPRESENTED BY EMPIRICALLY DERIVEC MCCELS.

RESTRICTICNS ON THE COMPLEXITY CF THE FRCBLEM - THE FRCCRAM IS
DIMENSIONEC FOR A MAXIMUM CGRID STPUCTURE AS DEFINED BFLOW -
CLADDING DIVIDED RACIALLY INTC 10 RINGS,
OUTER (STRUCTURAL) FUEL 2ZCNE DIVICEC RACIALLY IANTC 10 RINGS,
MIDDLE (NCNTRANSPCRT) FUEL REGION CIVICED RADIALLY INTO 10
RINGS,
INNFR (TRANSPORT) FUEL REGICN CIVICED RACIALLY INTC 10 RINGSy
FUEL ANC CLACDING CIVIDECD AXIALLY INTC 5 SECTIONS.

TYPICAL RUNNING TIME - A PRCOBLEM EMPLOYING THE MAXIMLM GRID STRUC-
TURE IN THE FUEL, 2 RINGS IN THE CLACCINCG, ANC 27 TIME-STEPS
REQUIRES ABOUT 13 MINLTES OF GE€&35 PRCCESSCR TIME.

UNUSUAL FEATURES CF THE PRCGRAM -

(A) AXIALLY INTERACTIVE EFFECTS ARE CALCULATEC.

(B) CRACKS ARE REPRESENTED AS A CONTINUUM, PRODLCING ZERC
STRESS NCRMAL TC THE CRACK PLANE. CRACKING CCCURS UNDER
ANY POSITIVE STRESS NCRMAL TC TwhQ POSSIBLE CIRECTICANS CF
CRACKINGy (RyTHETA) ANC (R,Z) PLANES.

(C) RAPID CLCSURE NF THE FUEL-CLACCINC GAP IS ASSUMEC, PER-
MITTED BY IMMECIATE CRACKING OF THE FUEL AT THE FIRST
APPLICATICN OF PCWER.
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AL FEATURES OF THE PROGRAM (CONTINUED)
e FUEL IS DIVIDED INTC TWO PHENCMENCLOGICAL ZONES, THE INNER

D)
‘ JONE BEING MADE UP OF TWO REGIONS. BCUNCARIES BETWEEN THE
2Z0NES AND REGICNS ARE CEFINEC BY TIME-TEMPERATURE RELA-

TICNS AND MOVE IN SPACE AS A FUNCTION CF TIME. CRACK CLO-
SURE IS ASSUMED IN THE INNER ZONE.

(E) THE NODAL GRID IS RECEFINED IN THE RADIAL DIRECTION EVERY
TINE-STEP BY AVERAGING CONDITICAS FRCVM THE CLD GRIC. A
FINE GRID IS IMPCSED IN REGIONS OF RAPIDLY CHANGING PRO-

PERTIES.

8. RELATED ANC AUXILIARY PROGRAMS -

9, STATUS = ABSTRACT FIRST DISTRIBUTED CECEMBER 1973.
GE635 VERSION SUBMITTED OCTCBER 1972.

10. REFERENCES - S. OLCBERG, JR., BEHAVE-2, OXIDE FUEL PERFORMANCE
CODE IN TWO SPATIAL DIMENSIONS AND TIME, GEAP-13788, FEBRUARY
1672.

LLINK DESCRIPTICN, GE NOTE, BNSO, PPS. 3-18, 7-1
THROUGH 7-5, 1972.

11, MACHINE REQUIREMENTS - 41K FAST MEMCRY

12, PRCGRAMMING LANGUACE USEC - FCRTRAN IV

13, CPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM 1S EXECUTED -
GECOS 111, SAL-3.

16, ANY OTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTICNS -

15, NAME AND ESTABLISHMENT OF ALTHOR -

S. OLDBERG, JR.
BREECER REACTOR CEPARTMENT
GENERAL ELECTRIC CCMFANY
310 CEGUIGNE CRIVE
SUNNYVALE, CALIFCRNIA 94086
16, VMATERIAL AVAILABLE - RESTRICTED DISTRIBUTION
MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (6268 CARDS)
SAMPLE FRCBLEM (37 CARCS)
CONTROL INFORMATICN (129 CARDS)
SAMPLE PROBLEM QUTPUT (36 SELECTED PAGES)
REFERENCE REPCRT ANC GE NCTE
1. CATEGORY - 1

KEYNORDS - FUEL ELEMENTS, STRESSES, CLADDING, THERMAL EXPANSION,
FINITE-ELEMENT
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10.

11.
12.

13.

l16.

ACC ABSTRACT S5€S 11/73

NAME OR DESIGNATION OF PROGRAN - VIEWPIN

COMPUTER FCR WHICKF PROGRAM IS CESIGNED AND OTHERS UPON WHICK
IT IS OPERABLE - IBM3éC

DESCRIPTION CF PRCBLEM CR FUNCTICAN - THE PROGRAM CALCULATES VIEW
FACTORS FOR CYLINDRICAL PINS WHENEVER THE PROBLEM CAN BE
REPRESENTEC TWC-DIMENSICNALLY.

METHOD OF SOLUTION - THE PRCGRAM USES A MAXIMUM CF TwO SHADOWING
PINS AND PERFORMS A SIANGLE INTEGRATION.

RESTRICTIONS ON THE COMPLEXITY CF THE FRCBLEM - THE LENGTFH OF
THE CYLINDRICAL PINS CF THE PHYSICAL PROBLEM MUST BE MUCH
GREATER THAN THE DIAMETER OF ANY CF TFE PINS.

TYPICAL RUNNING TIME - THE CCDE WILL CALCULATE FOUR VIEW FACTCRS
PER SECOND WITH AN ACCURACY EXCEECINC 0.01%, CN THE IBM 360/75.

UNUSUAL FEATURES CF THE FROGRAM - A RENORMALIZATICN PROCEDURE
IS PROVIDEC BY THE COCE.

RELATEC ANC AUXILIARY PRCGRAMS - RADHT, A ROUTINE FOR COMPUTING
RADIATION HEAT TRANSFER IN THE BWR-FLECKFT ROC BUNDLE

STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMBER 1S732.
IBM360 VERSICN SUBMITTEC OCTCBER 1972, SAMPLE PROBLEM
EXECUTED BY ACC.

REFERENCE - G. L. SINGER, VIEWPIN, A FCRTRAN PROGRAM TO CALCULATE
VIEW FACTORS FOR CYLINDRICAL PINS, ANCR-1CS54, MARCH 1972.

MACHINE REQCUIREMENTS - SOK BYTES
PROGRAMMING LANGUAGE USED - FGRTRAN IV

OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTEC -
CS/360.

ANY OTHER PROGRAMMING OR CPERATING INFCRMATICN OR RESTRICTIONS -

NAME AND ESTABLISHMENT OF AUTHCR =
G. L. SINGEP
AEROJET NUCLEAR COMPANY
P. C. BCX 1845
IDAHC FALLS, IDAHC 83401

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE DECK (550 CARDS)
SAMPLE PROBLEM (106 CARDS)
CONTROL INFORMATION (JCL 9 CARCS)
LOAD MODULE PROLIBC (2S5 BLOCKS)
REFERENCE REPCRT



=2 13

NTS, CYLINDERS, RADIATION EFFECTS, 2-DIMEN-
RACHT CCCES
¥
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5.

10.

ACC ABSTRACT 570 01/74

NAME OR DESIGNATICN OF PROGRANM = STRIPE(M0650)

CCMPUTER FCR WHICh PRCCRAM IS CESICNED ANC OTHERS UPON WKICFK
IT IS NDPERABLE - CDC6€CO

NESCRIPTICN CF PRCBLEM CR FUNCTION - STRIPE EXAMINES THE DEFORMA-
TIONS IMPOSED ON THE CLADDING CF CYLINDRICAL FUEL ELEMENTS DUE TO
CIFFERENTIAL THERMAL EXPANSIONS DURING ABRUPT POWER INCREASES.

THE TITLE IS TAKEN FRCM STRESSES ANLC CRACKING IN PELLETS. TFE

CALCULATICNAL MODEL INCLUDES EFFECTS CF PELLET CRACKING, TFE CCN-
STRAINT OF SYSTEM PRESSURE ANC CLACCING, COMPRESSIVE PLASTIC FLCW
IN THE FUEL AND THE TEMPERATURE CEPENCENCE OF MATERIAL PROPERTIES.

METHCD CF SOLUTICN - THICK-WALLED INTEGRAL SCLLTIONS ARE USED FCR
VARIOUS REGICNS OF THE FUEL PELLETS ANC CLACCING. TRAPEZCICAL
INTEGRATION IS USED IN FINITE-DIFFERENCE EQUATICNS TC APPRCXIMATE
THESE INTECGRALS THAT RESULT IN CESCRIBINC DIFFERENTIAL THERMAL
EXPANSION. THE METHOD NF BISECTICN ITERATICN SCHEME IS USEC TC
SOLVE A PAIR OF NONLINEAR ALCEBRAIC-INTEGRAL EQUATIONS TO DETER~-
MINE THE DEPTH OF CRACKING.

RESTRICTIONS ON THE COMPLEXITY OF THE PRCBLEM - MAXIMA OF -

100 RADIAL SECTIONS IN THE FUEL FCR THE CCMPUTING GRIC

50 RADIAL SECTIONS IN THE CLAD FCR THE CCMPUTINC CRIC
FLASTIC-PERFECTLY PLASTIC PROPERTIES ARE USED FCR BOTH THE PELLET
ANC CLAD.

TYFICAL RUNNING TIME - RUNNING TIME IS TYPICALLY ABGOLT 5 SECCNDS
PER CASE. IF PLASTIC FLCw OR CLAC YIELCING CALCULATIONS ARE
REQUIRED, THE COMPUTER TIME INCREASES TO ABOUT 30 SECCNDS PER
CASF.

UNUSUAL FEATURES OF THE PROGRAM - STRIPE DETERMINES THE DEPTF CF
RADIAL CRACKING AND ITS EFFECTS ON PELLET EXPANSION. IT ACCCUNTS
FOR A PLASTIC INNER ZONE IN THE FUEL PELLET AS WELL AS YIELDING OF
THE CLADDING. SEVERAL AXIAL RESTRAINT OPTIONS SUCH AS PLANE
STRAIN OR PLANE STRESS ARE AVAILABLE.

RELATED ANC AUXILIARY PROGRAMS - ESSENTIAL TEMPERATURE PROFILES
MAY BE OBTAINED FRCM CUTPUT CF THE PRCGRAM FIGRO (ACC ABSTRACT
272)y WHICF SOLVES THE RADIAL HEAT CCADUCTION PRCEBLEM FOR CYLIN=
275?:5 :g:LOE%EMENTS' USING A TEMPERATURE VARYING THERMAL CONDUC-
XIDE FUELS. STRIPE USES THE BETT R AL ROU-
TINES (ACC ABSTRACT 478). b

STATUS - ABSTRACT FIRST DISTRIRUTEC CECEMBER 1973,
CDC€600 VERSION SUBMITTED NOVEMBER 1672.

REFERENCES - We Jo. C'DCNNELL, W. G. CLARKE, ANC
s G ' We R. CAMPBELL, AN
?:étzg:zco;";aézgégﬂ Etw STRAINS IN CYLINDRICAL FUEL ELEMENTS
OXICE PELLET CRACK
WAPD-TM-652, FEBURARY 1970. CETNG A
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10.

1.
12.
13.

14,
15,

1¢.

7.

REFERENCES (CCNT INUED)
C. J. PFEIFER, CCC-6600 FORTRAN PROGRAMMING - BETTIS
ENVIRONMENTAL REPORT, WAPD-TM-668, JANUARY 1967.

MACHINE REQUIREMENTS = 45,000 OCTAL LCCATIONS CF CENTRAL MEMORY
PROGRAMMING LANGUACE USEC - FORTRAN 1V

OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED =
SCCPE 3.1.

ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTICAS -

NAME AND ESTABLISHMENT OF AUTKCRS -
We J. O'DONNELL
C'DCNNELL ANC ASSOCIATES, INC.
5100 CENTRE AVENUE
PITTSBURGH, PENNSYLVANIA 15232
We Go CLARKE ANC W. R, CAMPBELL
BETTIS ATOMIC POWER LABCORATCRY
WESTINGHCUSE ELECTRIC CCRPORATION
P. C. BCXx 79
WEST MIFFLIN, PENNSYLVANIA 15122

MATERIAL AVAILABLE - RESTRICTEC CISTRIBUTICN
SOURCE DECK (987 CARDS)
SAMPLE FRCBLEM (114 CARCS)
REFERENCE REPORT, WAPC-TM=-652

CATEGORY - |
KEYWORDS - DEFORMATICN, CYLINCERS, FUEL ELEMENTS, CLACDING, THER=
MAL EXPANSION, STRESSES .
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NAME OR DESIGNATION OF PROGRAM - CHECK2/RIGEL3

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND CTHERS UPCN WHICK
IT IS OPERABLE - CDC6600, IBM360

DESCRIPTICN CF PROBLEM OR FUNCTION - THESE PRCGRAMS ARE USEC TO
PROCESS ENCF/B VERSION II1 DATA. IN ADDITION, THE CDC6600 PRC-
GRAMS WILL PROCESS ENDF/B VERSION IV CATA. CFECK3 CKECKS THAT THE
ENDF/B TAPES ARE IN PROPER FORMAT AND ALL FIELDS ARE WITHIN SPECI-
FIED LIMITS, RATHER THAN THE PHYSICS OF THE DATA LIBRARY. ANGULAR
DISTRIBUTICNS RECCNSTRUCTED FRCM LEGENCRE COEFFICIENTS ARE EVERY-
WHERE POSITIVE. RIGEL3 WILL PERFORM ANY OR ALL CF THE FOLLCWING
OPERATIONS - SELECTIVELY RETRIEVE ENCF/B DATA CN FROM 1 TO S
ENDF/B TAPES, MERGE RETRIEVED ENDF/B DATA CNTC FROM 1 TO 8 ENCF/B
RESULT TAPES, CHANGE TAPE ARRANGEMENT (FRCM STANDARD TO ALTERNATE
OR VICE-VERSA) AND CHANGE TAPE MCCE.

METHCD OF SOLUTION - IN CHECK2 MOST DATA ARE SUBMITTED TO RANGE
LIMIT CHECKS TO INSURE THE STRUCTURE AGREES WITH ENDF/B-CEFINED
SPECIFICATIONS. THE DEVIANT POINT CHECK (DETECTICN OF MISPUNCHED
VALUES) IS ACCCMPLISHED BY SEQUENTIALLY CHECKING FIVE DATA PCINTS,
TWO POINTS CN EITHER SIDE OF THE PCINT UNDER SCRUTINY, FCRWARD
EXTRAPOLATION ON THE FIRST TwD POINTS, REVERSE EXTRAPCLATICN CN
THE FOURTH AND FIFTH, ANC INTERPOLATICAS BETWEEN THE SECOND AND
FOURTH POINTS. [IF THE THIRD POINT DCES NOT FALL WITFIN THE RANGE
CF THE VALUES CALCULATED BY EXTRAPOLATIONS AND INTERPOLATION, THE
VALUE IS LISTED AS DEVIANT. [IN ESSENCE, THE ABOVE PROCECURE MERE-
LY SIMULATES A CHECKING CF GRAPHICAL DATA BY EYE. CHECKING COF
LEGENDRE CCEFFICIENTS FOR FEASIBILITY AND POSITIVITY IS ACCOM-
PLISHED BY CCNVERTING THE COEFFICIENTS TC MOMENTS, CFECKING
WHETHER MOMENTS ARE PHYSICALLY POSSIBLE AND TESTING WHETHER TKE
LEGENDRE EXPANSICN IS NEGATIVE WITHRIN THE INTERVAL -1 TO 1 BY TkE
STURM SEQUENCE METHOD. IF THE LEGENDRE EXPANSICN IS NEGATIVE, IT
IS DEFINED OVER THE NECATIVE REGION(S) AND INTEGRATED, THUS DETER-
MINING THE TCTAL NEGATIVE PRCRARILITY.

RESTRICTICNS ON THE CCMPLEXITY OF THE PROBLEM - IN CHECK3 CORRECT
STRUCTURE CF THE DATA TAPE IS ASSUMEC AND MINOR ANOMAL IES ARE
NOTED. COMMON AND MAJCR IRREGULARITIES CAUSE TERMINATICN CF EXE-
CUTICN ACCCMPANIEC BY A CORE CUMP.

TYPICAL RUNNING TIME -

UNUSUAL FEATURES CF THE PROGRAM - IN CHECK3 THERE ARE TwWO OUTPUT
OPTIONS - (A) LONG FORM, WHICH LISTS EACH CARD IMAGE AS WwELL AS
THE ANCMALIES ENCCUNTEREC, ANC (B) SKORT FORM, WHICH LISTS ONLY
THE ANOMALIFS ENCCUNTERED BY THE PRCCRAM (MINIMUM CUTPUT OPTION).

RELATED ANC AUXILIARY FROGRAMS -

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1673,
CCC6600 VERSICNS OF CHECK3 ANC RIGEL3 SUBMITTED AUGLST
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STATUS (CCNTINUED)
1972.
IBM360 VERSICON OF KIGEL3 SUBMITTED JUNE 1972.

REFERENCE - MATICANAL NEUTRCN CROSS SECTICN CENTER, DESCRIPTION OF
THE ENDF/B PROCESSING COCES AND RETRIEVAL SUBROUTINES, BAL-50300
(ENDF=110), SEPTEMBER 1967, REVISED APRIL 1966, REVISED SEPTEMBER
1670, REVISEC JUNE 1971.

VACHINE RECUIREMENTS - FOR CHECK3 2 SCRATCH DEVICES
PROGRAMMING LANGUAGE USEC - FCRTRAN IV

CPERATING SYSTEM CR MCNITCR UNCER WHICH PRCGRAM IS EXECUTED -
SCOPE (CDCEECO), 0S/36C (1BM360).

ANY OTHFR PRCGRAMMING CR CPERATING INFCRMATICN OR RESTRICTIONS =

NAME AND ESTABLISHMENT OF AUTHORS -
6600 EDELLI COZER
NATICANAL NEUTRCN CRCSS SECTICN CENTEF
BROUOKHAVEN NATIONAL LABCRATCRY
UPTCNy, LCNG ISLANC, NEW YCRK 11972

360 E. M. PENNINGTON
APPLIED PHYSICS DIVISICN
ARGONNE NATICNAL LABCRATCRY
9700 SOUTH CASS AVENUE
ARGONNE, ILLINCIS €0435

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SCURCE CECKS (CHECK3 6600-3455 CARCS, RIGEL2 6600-2125 CARDS,
360-2123 CARDS)
REFERENCE REPORT

CATEGORY = M
KEYWORDS - DATA PROCESSING, CROSS SECTICNS, GRAPHS, INPUT DATA,
ENDF/B, LIBRARIES, MAINTENANCE, RETRIEVAL
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1.

3.

ACC ABSTRACT £72 01/74

NAME OR DESIGNATICN CF PRCGRAM - XLACS

COMPUTER FCR WHICK PRCGRAM IS CESICNED AND OTHERS UPCN WHICH
IT IS OPERABLE - IBM3EOQ

DESCRIPTICN OF PROBLENM COR FUNCTION - XLACS CALCULATES FINE-GRCUP
AVERAGED NEUTRON CROSS SECTICNS FRCOM ENCF/B CATA. ITS PRIMARY
PURPOSE IS TO PRODUCE FULL RANGE MULTIGRCUP LIBRARIES FCR THE
XSDRN PROGRAM (ACC ABSTRACT 493). PRCVISICONS ARE INCLUDED FOR
TREATING FAST, RESONANCE, AND THERMAL ENDF/B CATA. FINE-GRCUP
ENFRGY STRUCTURES AND EXPANSION ORDERS USED TC REPRESENT DIFFER-
ENTIAL CROSS SECTICONS FOR XSCRN CAN BE ARBITRARILY SET BY TkE
USER. CROSS SECTIONS CAN BE AVFRAGED OVER AN ARBITRARY INPUT

WE IGHT ING FUNCTICN CF BY ANY OF SEVERAL BUILT-IN FUNCTIONS.

METHOD OF SOLUTION - IN THE RESCLVED RESONANCE RANCE XLACS ACCEPTS
EITHFER SINGLE CR MULTI-LEVEL BREIT-WIGNER PARAMETERS AND CALCU-
LATES INFINITE DILUTICN ANC BACKGRCUNC CRCSS SECTICAS CONSISTENT
WITH THE NORDHEIM INTEGRAL TREATMENT LSED IN XSDRN. DCPFPLER
BROACENING 1S PROVIDEC THROUCF THE USE CF PSI ANC CHKI ROUTINES.
THE UNRESOLVED TREATMENT STEMS FROM MC**2 (ACC ABSTRACT 355) BUT
HAS BEEN MCCIFIED TO TREAT THE OVERLAP OF UNRESOLVED RESONANCE
SEQUENCES. UNRESOLVED CROSS SECTICAS INCLUDE SCME SHIELCINC
EFFECTS THROUGH A (1/SIGMAT) WEIGHTING AND CAN INCLLCE DOPPLER
BROADENING. SMCCTH CROSS SECTIONS ARE CALCULATEC BY AVERAGING THE
ENCF/B POINT DATA OVER EITHER A USER-SUPPLIED INPUT SPECTRUM OR
BUILT-IN SPECTRA. ELASTIC SCATTERING MATRICES ARF COMPUTED FRCWM
THE SCATTERING ANGULAR DISTRIBUTICN CATA SPECIFIEC AS LECGENDRE
EXPANSICN COEFFICIENTS. AN INELASTIC SCATTERING TREATMEAT IS
PROVIDED FCR ALL PRESENT FORMS OF ENCF/B FILE S DATA USING EITHER
A DISCRETE LEVEL CR AN EVAPCRATICN MCCEL. THERMAL CRCSS SECTION
MATRICES ARE CALCULATED THROLGH THE USE OF PRCCEDURES TAKEN FRCM
THE FLANGE2 CODE (ACC ABSTRACT 368).

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE PRINCIPAL
RESTRICTICN IS THE AVAILABILITY OF ACECUATE CCRE STORAGE TO ASSI-
MILATE REQUIRED ARRAYS. THE CODE IS FLEXIBLY-CIMENSICONED WkICH
MEANS THAT ARRAY SIZES ARE SET FOR THE PARTICULAR PROBLEM AT EXE-
CUTION TIME. CORE STCRAGE REQUIREMENTS ARE NOT AFFECTEC BY TKE
NUMBER CF NUCLIDES IN A CASF.

TYPICAL RUNNING TIME - RUNNING TIME IS A FUNCTION OF NUMBER CF
RESONANCES, NUMBER OF GROUPS, DOPPLER BRUADENING, ANC NUMBER CF
THERMAL SCATTERING KERNELS BEING CALCULATED. A U228 CALCULATION
WITH 68 GRCUPS, NO THERMAL CALCULATICA, ANC NC CCPPLER BRCACENINC
RECUIRES 1.65 MINUTES. A PU229 CALCULATION WITH 123 GROUPS (30
THERMAL), CNE THERMAL KERNEL, ANC CCPPLER BERCACENING TAKES 6.72
MINUTES. THE CALCULATICN OF BOTH FE AND k20 WITH 123 GRCUPS (30
THERFMAL)y ANC ONE THERMAL KERNEL REQUIRES 4.74 MINUTES.

UNUSUAL FEATURES OF TFE PROGRAM - IN CONTRAST WIT
H MCST ENDF/B
PROCESSING PROGRAMS, THE VARIABLE CIMENSIONING TECHNIQUE EMPLOYED
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UNUSUAL FEATURES OF THE PROGRAM (CONTINUED)

BY XLACS PERMITS CPTIMAL USE OF AVAILABLE CORE STORAGE. TKE PRO-
GRAM TREATS BOTH FAST AND THERMAL ENDF/B DATA IN A SINGLE CALCULA-
TION. MIXED ENDF/B TAPE MODES (BCD AND BINARY) ARE PERMITTED.

FOR CONVENIENCE, EDITING, UPCATING, ANC PLCTTING CAPABILITIES ARE
PROVIDED .

RELATED AND AUXILIARY PRCGRAMS - WHEN ANGULAR DISTRIBUTIONS OF
SFCONDARY NEUTRONS ARE SPECIFIED AS TABULAR FUNCTIONS THE SAD
PROGRAM MUST BE USED PRICR TO RUNNING XLACS TO CONVERT THE DATA TC
LEGENDRE EXPANSICN COEFFICIENTS. THE XSDRN PROGRAM USES THKE CROSS
SECTIONS GENERATED BY XLACS. HOWEVER, THE XSORN TAPE FORMAT PRO-
DUCED BY XLACS IS SCMEWHAT MORE GENERAL THAN THE TAPE FORMAT USED
BY PRESENT XSDRN CODES. AN AUXILIARY FRCGRAM, CCNVERT, IS AVAIL-
ABLE TO CONVERT TO THE USABLE FORMAT,

STATUS - ABSTRACT FIRST DISTRIBUTED CECEVMBER 1973.
1EM360 VERSION SUBMITTED NOVEMBER 1972, SAMPLE PROBLEM
EXECUTED BY ACC.

REFERENCES - N. M. GREENE, J. L. LUCIUS, J. E. WHITE,
R, Q. WRIGHT, C. Ww. CRAVEN, JR., ANC M. L. TOBIAS, XLACS, A PRO-
GRAM TO PRCDUCE FINE GROUP AVERAGED NEUTRCN CRCSS SECTICNS FROM
ENDF/By ORNL-TM-3646, APRIL 2, 1972.

M. K. DRAKE, ECITOR, CATA FCRMATS ANC PROCECURES FOR
THE ENDF NEUTRON CROSS SECTION LIBRARY, BNL-50279, CCTCBER 1970.

Ne M. GREENE ANC C. W. CRAVEN, JR., XSDRN, A DISCRETE
ORDINATES SPECTRAL AVERAGING CODE, CRAL-TM-2500, JULY 1969.

L. W. NORDHEIM, THE THEORY OF RESCNANCE ABSORPTICN,
SYMPOSIUM CN APPLIED MATHEMATICS, VCL. 11, 1961.

D. Mc O*SHEA, B. J. TCPFEL4. AND A. L. RACO, MC**2 -
:CODE TO CALCULATE MULTIGRCUP CROSS SECTIONS, ANL-7218, JUNE
967,

He C. HONECK ANC D. R. FINCH, FLANGE-II, A CCDE TO
:ROCESS THERMAL NEUTRCN DATA FROM AN ENDF/B TAPE, DP-1278, CCTCBER
S71.

FACHINE RECUIREMENTS - 330K BYTES CF CORE STORAGE AND EXTERNAL
STOKAGE DEVICES SUCH AS MAGNETIC TAPES CF CISKS

PROGRAMMING LANGUAGE USED - FCRTRAN IV

g;ERATlNG SYSTEM OR MONITOR LNDER WHICH PRCGRAM IS EXECUTED -
/360.

ANY CTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTICNS -
THE PROGRAM IS PRESENTLY USEC IN A 3-LEVEL OVERLAY STRUCTURE CON-
SISTING OF 19 SEPARATE SEGMENTS. TwC FUNCTICAS, MCCEL AND ICLOCK,
ARE NOT INCLUDED WITH THE PROGRAM AND SHOULD BE DUMMIED OUT.

NAME AND ESTABLISHMENT OF AUTHCRS -
Ne M. GREENE, Jo Lo LUCIUSy, Jo Eo WHITE,
R. C. WRIGFT, C. W. CRAVEN, JR., ANC V. L. TCEIAS
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15.

lé6.

17.

ABSTRACT 572

NAME AND ESTABLISHMENT CF AUTHOR(S) (CONTINUED)
OAK RIDGE NATICNAL LABORATORY
P. 0. BOX X
CAK RIDGE, TENNESSEE 37830

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL

SOURCE DECKS (XLACS 12,973 CARCS, CCNVERT 563 CARCS)

SAMPLE PROBLEMS (XLACS 47 CARDS)

CCNTROL INFORMATION (XLACS 80 CARDS)

LOAC MOCULE XLAC (567 BLCCKS)

SAMPLE PROBLEM QUTPUT ON TAPE (PRCBLEM1 99 ELCOCKS, PROBLEM2
89 BLOCKS)

SAMPLE PRCBLEM CUTPUT (42 SELECTEC PACES)

REFERENCE REPORT, ORNL-TM-3646

CATEGORY - B
KEYWORDS - NEUTRCN CROSS SECTICONS, MULTIGRCUP LIBRARIES, ENDF/B,
XSDRN CCDES, SAD COCES, MC#**2 CCDES, FLANGE2 CODES

-3- 01/74
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NAME OF DESIGNATION OF PRCGRAM - TwOTRAN-PNVW

(OMPUTER FCR WHICH PRCGRAM IS CESIGNEC ANC CTHERS UPCN WHICH
IT 1S DPERABLE - CDC66C0/7600

NESCRIPTION CF PRCBLEM OR FUNCTION - TWCTRAN=PNVW SOLVES TwO-
NIMENSIONAL PARTICLE TRANSPCRT PRCBLEMS FCR X-Y, R-2, ANC R-TFETA
CFCMETRIES. BOTH CIRECT AND ADJOINT, HOMCGENECULS (KEFF OR PARA-
METRIC EIGENVALUE SEARCHES) CR INHCMCGENECUS TIME-INCEPENDENT
PRCBLEMS ARE SOLVED SUBJECT TO VACUUM, REFLECTIVE, PERIODIC OR
INPUT SPECIFICATICN CF BOUNCARY FLUX CCNDITICNS. PBOTH ANISCTROPIC
INFOMOGENECUS PROBLEMS AND GENERAL ANISOTROPIC SCATTERINC PRCBLEMS
ARE TREATFC.

METHOD OF SOLUTION = TWOTRAN-PAVW IS CESIGANED TC SCLVE CISCRETE
ORDINATES EQUATIONS THAT HAVE BEEN CCNVERTED TC EQUATIONS LIKE
SPHERICAL FARMCNICS ECLATICNS TO ELIMINATE RAY EFFECTS. THE CON-
VERSION IS ACCOMPLISHED BY USING A SPECIALLY CCASTRUCTED SOURCE.
CCNSTRUCTICN OF THE SPECIAL SOURCE IS CPTICNAL SC THAT NCRMAL
DISCRETE ORDINATES EQUATICN SCLUTICNS ARE ALSO PCSSIEBLE. SPACE
DEPENDENCE IS APPROXIMATED USING A VARIABLE-WEIGHTED DIAMONC-CIF-
FERFNCE SCHEME FOR CALCULATING SPATIAL CERIVATIVES. ENERGY
DEPENDENCE IS TREATED BY THE MULTIGRCUF APFRCXIMATICAN. ANISOTRO-
PIC SCATTERING ANC ANISOTRCOPIC INHOMOCENEOUS SCURCES ARE REPRE-
SENTED BY FINITE SPHERICAL HARMONICS EXPANSICNS. WITHIN GROUP
ITERATIONS, KEFF ITERATIONS AND EIGENVALUE SEARCH ITERATICNS ARE
ACCELERATEC BY A CCARSE MESH PARTICLE REBALANCING ALGORITHM,

RESTRICTIONS ON THE CCMPLEXITY CF THE PROPLEM - THE VARIABLE-
DIMENSICNING CAPABILITY CF FORTRAN IV IS USED SO THAT ANY COMBINA-
TION OF PRCBLEM PARAMETEFRS LEACING TC A CCMMCN VECTCR LENGTF LESS
THAN MAXLEN CAN BE USED. MAXLEN IS SLIGHTLY GREATER THAN 40C,0CO
WORDS FOR THE CDC7600. WITH A FEW EXCEPTICNS ONLY WITHIN-GROUP
PROBLEM DATA ARE STOREC IN FAST MEMORY. DATA FOR ALL CTHER GROUPS
ARE STORED IN AUXILIARY STCRACE. ARBITRARY NUMBERS OF GROUPS OF
UP DR DOWN SCATTERING ARE ALLCWED.

TYPICAL RUNNING TIME - A CNE-CROUP, S8 CONVERTED TO PS5, ISOTROPIC
PROBLEM WITH MESH SIZE 20 X 2C REQUIRES 12 SECCNCS CN THE CDC7600.

UNUSUAL FEATURES CF THE PROGRAM - UNUSUAL FEATURES INCLUDE
OPTIONAL SPHERICAL HARMONIC OR CISCRETE CRDINATE SOLUTICA, COARSE
MESH CONVERGENCE ACCELERATION, COARSE MESH SPATIAL AND ANGULAR
ORGANI ZATICN TC PERMIT LARGER PROBLEMS, GENERAL ANISOTROPIC SCAT-
TERING AND INHOMOGENEGUS SOURCE CPTICN, INPUT SPECIFICATICA CF
TCP, BOTTCM CR RIGHT BCUNCARY FLUXES, BUILT-IN DISCRETE ORDINATES
CONSTANTS (S2, S4, ...S16) ANC FICC CRCSS SECTICN INPUT CPTICN.

RELATED ANC AUXILIARY FRCGRAMS - TWOTRAN CENERAL-GECMETRY (ACC
8BSTRACT 358)
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S. STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMBER 1S73.
CDC7600 VERSICN SUBMITTEC NCVENMBER 1972.

10. REFERENCES - K. Do LATHRCP, F. W. BRINKLEY, AND P. RCOD, THEORY
AND USE OF THE SPHERICAL HARNMONICS, FIRST COLLISICN SCURCE, ANC
VARIABLE WEIGHT VERSIONS OF THE TWOTRAN PRCGRAM, LA-4600, MARCH

972
a Ke Do LATHROP AND F. we BRINKLEY, THECRY ANC USE OF
THE GENFRAL-GEOMETRY TWOTRAN PROGRAM, LA-4432, MAY 1570.

RAY DAVENPORT (EC.), ELEMENTARY CUICE TC THE CONTROL
DATA 7600, UNIVERSITY OF CALIFCRNIA, LCS ALAMCS SCIENTIFIC LABCRA-
TORY, PROGRAMMERS INFCRMATICON MANUAL, VOL. 5A, 1672.

11. MACHINE REQUIREMENTS - 5 OUTPUT UNITS (DISK, CRUMS CR TAPES) IN
ADDITION TO 2 SYSTEM INPUT/QUTPUT UNITS, A CDC EXTENDED CORE
STORAGE UNIT OR A LARGE BULK MEMCRY (CISK, CRUMS OR TAPES CAN BE
SUBSTITUTEC FOR THIS REQUIREMENT)

12. PROGRAMMING LANGUAGE USEC - FCRTRAN IV

13. CPFRATING SYSTEM CR MCNITOR UNDER WHICF PRCGRAM IS EXECUTED -
CROS.

14. ANY CTHER PROGRAMMINCG CR OPERATING INFORMATICN OR RESTRICTIONS -

15. NAME ANC ESTABLISHMENT OF AUTHCRS -
Ke Do LATHROP AND F. We. BRINKLEY
LCS ALAMCS SCIENTIFIC LABCRATCRY
P. O. BOX 1€6€3
LCS ALAMOS, NEW MEXICO 87544

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (6394 CARCS)
SAMPLE PRCBLEM (86 CARCS)
SAMPLE PROBLEM OUTPUT (30 PAGES)
REFERENCE REPCRT, LA-4600

17. CATEGORY - C
KEYWORDS - 2-CIMENSIONAL, X-Y, R-Z, R-THETA, TRANSPORT THEORY,
SPHERICAL HARMONICS, TWOTRAN GENERAL GECMETRY COCES
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NAME OR DESIGNATION OF PROGRAM - MACS LATTICE VIBRATICON CODES

COMPUTER FCR WHICH PRCGRAM IS CESIGNEC ANC CTHERS UPCON WHICFK
IT 1S OPERABLE - IBM3éC

DESCRIPTION OF PRCBLEM CR FUNCTICN - THIS PACKACE OF SEVEN RELATED
CODES 1S BASICALLY AIMED AT GIVING MAXIMUM CAPABILITY FOR
CALCULATING SLCW-NEUTRCN SCATTERING BY MODERATCRS.

MACS-C COMPUTES CRYSTAL VIBRATICNS WHEN THE POTENTIAL ENERCY IS
A SUM OF PARTS ARISING FROM SHORT-RANGE FORCES AND LCNG-RANGE CCu-
LOMB INTERACTIONS. IT ALSC CBTAINS JACCBIAN MATRICES FOR DETER-
MINING ADJLSTMENTS IN FORCE CONSTAANTS ANC ICNIC CHARGE WHICF CAN
LEAD TO IMPRCVED AGREEMENT WITH CATA. STRUCTURE FACTORS FCR NEU-
TRON INELASTIC SCATTERING CAN ALSC BE CALCULATEC.

MACS-J COMPUTES THE DYNAMICAL MATRIX FOR THE HARMCNIC OSCILLA-
TICNS OF A CRYSTAL, ITS EIGENVALUES AND EIGENVECTCRS, THE CORRE-
SPONDING STRUCTURE FACTORS FCR COHERENT SINGLE-FHONCAN SCATTERINGC
OF NEUTRONS, AND JACOBIAN MATRICES FOR USE IN ADJUSTING FORCE
CONSTANTS TC FIT CALCULATEC TC CBSERVED DISPERSION CURVES.

REVISED-D CALCULATES VALANCE COCRDINATES IN TERMS OF MASS
ACJUSTED ATOM DISPLACEMENTS, TOGETHER WITH CCCRDINATES WHICH
DEFINE RIGID GRCUP RCTATICNS.

REVISED-MVFC CONSTRUCTS FORCE CONSTANT MATRICES FCR USE IN
VALANCE FORCE POTENTIAL FUNCTIONS WHICK ARE USED IN OTHER PROGRAMS
DEALING WITH MOLECULAR AND CRYSTAL VIBRATICNS.

ADJUSTER IS A FORCE ADJUSTER PROGRAM TO OBTAIN A LEAST SQUARES
FIT TO OBSERVEC FREQUENCIES CF MOLECULES ANC CRYSTALS.

DIPOLE-SUM CALCULATES DIPCLE SUMS FCR AN ARBITRARY CRYSTAL.

MODEL-PI CALCULATES CRYSTAL VIBRATIONS WHEN THE POTENTIAL
ENERGY IS A SUM DF SHCRT-RANGE ANC LCNG-*CR INTERMECIATE-RANGE
TERMS IN THE DIPOLE COORDINATE APPROXIMATION. IT ALSO CBTAINS
JACOBI AN MATRICES FOR USE IN ADJUSTING INPUT PARAMETERS.

FETHCD CF SOLUTION -

IN MACS-C, ADJUSTER, AND REVISED-C, MATRIX MANIPULATIONS ARE
APPLIED TD MATRICES WHICH DESCRIBE PHYSICAL CCACITICNS.

IN MACS-J, FIRST-ORCER DIFFERENCE EQUATIONS ARE SLBSTITUTED FOR
PARTIAL DIFFERENTIAL ECUATIONS FOR JACCBIAN ELEMENTS.

IN MVFC THE USER EMPLOYS A SET CF CRITERIA FCR CEFINING DIFFER-
ENT TYPES CF INTERACTICNS TO PREPARE BY KFAND THE INPLT TO THE PRO-
GRAM, FOR EXAMPLE, IF TWO-ANGLE CCCRCINATES wWHICK FAVE A CCMMON
ATOM AT THE END OF A LEG OF FACH ANGLE INTERACT, THE USER MUST
SPECIFY THE ASSOCIATED CRITERIA WHICK INCLUDE THE DISTANCE BETWEEN
THE TWO APEX ATOMS AND BETWEEN THE FARTHEST SEPARATEL LEC ATOMS.
THE REVISEC-MVFC CODE USES THE POSITICNS IN THE PRIMITIVE CELL AND
SEARCHES FCR ALL CCORDINATE INTERACTICAS WHICH SATISFY EACK OF THE
CRITERIA STIPULATED IN MVFC. THE USER IS SPARED THE TEDICUS TASK
OF CALCULATING ANGLES EETWEEN BONCS, CISTANCES BETWEEN ATOMS, ETC.

IN DIPOLE-SUM, THE PROCECURE CF KAPLAN ANC SULLIVAN IS APPLIED.

IN MODEL-PI, THE EICENVALUES AND EIGENVECTCRS CF A CCMPLEX
HERMITIAN MATRIX ARE USED.
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TRICTIONS UPON THE COMPLEXITY OF THE PROBLEM -

:E: A{L CODES WHICH PRODUCE EIGENVECTCRS, NEARLY EQUAL EIGENVALUES
CAN BE ENCCUNTEREC, IN WHICH CASE THE BASIS VECTORS FOR THE
CORRESPONDING VECTOR SUBSPACE ARE NCT UNIQUELY CETERMINEC.

IN MACS-C, THE LARGEST JACOBIAN MATRIX WHICH CAN BE CCMPUTED IS
40 X 15. THE LARGEST FORCE CONSTANT VECTOR APPLIED IS OF DIMEN-
SION 15. THE LARGEST REAL OR CCMPLEX MATRICES ARE 40 X 40.

IN MACS-J, THE LARCEST REAL AND COMPLEX MATRICES ARE 32 X 32.
THE LARGEST FORCE CONSTANT VECTOR IS OF DIMENSION 50.

IN REVISED-Dy THE LARGEST NUMBER CF ELEMENTS IN 3-DIMENS IONAL
ARRAYS IS 2400. THE MAXIMUM NUMBER CF GRCUPS IS 20. THE MAXIMUN
NUMBER OF ATCMS PER GROUP IS 50. THE LARGEST FORCE CONSTANT
VECTOR IS OF DIMENSION 30.

IN REVISED-MVFC, THE LARGEST INCICES COF 3-DIMENSIONAL VARIABLES
ARE (20,848). THE LARGEST MATRICES ARE 150 X 150. THKE CIMENSION
OF THE LARGEST FORCE CCNSTANT VECTOR IS 60.

IN ADJUSTER, THE LARGEST MATRICES ARE 32 X 32.

IN DIPOLE-SUM, THE LARGEST NUMBER OF ALPHA-BETA PAIRS IS 15.
THE LARGEST NUMBER OF K-KPRIME PAIRS IS 15.

IN MODEL-PI, THERE CANNCT BE MGRE THAN 4 CiPCLES FER FRIMITIVE
CELL. THE LARGEST MATRICES ARE 22 X 32. THE DIMENSION COF THE
LARGEST FORCE CCANSTANT VECTOR IS 50.

TYPICAL RUNNING TIME -

A MACS-C SAMPLE PRCBLEM DEALING WITH 6 MATRICES OF SIZE 16 X 6
REQUIRES LESS THAN 3 SECONDS WITH CCMFILE-RUN-WAIT TIME LESS TEAN
42 SECONDS.

A MACS-J SAMPLE PRCBLEM DEALING WITF 6 MATRICES OF SIZE 16 X 6
ANC 7 DIMENS IONAL FORCE CONSTANT VECTORS REQUIRES LESS THAN 50
SECONDS WITH COMPILE-RUN-WAIT TIME LESS THAN 74 SECONDS.

A REVISED-D SAMPLE PRCBLEM DEALING WITH 6 ATCM CGRCUPS CONTAIN-
INC (44442424242) ATOMS REQLIRES LESS THAN 4 SECCNDS WITH COMPILE-
RUN-WAIT TIME LESS THAN 26 SECONCS.

A REVISED-MVFC SAMPLE PROBLEM WHICH DEFINES 21 ELEMENTS IN F,
USING 8 ATCMS IN EACH OF 2 GROUPS REQUIRFS LESS THAN 10 SECONDS
WITH COMPILE-RUN-WAIT TIME LESS THAN 47 SECONCS.

AN ADJUSTER SAMPLE PRCBLEM DEALING WITH A 13 X 6 MATRIX
RECUIRES LESS THAN 7 SECCNCS WITH COMPILE-RUN-WAIT TIME LESS THAN
25 SECONDS.

A DIPCLE-SUM SAMPLE PROBLEM WITH 4 ATOM PCSITICAS RECUIRES LESS
THAN 10 SECONDS WITH CCMPILE-RUN-WAIT TIME LESS THAN 27 SECONDS.

A MODEL-PI SAMPLE PROBLEM DEALING WITH FIVE 32 X 12 MATRICES
REQUIRES LESS THAN 92 SECONDS WITH COMPILE-RUN-WAIT TIME LESS THAN
140 SECONDS.

UNUSUAL FEATURES OF THE PROGRAM - VALENCE FORCE PCTENTIAL FUNC-
TICNS FCR CRYSTALS MAY BE USED AS WELL AS CCNVENTIONAL INTER-
ACTIONS BETWEEN ATOM PAIRS.

RELATED ANC AUXILIARY FROGRANMS -

MACS-C IS A REVISION OF AT LEAST TWC PREDECESSCR CCCES. TKE
IMPRCVEMENTS ANC REASONS FOR THE CHANGES ARE
DESCRIBED IN CETAIL IN REFERENCE REPORT IN-1280.
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STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMBER 1972.
IBM360 VERSICNS SUBMITTEC NCVEMBER 1972, SAMPLE PRORLEMS
EXECUTED BY ACC.

REFERENCES - J. K. BOYTER, H. L. MCMURRY, A. W. SOLBRIG, JR., AND
#, M. MARTIN, MACS C, A COMPLTING PROGRAM FCR CRYSTAL VIBRATIONS
WHICH INCLUDES LCNG-RANGE COULOMPB INTERACTIONS, IN-1280, MARCH

GEG.
: Je Ko BOYTER AND A. W. SOLBRIG, JR., MACS J, A PRC-
GRAM FOR CCMPUTING CRYSTAL PHCNCN DISPERSICN RELATIONS, STRUCTURE
FACTORS FOR NEUTRON INELASTIC SCATTERING, ANC JACCBIAN MATRICES,
IN-1147, JANUARY 1968.

Jo K. BCYTER ANC H. L. MCMURRY, REVISEC C, A CCMPUTER
PRCGRAM FOR CALCULATINC VALENCE CONRDINATES IN TERMS OF MASS
ADJUSTED ATOM DISPLACENENTS, TOGETHER WITF CCORDINATES DEFINING
R1GID GROUP ROTATIONS, ANC NCTE F00441 (PPCO 40%1176), JANUARY
1969,

Je K. BCYTER ANC F. L. MCMURRY, REVISEC MVFC, A COM-
PUTER PROGRAM FOR CONSTRUCTING FORCE CCASTANT MATRICES FCR USE IN
VALENCE FORCE PCTENTIAL FUNCTIONS IN MOLECULES AND CRYSTALS, ANC
NOTE P00311, AUGUST 1969.

Jo Ko BOYTER AND K. L. MCMURRY, MVFC, A CCMFUTER PRO-
GRAM FOR CCNSTRUCTING FORCE CONSTANT MATRICES FOR USE IN VALENCE
FORCE POTENTIAL FUNCTIONS IN MOLECULES ANC CRYSTALS, IN-1282,
APRIL 1969.

Jo K. BOYTER ANC k. L. MCMURRY, ACJUSTER, A FORCE
CONSTANT ADJUSTER PROGRAM TO OBTAIN LEAST SQUARES FIT TO CBSERVED
FREQUENCTES CF MOLECULES AND CRYSTALS, IN-1148, DECEMBER 1967.

Jo K. BOYTER ANC T. G. WCRLTCN, CIPOLE SUM, A COM-
PUTER PROGRAM FNR CALCULATINC DIPOLE SUMS FOR AN ARBITRARY CRYS-
TAL, IN-1226, CCTCBER 1968. .

We Jo. SUITT AND A. W. SCLBRIG, JR., MCCEL PI, ANC
NCTE PO1B0O0, JULY 1970.

He KAPLAN AND J. J. SULLIVAN, PFYSICAL REVIEW, VOL.
130, P. 120, 1963.

MACHINE REQUIREMENTS - 650K PYTES OF CCRF ARE REQUIREC FCR EACH OF
THE PROGRAMS .
IN ADDITICN TC STANCARC INPUT/OUTPUT, MACS-C USES SCRATCH UNITS
:h?:« 3, 4y 8y 9, AND 10. 162K OF LCS wWAS INCICATEC AFTER COM-
G.
IN ADDITICN TC STANCARD INPUT/OUTPUT, MACS-J USES SCRATCH UNITS
:;Ll;'-‘ 3, 4y By, 9, AND 10. 158K OF LCS WAS INCICATEC AFTER CCM-
G.
144K OF LCS WAS INDICATEC AFTER CCMPILING REVISEC-C.
356K OF LCS WAS INDICATEC AFTER COMPILING REVISED-MVFC.
100K OF LCS WAS INCICATEC AFTER CCMPILING ADJLSTER.
50K OF LCS WAS INDICATEL AFTER CCMPILING CIPOLE-SUM.
IN ADDITION TO STANCARD INPUT/OUTPUT, MCDEL-PI USES SCRATCH
UNITS 2, 3, 4, 8, 9, 11, 12, 13, 14, 15, 16, AND 17. 330K OF LCS
WAS INDICATED AFTER COMPILING.

PROGRAMMING LANGUAGE USEC - FORTRAN IV




1054
ACC ABSTRACT 574 el 12/73

13. CPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
0S/360.

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTIONS -
THE SOURCE PROGRAMS REQUIRE THE FCRTF450 CCMPILER USING €50K.
MACS-J RESULTS CAN BE AFFECTED BY CRCSS-CVER ERRCRS IN CERTAIN
PARTS OF JACOBIAN RESULTS. SEE PAGE 10 OF
REFERENCE IN-1147. ThE SAMPLE FROBLEM RESULTS CON-
TAINED NEARLY EQUAL EIGENVALUES, AS DID SAMFLE PRCE-
LEMS FOR MACS-C AND MODEL PI.

REVISED-D RESULTS FOR RIGIC GRCUP RCTATICNS MAY BE IN ERRCR AND
SHOULD BE CAREFLLLY EXAMINED. SEE PAGE 2,
REFERENCE P00441.

REVISED-MVFC INSERTS 7.7777E-07 INTC THE CALCULATICANS WHEN TFE
NUMBER OF UNICUE INTERACTIONS FCR ThO SETS OF
COCRDINATES OF 8 PARTICULAR INTERACTION TYPE
EXCEEDS TWENTY.

15. NAME AND ESTABLISHMENT OF AUTHCRS -
He Lo MCMULRRY AND he Jo SUITT
AERCJET NUCLEAR COMPANY
P. C. BCX 1845
TUAHO FALLS, IDAHO €34C1
Te Go WCRLTCN
SOLID STATE SCIENCE DIVISION
ARGONNE NATIONAL LABCRATCRY
9700 SCUTH CASS AVENUE
ARGONNE, TLLINCIS €C43S
Re Mo MARTIN
XERCX CCRPORATICN
XEROX PARK
3180 PCRTER CRIVE
PALC ALTO, CALIFCRNIA 94304

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECKS (MACS-C 1255 CARCS, NMACS-J 1208 CARCSy REVISED-D
S47 CARDS, REVISED-MVFC 1518 CARDS, ADJUSTER 1S5
CARDS, DIPCLE-SUM 212 CARCS, MOCEL-PI 1919 CARDS)
SAMPLE PROBLEMS (MACS-C 190 CARDS, NACS-J 274 CARCS, REVISED-D
56 CARCS, REVISED-MVFC 145 CARDS, ADJULSTER 20
CARDS, DIPOLE-SUM 18 CARDS, MOCEL-PI 234
CARDS)
CCNTROL INFORMATION (MACS-C 14 CARCS, MACS-J 14 CARDS,
REVISED-D 6 CARDS, REVISEC-MVFC & CARCS,
ADJUSTER & CARDS, DIPCLE-SUM & CARDS,
MOCEL-PI 30 CARCS)
SAMPLE PROBLEM QUTPUT (MACS-C 3 PAGES, MACS-J 26 SELECTED
PAGES, REVISED-C 11 PAGES, REVISED-MVFC
41 SELECTEC PACES, CIPOLE-SUM 3 PAGES,
: MODEL-PI 35 SELECTEC PAGES)
REFERENCE REPCRTS AND NOTES
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NAME OR DESIGNATION OF PROGRAM - MSCAT

COMPUTER FOR WHICH PRCGRAM IS CESIGNED AND OTHERS UPON WHICK
IT IS OPERABLE - IBM3éOC

DESCRIPTICN CF PRCBLEM CR FUNCTION - IN A THERMAL NEUTRON SCAT-
TERING EXPERIMENT, THE MEASURED CROSS SECTICN INCLUDES BOTH SINGLE
AND MULTIPLE SCATTERING EVENTS. IN CRDER TO EXTRACT THE SINGLE
SCATTERING CROSS SECTICN, THE CRCSS SECTICN FCR MULTIPLE SCATTER-
ING MUST BE KNOWN. SINCE THIS CCANTRIBUTICN IS GENERALLY A
SMCOTHER FUNCTION OF ANGLE ANC SCATTERED ENERCY THAN THE SINGLE
SCATTERING, IT IS LESS SENSITIVE TO CETAILS OF THE SINGLE SCAT-
TERING CROSS SECTION. IT IS THEREFORE FEASIBLE TC CALCULATE THE
MULTIPLE SCATTERING USING AN APPRCXIMATE SCATTERINC FUNCTION, AND
TO SUBTRACT IT FROM THE MEASUREMENTS IN CRCER TO OETAIN THE SINCLE
SCATTERING. MSCAT CALCULATES THE SINGLE AND MULTIPLE SCATTERING
CROSS SECTIONS, FCR A SPECIFIEC EXPERIMENTAL SITUATION, GIVEN A
SINGLE SCATTERING FUNCTION AS INPUT.

METHOD OF SOLUTICN - MSCAT IS ACAPTEC FRCM A FROGRAM WRITTEN BY
BISCHOFF (SEE REFERENCE 2). THE BASIC STRUCTURE IS UNCFANGED, BUT
MANY MODIFICATIONS HAVE BEEN INCORPORATED IN CRDER TO TREAT A
WIDER VARIETY CF PROBLEMS. GIVEN A SCATTERINGC FUNCTION, THE PRO-
GR AM TRACKS SUCCESSIVE NEUTRONS WITHIN THE SAMPLE ANC/CR SAMPLE
CONTAINER IN A MONTE CARLO FASKION. AT EACK SCATTERING POINT, THE
RESPONSE, WITHIN EACH TIME CHANNEL AND FOR EACH CETECTOR, IS CAL-
CULATED. A CUTOFF IS IMPOSED TO AVOIC TRACKING NELTRONS INDEFI-
NITELY. SINGLE AND MULTIPLE SCATTERING CCNTRIBUTIONS FOR EACH
TIME CHANNEL AND FOR EACH ANGLE ARE SEPARATELY ACCUMULATED.

RESTRICTIONS ON THE CCMPLEXITY OF THE PRCBLEM - APART FROM SPACE
ANC TIME LIMITATIONS, THE PRCGRAM IS LIMITED TC THREE TARGET
GEOMETRIES, ANC TC NC MORE THAN 8 SCATTERING ANGLES. THESE AND
OTHER LESS SIGNIFICANT RESTRICTICNS MAY EE REMCVEC BY SUITAEBLY
MCDIFYING THE PROCRAM. THE SAMPLE (AND SAMPLE CCNTAINER) MUST BE
ISCTROPIC MATERIALS.

TYPICAL RUNNING TIME - ONCE THE SCATTERING FUNCTION HAS BEEN SET
UP, THE MONTE CARLC LCCP TAKES 0.2 TC 0.5 MILLISECONCS PER COLLI-
SION, PER ANGLE, PER TIME CHANNEL. TYFPICAL RUANING TIMES FCR A
CCMPLETE PRCRLEM ARE CF CRCER 1 TO 1C MINUTES CN THE IBM3€0/1S5.
IF ELASTIC COHERENT SCATTERING IS TC BE CALCULATED, THE PRCGRAM
MAY TAKE CONSIDERABLY LONGER TO OBTAIN ADEQUATE STATISTICS.

UNUSUAL FEATURES CF THE PRCGRAM -

RELATED ANC AUXIL IARY PROGRAMS - MSCAT REPRESENTS A MODIFIED,
EXTENDED, AND LARGELY REWRITTEN, VERSICN CF THE PROGRAM CESCRIBED
BY BISCKOFF.

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1973.
IBM360 VERSION SUBMITTED AUGUST 1973, SAMPLE PRCBLEM EXE-
CUTED BY ACC.
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QEFERENCES - J» R. D. COPLEY, MONTE CARLC CALCULATICA OF MULTIPLE
SCATTERING EFFECTS IN THERMAL NEUTRON SCATTERING EXPERIMENTS,
COMPUTER PRYSICS COMMUNICATICAS PREPRINT, 1973,

F. G. BISCHOFF, M. L. YEATER, AND W. E. MOORE,
WCNTE CARLC EVALUATICN OF MULTIPLE SCATTERING ANC RESOLUTION
EFFECTS IN DOUBLE-DIFFERENTIAL NEUTRON SCATTERING CRCSS-SECTICN
WEASUREMENTS y NUCLEAR SCIENCE ANC ENCINEERINGy VOL. 48, PP. 266-
ac, 1972.

; F. G. BISCHOFF, GENERALIZED MCNTE CARLC METHODS FCR
WLTIPLE SCATTERING PRCBLEMS IN NEUTRCN AND REACTOR PHYSICS, PH.D.
THES1S, RENSSELAER POLYTECHNIC INSTITUTE, UNIVERSITY MICRCFILMS
70-19931, 1970.

J. R. D. COPLEY, MONTE CARLC CALCULATION OF MULTIPLE
SCATTERING EFFECTS IN THERMAL NEUTRCN SCATTERING EXPERIMENTS,
MODIFICATICN TC HCRIZONTAL CYLINCER GECMETRY, COMPLTER PHYSICS
COMMUNICATICONS PREPRINT, 1673,

Jo R. D. COPLEY, MONTE CARLO CALCULATICN CF MULTIPLE
SCATTERING EFFECTS IN THERMAL NEUTRCN SCATTERING EXPERIMENTS,
MODIFICATICN TO SLAB GEOMETRY, CCMPUTER PHYSICS COMMUNICATICAS
PREPRINT, 1973.

MACHINE REQUIREMENTS - NORMAL I/0 DEVICES PLUS A HICGF SPEEC DISK
TC STORE UP TO 3 FILES WRITTEN BY THE PROGRAM AND A CORE REQUIRE-
MENT OF 46,000 WORDS

PROGRAMMINGC LANGUAGE USEC - FORTRAN 1V

OPERATING SYSTEM OR MONITOR LNDER WHICH PRCGRAM IS EXECUTED -
(5/360, RFLEASE 20.1.

ANY OTHFR PROGRAMMING OR OPERATING INFORMBTICN OR RESTRICTICAS -
If INELASTIC SCATTERING IS INCLUDED, FURTHER HIGH SPEED STORAGE IS
REQUIRED. THE AMCUNT CF EXTRA STCRACE IS AT THE DISCRETION OF THE
USERy NEPENDING ON HOW ACCURATELY HE WISHES TC DEFINE THE INELAS-
TIC SCATTERING FUNCTICNS. IN THE PRESENT CASE AN EXTRA 26,000
KORDS ARE USED TO STORE THESF FUNCTICAS. MSCAT IS WRITTEN FOR
VERTICAL CYLINCER GEOMETRY, WITH SOURCE DECKS INCLUDED IN THE
PACKAGE ENABLING THE USER TC MODIFY MSCAT FOR EITHER SLAB OR HORI-
Z0NTAL CYLINDER GEOME TRY.

NAME AND ESTABLISHMENT OF AUTHOR -
Je R. Do CCPLEY
INSTITUT LAUE-LANGEVIN
B.P. 156 CENTRE CE TRI
38 GRENOBLE, FRANCE

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL

SOURCE DECK (MSCAT-5472 CARDS, TARGET SLAB-392 CARDS, TARGET
CYL-298 CARCS)

SAMPLE PROBLEM (37 CARDS)

CONTROL INFORMATION (JCL-1C CARDS)

SAMPLE PRCBLEM CUTPUT (MSCAT, MSLAB, MCYL 16 PAGES EACH)

REFERENCE PREPRINTS AS SUBMITTED RY AUTHCR
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17 | CATEGORY =i W
KEYWORDS - THERMAL NEUTRON SCATTERING, ELASTIC SCATTERINCG, IN-
ELASTIC SCATTERING, MONTE CARLC METHOD



24

1.

4y

Se

b

1059

ACC ABSTRACT 57¢ 12773

NAME OR DESIGNATION OF PROGRAM - GEM

COMPUTER FOR WHICH PROGRAM 1S DESIGNED AND OTFERS UPCN WHICH
IT 15 OPERABLE - IEM360

DESCRIPTION OF PROBLEM OR FUNCTION - GEM IS USED TC PREDICT FUEL
CYCLE COSTS FOR ANY TYPE NUCLEAR SYSTEM (I.E., BWR, HTGR, PkR,
{MFBRy GCFRy « o« o« )o THE CURRENT VERSICA IS LIMITEC TO THERMAL
REACTORS. GEM IS CESICNED FOR PRODUCTION USE BY LARGE UTILITIES
WHICH HAVE SEVERAL REACTCR TYPES ON THEIR SYSTEM. GEM HAS BEEN
WPITTEN SO AS TO ACCOMMODATE ALL MAJCR FUEL MANAGEMENT ACTIVITIES
UNDERTAKEN BY A UTILITY -

(1) FUEL BID ANALYSIS,

(2) EVALLATION OF ACTUAL DAY TC DAY CFERATION, AND

(3) SYSTEM SIMULATICN ANC OPTIMIZATION STUDIES.

METHOD CF SOLUTION - COSTS ARE CALCULATED USING PRESENT-WORTH
TECHNIQUES AND CCATINUCUS COMPOUNCING. THE EQUATICNS ARE BASED ON
AN INVESTOR=-CWNED UTILITY CAPITALIZATICN STRUCTURE WHICH EASILY
COVERS THE RANGE OF INCUSTRIAL, PRIVATE, AND PUBLIC (GCVERNMENT)
CWNED UTILITIES. THREE DISTINCT TYPES CF ANALYSIS (CASHFLOW,
ALLOCATEN COSTS, YEARLY CASHFLOW) ARE PERFCRMEC, EACH YIELDING
IDENTICAL RESULTS. WUSING THESE AS A BASIS MANY CTHER ANALYSES ARE
LNDERTAKEN

RESTRICTICNS ON THE COMPLEXITY UF THE PROBLEM - DIMENSIONS OF ALL
AFRAYS ARF CARRIFD AS VARTABLES THRCUGHCUT THE ANALYSIS. TKE
MAXIMUM STZE OF EACH ARRAY IS SET BY THE USER IN PRCGRAM MAIN,
CURRENT VALUES ARE SET SO THAT MAXIMA ARE =

50 BATCHES PER CASE STUDY °

20 YEAR BATCH LIFE

30 YEAR CASE STUDY

120 BATCH BURN TIME-STEPS

20 INDIVIDUAL PAYMENTS (SALES) ASSOCIATED wITH EACH COST

CCMPCAENT

TYPICAL RUNNING TIME - 1/3 SECOND PER BATCH 1S RECUIRED.

UNUSUAL FEATURES CF THE PROGRAM - CEN

(1) IS RROKEN INTO THREE MAJOR SECTIONS - INPUT, GENERAL
ECCNCMIC ANALYSIS, ANC OUTPUT. THE LAST TwO SECTIONS ARE
ABLF TO PERFNRM AN FCONOMIC ANALYSIS CF ANY TYPE REACTCR
SYSTEM TC ANY CESIRFC CEGREF CF PRECISION. THE INPUT SEC-
TICN CCNVERTS CATA SPFCIFIC TC A REACTCR TYPE INTC A
GENERAL FORM ACCEPTABLE TO THE LAST ThC SFCTICNS. THE
CURRENT INPUT SECTIONS AVAILABLE FANDLE BWR, PWR, AND
HTGR,

(2) USES CONTINUOUS COMPOULNDING.

{3) CCATAINS THREE CISTINCT TYPES CF ECONCMIC ANALYSIS - CASH-
FLCW, ALLOCATED COST, AND YEARLY CASHFLCw.

(4) CALCULATES FUEL CYCLE COST NN A BATCH, YEAR, CASE, CUMULA-
TIVF BATCHWISE, ANC CUMULATIVE YEARWISE BASIS.
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7. UNUSUAL FEATURES CF THE PROGRAM (CONTINUED)
(5) HAS SEPARATE ESCALATICN RCUTINES AVAILABLE FCR EACF TYPE
CF COST COMPONENT.
(6) ACCEPTS PU ANC U RECYCLE BIDS.

8. RELATED AND AUXILIARY PROGRAMS -

9. STATUS - ABSTRACT FIRST CISTRIBUTEC CECEMBER 1973.
IBM260 VERSION SUBMITTED OCTOBER 1673, SAMPLE PRCBLEM
EXECUTED BY ACC.

10. REFERENCES - J. A. HUGFES AND D. F. HANG, PRCGRAM GEM, GENERAL
ECONOMIC MCDEL TO ANALYZE NUCLEAR FUEL CYCLE CCSTS, UNIVERSITY OF
ILLINDIS NUCLEAR ENGINEERING PROGRAM REPCRT, SEPTEMEER 1973.

D. F. HANG, FUEL CYCLE ECONCMICS, EDUCATION AND
RESEARCH IN THE NUCLEAR FUEL CYCLE, PP. 67-83, 1972.

Je. A. HUGHES AND D. F. HANG, DEVELCPMENT OF ENGINEER-
ING ECONCMIC BASIS TC ANALYZE NUCLEAR FUEL CYCLE CCSTS, TRANSAC-
TIONS OF AMERICAN NUCLEAR SCCIETY ANNUAL MEETING, PP. 48-50, JUNE
1972.

11. MACHINE REQUIREMENTS - 274K BYTES (202K WITH CVERLAY STRUCTURE)
ANC ONE NON-SYSTEM DISK (OR TAPE)

12. PROGRAMMING LANGUAGES USED - FCRTRAN IV

13. CPERATING SYSTEM CR MCANITOR UNCER WHICF PRCGRAM IS EXECUTED -
NS/3¢60.

14. ANY OTHER PRCGRAMMING CR OPERATING INFORMATICN OR RESTRICTICAS -

15. NAME AND ESTABLISHMENT OF AUTHCRS -
J. A. HUGFES ANC C. F. HANG
UNIVERSITY CF ILLINCIS
217 NUCLEAR ENGINEERING LABCRATORY
URBANA, [LLINCIS 61801

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (4479 CARCS)
SAMPLE PROBLEM (431 CARDS)
CCONTROL INFORMATIUN (JCL 10 CARDS)
REFFRENCE REPCRT

17. CATEGORY - D

KEYWCRDS - FUEL CYCLE, FECCNCMICS, PCWER PLANTS, PROOUCTION, REAC-
TORS, OPERATICN



1.

2.

4y

5e

b

Te

(.

Se

10,

11,

12,

1061

ACC ABSTRACT 577 02/74

NEME O DESIGNATION OF PRUGRAM - FFFARS

COMPUTFR FCR WHICK PRCGRAM IS CESICNED AND CTHERS UPON WHICFH
IT IS OPEPABLE - CDCEEQO

DESCPIPTICN CF PROBLEM CR FUNCTICN - FFEARS IS GENERALLY APPLIC-
AELE FOR THE SOLUTION OF BCUNCARY VALUE PRCBLENMS INVCLVING TFHE
LAPLACE EQUATICN USING DIFFERENCE EQUATIONS IN AXISYMMETRIC CR
RECTANGULAR COPRDINATES. IT WILL FANCLE VIRTUALLY ANY CCNFICURA-
TION OF DIELECTPICS ANC FLOATING ELECTRODES, PRCDUCING BOTH ECUI-
PCTENTIAL ANC EQUIFIELC PLCTS, IF DESIREC.

METHROD OF SOLUTION - BASIC RFLAXATION TECHNICUFS ARE USEC. THE
DIFFERENCF EQUATICNS EMPLOYEC ARE CERIVED FROM LAPLACE'S EQUATION
FOR ISNTROPIC DIELECTRICS. THESE ARE SCLVED ITERATIVELY AT ALL
PCINTS WITHIN THE ELECTRODE CONFIGURATICN EXCEPT CN THE INTERFACES
RETWEEN MATEPIALS CF CIFFERENT CIELECTRIC CONSTANT. CIELECTRIC
INTERFACES AFE SOLVED BY A TECHNIQUE DEVFLCPED BY Ce. M. CCRNY
(LETTERS, PRCC. IEFE, VCL. 57y PP, ES56-85f). FLOATING ELECTRCDES
ARE TREATED AS SPECIAL OIELECTRICS.

RESTRICTICAS ON THF CCMPLEXITY OF THE PROBLEM - THE PROGFAM TREATS
ANY RECTANGULAR CR AXISYMMETRIC CONFIGURATICN CF CIELFCTRICS ANC
SMALL FLOATING FLECTROCES THAT CAN RF DESCRIBED BY A MATRIX CF

UP TN 201 X 201 PCINTS. ALL FLECTRCCE AND DIELECTRIC SUFFACES
MUST LIF ON MATRIX PCUINTS.

TYPICAL RUNNING TIME - SCLUTICNS WITK ERRCRS CF LESS THAN FIVF
PERCENT ARF OBTAINED IN LESS THAN TEN MINUTES.

»
UNUSUAL FEATURES CF ThE PRCGRAM - A BLOWUP ROUTINE PERMITS THE
EXPANSION AND RECOMPUTATICN CF SECTICAS CF THE PLCT TC PEPMIT
GPEATER RESCLUTICN.

PELATED ANC AUXILIARY FROGRAMS - THIS PACKAGE IS A MCDIFICATICN CF
ALO-00262, TRANSFERRFD FROM TKHE ALO-COSMIC CCLLECTICN.

STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1674.
CCC6600 VERSICN SUBMITTEL MAY 1673,

FEFERENCES - J. E. BOERS, FFEARS, A CICITAL CCMPLTER PPOGRAM FOR

THE SIMULATICN CF LAFLACE ECUATION INCLUFING DIELECTRIC INTERFACES

AND SMALL UNGRCUNDED ELECTROCES, SC-RR=-71 0377, JULY 1671.
ENVIRONMENTAL SUBROLTINES REQUIREC BY FFEARS,

ARGCANE CCCE CENTER PRCGRAMMING NCTE 74-21, JANUARY 1974.

PACHINE RECUTREMENTS - 1735CC (OCTAL) CF CCRE STCRAGE, ARND
14 FILFS CN DISK STORAGE.

PFOGRAMMING LANGUAGE USEC - FORTRAN IV, CCNPILED UNDER FCRTRAN
EXTENDED nFT2.
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13.

14.

16.

17.

ARSTRACT 577 -2 m 02/74

CPERATING SYSTEM CR MCNITCR UNCER WHICF PRCGRAM IS EXECUTED -
SCOPE 3.3.

ANY OTHER FRCGRAMMINC CR CPERATING INFCRMATICN OR RESTRICTIONS -
SEVERAL SURRCUTINES AND FUNCTICNS NECESSARY TO THE CPERATICN OF
THF PLOTTING PORTION OF THE PRCGRAM ARE NOT INCLLDED IN THE SOURCE
DFCK. THEY ARE A PART OF THE STANCARC SCCRS PLCTTER PACKACE FOK
THE SC-402C PLOTTER, AND MUST BE FURNISHED BY THE USEF CR REFLACED
BY ECUIVALENT LOCALLY-AVAILAEBLE SURRCUTINES.

NAME AND ESTABLISHMENT OF AUTHCR -
J. E. BCERS
SANDIA LABCRATCRIFS
P. 0. BOX SEOQC
ALBUCUERQUE, NEW MEXICO B8711F¢

MATERTAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (1396 CARCS)
SAMPLF FRCBLEM (258 CARCS)
SAMPLE PROBLFM OUTPUT (7C PAGES, PLCTTER OUTPLT-7 PAGES)
REFERENCE REPCRT ANC ACC PROGRAMMING NOTE 74-21

CATEGNRY - V
KEYWCRDS - PCTENTIALS, ECUIPCTENTIALS, EQUIFIELD, LAPLACE EQUATICA
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ACC ABSTRACT 578 03/74

NAME OR DESIGNATION OF PROGRAM - PLOTR

COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH
IT 1S OPERABLE - CNC6600

DESCRIPTION OF PROBLEM DR FUNCTION - PLCTR AND THE AUXILIARY ROU-
TINE XYGRD CONTOUR A FUNCT ION DEFINED OVER A TWO-DIMENSIONAL GRID
AND COMPUTE THE AREA WITHIN THE CONTOURS.

METHOD OF SOLUTION - PLOTR AND XYGRD UTILIZE A SO-CALLED FOUR~-
POINT CELL METHOD. THE FUNCTION TO BE CONTOURED MUST BE TABULATED
IN A TWO-DIMENSIONAL ARRAY WHERE THF POSITICN OF EACH ELEMENT
FllsJd) IS SPECIFIED BY THE COORDINATES X(I) AND Y(J). THESE CNOR-
DINATES MAY BE IN EITHER CARTESIAN CR POLAR FCORM,

PESTRICTIONS ON THE COMPLEXITY OF THE PROABLEM - THE MAXIMUM ALLCW-
ABLE RANGE BETWEEN MINIMUM AND MAXIMUM ANGLES IS 180 DEGREFES.

TYPICAL RUNNING TIME -
UNUSUAL FEATURES OF THE PROGRAM -

RELATED AND AUXILIARY PROGRAMS — PLCTR UTILIZES THE SCORS PLNTTING
ROUTINES (REFERENCF 2) TO PRODUCE AN OUTPUT FILE FOR THE SC-4020
MICRCFILM PLOTTER.

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1973,
CDC6600 VERSION SUBMITTED JANUARY 1970.

REFERENCES - SUSAN M. MILLY, PLOTR, A TWO-DIMENSIONAL CONTOURING
AND AREA-CALCULATING RNUTINE, SC-RR-69-685, CCTOBER 1969.
DIVISION G424, SC-4020 USAGE WITH I1BM-T7090/709%,
€0DC-3600y UNIVAC-1107/1108, CDC-6600, SANDIA LABORATORIES,
ALBUQUERQUEy NEW MFXICO, MAY 1969.
PLOTTING ROUTINFES REQUIRED BY PLNTR, ACC NO. 578, ACC
PROGRAMMING NOTE 74-24, FFRRUARY 1974.

MACHINE REQUIREMENTS -
PROGRAMMING LANGUAGE USED - FORTRAN IV
CPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTFN -

ANY OTHER PROGRAMMING OR NPERATING INFORMATICN OR RESTRICTICNS -
THE REFERENCE SC-RP-69-685 DOES NOT CORRESPOND EXACTLY TO THE
LATEST VERSION. IN THE CURRFNT VERSICN OF PLOTR, THF PARAMETER F
HAS BEEN DROPPED FROM THF CALL LIST. THE PARAMETER ANS SHOULD NOW
CONTAIN THE ARRAY OF FUNCTION VALUES TO BE CONTOURED ON INPUT.

NAYE AND ESTABL ISHMENT OF AUTHOR -
SUSAN MILLY DAVENPCRT
SANNTA LABORATORIES
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15.

l16.

17.

ABSTRACT 578 =P

NAME AND ESTABLISHMENT OF AUTHCR(S) (CONTINUEC)
P. 0. BOX 5800
ALBUQUERQUE, NEW MEXICO 87115

MATERTIAL AVAILABLE - RESTRICTED DISTRIBUTICN

SOURCE DECK (714 CARDS)
SAMPLE PROBLEM (114 CAPRDS)
REFERENCE REPORT, SC-RR-6S-685, AND ACC ACTE

CATEGORY - P

03/74

KEYWORDS - CONTOUR, 2-DIMENSIONAL, CARTESIAN, POLAR, COORDINATES
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NAME OR DESIGNATICN CF PROGRAM - CWARF

(UMPUTER FCR WHICH PRCGRAM IS DESIGNED ANG CTHERS UFCN WHICH
IT 1S NPERABLE - IBM360

DFSCEIPTICN OF PROBLEM DR FUNCTICN - DWARF ALLCWS CNE-CIMENS ICNAL
SIMULATICN CF REACTCR BURNUP ANC XENCN OSCILLATICN PROBLFMS IA
SLAB, CYLINDRICAL, CR SPHERICAL GECMETRY USINC A FFW-GROUP DIF-
FUSION THECRY MODFL.

METHOD OF SOLUTION - THE FEW-GROUP, NEUTRCN CIFFUSION THEORY
EQUATIONS ARF REDUCED TO A SYSTEM OF FINITE DIFFERENCE ECUATICNS
THAT ARE SCLVED FCR EACH GRCUP BY TKE CAUSS METHOD AT EACK TIME
POINT, FISSION NEUTRCN SOUFCE ITERATICN CAN BE ACCELERATEC WITH
CHEBYSHFV EXTRAPCLATICN. A THERMAL FEECBACK ITEPATIVE LOOP IS
USED TO OBTAIN CCNSISTENT SOLUTICAS FCR THE CISTRIBUTICNS CF
REACTOR POWFRy NEUTRON FLUX, AND FUEL AND COCLANT FRCPERTIES WITH
THE NEUTRCN GFOUP CONSTANTS FUNCTIONS OF THE LATTER. SOLUTIONS
FOR THE NEw NUCLIDE CONCENTRATICNS OF A TIME PCINT ARE MACE WITH
THE FLUX ASSUMEC CONSTANT IN THE TIME INTERVAL.

RESTRICTICNS ON THE CCMPLEXITY CF THE PRCBLEM - MAXIMA OF -
4 GROUPS
40 REGICAS
50 MACRCSCOPIC MATERIALS*
50 NUCLICES FER REGICN
250 MESH POINTS
* ONLY 10 ARE FUNCTIONS OF THE FEEDBACK VARIABLES.

TYPICAL RUNNING TIME - PRIMARILY A FUNCTITN CF THE NUMBER CF FEED-
JACK ITERATIONS RFQUIRED, RUNNING TIME RANGES FRCM LESS THAN A
SECOND TO SEVERAL SECCNDS PER TIME-STEP.

UNUSUAL FEATURES OF THE PROGRAM - THE NEUTRON GRCUP CCASTANTS FCR
THE MACRCSCOPIC MATERIALS CAN BE USER-SPECIFIED FUNCTIONS OF THE
FFENBACK VARIABLES AND THE GROUP CCNSTANTS CAN BE A MIXTURE CF TFE
NCNDEPLETION MACROSCOPIC AND DEPLETING MICROSCCPIC MATERIAL CATA
IN A REGICN. AUTOMATIC SEARCKES ON BUCKLING, FCISON, REGION
CIMENSIONS, A REGION INTERFACE PCSITION, CR TCTAL PCWER CAN BE
OCNE AT EACH TIME PCINT. PRASIC INPUT CATA AND MATERIAL CONSTANTS
CAN BE CHANGED FREELY AT ANY TIME DURINC PRCEBLEM EXECUTICN. TFE
SCLUTIONS FOR THE COOLANT THERMAL PROPERTIES CCVER THE ENTIRE
RANGE FRCM THE SUBCCCLED THRCUGH THE SUPERKEATED VAPOR REGIMES
WITH CONSTANT PRESSURE AND MASS FLCh RATE ASSUMEC. A PLCTTEC OUT-
PUT ROUTINF CAN PLOT UP TQ THREE DISTRIBUTIONS (CR FLUX, POWER,
TENPERATURES, CENSITIES, ETC.) PER FRAME VERSUS THE UNE-CIMENSION-
AL SPACE vap IABLE.

RELATED ANC AUXILIARY FRCGRAMS - CORA, A FEW-GROUP, ONE-CIMEN-
SIONAL DIFFUSION PROGRAM AND SINBAC, A NUCLICE CEPLETICN PRCCRAM.

-
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STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMBRER 1973.
IEM360 VEKSICN SUBMITTED JUNE 1673, SAMFLE FRCBLEM EXE-
CUTEC BY ACC.

PEFERENCES - E. C. ANDERSON AND G. E. PUTMNANM, CWARF, 2 FEw CRCUP,
CNE-DIMENSICANAL DIFFUSICN THECRY PROCRAM FOR REACTOR DEPLETICN
WITH ADJUSTABLE REACTIVITY FEECRACK, ANCR-1083, NOVEMBER 1972.

MACHINE RECUIREMENTS - 330K BYTES OF CORE STCRAGE PLLS 8 FORTRAN
LOGICAL UNITS, INCLUDING UNITS FCR CARC INFUT, PRINTEC CUTPUT, ANC
PLCTTED OUTPLT

PROGRAMMING LANGUAGE USEC - FORTRAN IV (F)

CPERATING SYSTEM CR MCNITCR LNCER WHICH PRCGRAM IS EXECLTED -
NnsS/360.

ANY CTHER PROGRAMMINC CR GPERATING INFORMATICN OR RESTRICTIONS -
THE PROGRAFM CCMPILES WITH THE FORTRAMN + CCMPILER, OPTIMIZATION
LEVEL 2. IT CONSISTS OF A RCCT MAIN SEGMENT THAT CALLS 5 CVERLAYS
SERIALLY. THE CLCCK ANC PLCTTEC OUTPUT RCUTINES ARE INSTALLATION
DEPENDENT,

NAME ANC ESTABLISKMENT CF AUTHORS -
E. C. ANDEPSCN AND G. E. PUTAAM
AEROJET NUCLEAR COMPANY
P. C. BCX 1845
IDAHO FALLS, IDAKC £34C1

MATERI AL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (8278 CARDS)
SAMPLE PROBLEM (149 CARCS)
CCNTRCOL INFORMATICMN (JCL 66 CARCS)
LCAD MOCULE CWARF (28S BLOCKS)
SAMPLE FRCBLEM CUTPUT (26 PAGES)
REFERENCE REPORT

CATEGCRY - C

KEYWORDS - FEW-GROUP, ONE-DIMENSICNAL, DIFFUSICN, SLABS, CYLIN-
DERS, SPHERES, REACTIVITY FEEDBACK, CCRA CCODES, SINBAD
CCDES
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NAME DR DESIGNATICN OF PRCGRAM - ASTEM

COMPUTER FCR WHICH PRCGRAM IS CESIGNED AND CTHERS LPON WHICH
IT 15 OPERABLE - IBM3é&C

DESCRIPTION OF PRCBLEM OR FUNCTION - ASTEM IS A MODULAR SET OF
FORTRAN IV SUBROUTINES TO EVALUATE THE GIBBS, HELMHOLTZ, AND
SATURATION LINE FUNCTIONS AS PUBLISHED BY THE AMERICAN SCCIETY OF
VECHANICAL ENGINEERS (1967). ANY THERMOCYNAMIC QUANTITY INCLUDING
DERIVATIVE PROPERTIES CAN BE OBTAINED FRCM THESE RCUTINES BY A
USER-SUPPLTEC MAIN PROCRAM.

METHOD OF SOLUTION -

RESTRICTICAS CN THE CCMPLEXITY OF THE PROBLEM - UNLESS REDIMEN-
SIONED BY THE USER, THE HIGHEST DERIVATIVE ALLCWED IS CRCER 9.
ALL ARRAYS WITHIN ASTEM ARE ONE-DIMENSICNAL TC SAVE STORAGE AREA.

TYPICAL RUNNING TIME - THE SAMPLE PRCBLEM RECUIRES LESS THAN A
MINUTE.

UNUSUAL FEATURES CF THE FRCGFAM - THE MAIN PRCCRAM IS THE SAMPLE
PFCBLEM.

RELATED AND AUXILIARY PRCGRAMS - STEAM=67 (ACC ABSTRACT 487)

STATUS - ARSTRACT FIRST DISTRIBUTED CECEMBER 1972.
IBRM360 VERSION SUBMITTED JUNE 1973, SAMFLE FRCBLEM EXE-
CUTEC BY ACC.
»

REFERENCES = K. V. MCCRE, ASTEM - A CCLLECTICN OF FORTRAN SUBRCU-
TINES TO EVALUATE THE 1967 ASME EQLATIONS CF STATE FCR WATER/STEAM
AND DERIVATIVES OF THESE EQUATIONS, ANCR-1026, OCTOBER 1571.

C. A. MEYFRy, R. B, MCCLINTCCK, G. J. SILVESTRI, ANC
Re Co SPENCERy JR.y 1967 ASME STEAM TABLES - THERMCDYNAMIC AND
TRANSPCRT PRCPERTIES OF STEAM, NEW YCRK, THE AMERICAN SOCIETY OF
MECHANICAL ENGINEERS, 1967.

P. We BRIPGMEN, THE THERMCDYNAMICS CF ELECTFICAL
PHENOMENA IN MFTALS ANC A CCNDENSEC CCLLECTICN OF THRERMOCYNAMIC
FCRMULAS, NEW YOPK, CUVER PUBLICATIONS, INC., 1961.

MACHINF RECUIREMENTS - 68K BYTES
PECGRAMMING LANGUAGE USED - FCRTRAN IV

2:ERATING SYSTEM OR MUNITOR LNDER WHICH PRCGRAM IS EXECUTED -
/360.

ANY UTHER PROGRAMMING CR CPERATING INFCRMATICN OR RESTRICTICNS -

MFE AND ESTABLISFMENT OF AUTHCR -
K. V. MOOPRE

—
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NAME AND ESTABLISHMENT OF AUTHCR(S) (CCNTINUEC)
AEROJET NUCLEAR CCMPANY
P. O. BOX 1€45
ICAFO FALLS, IDAHC 83401

15.

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (1551 CARCS)
SAMPLE PROBLEM (83 CARDS)
REFERENCE REPCRT, ANCR-1026

17. CATEGORY - H
KEYWCRDS - THERMOCYNAMICS, WATER, PRESSURE, TEMPERATURE, LIQUIDS,

VAPORS, STEAM-67 CCDES
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NAME 0P CESICNATICN CF PRCGRAM - SLACE-D

CCPPUTFR FCR WHICH PRNGRAM 1S DESIGNED AND OTHERS LPON WHICH
(T 15 OPERABLE - CCC6600

DESCRIPTION OF PROBLEM OR FUNCTION - SLADE-D AMNALYZES THE TRAN-
SIENT DYNAMIC RESPCNSE OF ELASTIC SHELLS.

METHCD CF SOLUTION - SLADE-C USES THE FINITE ELEMEMNT METHCD IN
SPACE AND CENTRAL CIFFERENCE SCHEME IN TIME.

RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - MAXIMA CF =
€50 FLEMENTS
7€C0 NODAL POINTS

TYPICAL RUNNING TIME - RUNNING TIME IS CCNTROLLEC BY THE SIZE OF
THE MESH AAD THE LENGTH IN TIME FCR WHICH THE RESPCANSF IS SCUGKT.

UNUSUAL FEATURES CF THE PROGRAM - SLACE-C IS CESIGNEC FOR THE
DYNAMIC ANALYSIS OF THIN SHELLS. A CCUBLY CURVEC, ARPITRARY
QUADRILATERAL FLEMENT IS UTILIZEC. THE FLEMENT IS BASED ON A
MINIMUM POTENTIAL ENERGY PRINCIPLE FCR THIN SHELLS. A SIMPLE
CENTRAL DIFFERENCE TIME INTEGRATION SCHEME TCGETHER WITH A CIAGC-
NAL MASS MATRIX IS USEC TC COMPUTE THE TRANSTENT DYNAMIC RESPONSE.
SINCE THE MAJORITY OF BAEROSPACE STRLCTURES ARE BASEC CN SKELLS CF
REVOLUTICN, THE PROGRAM IS DESIGNED SPECIFICALLY FOR A SHELL THE
REFERENCE SURFACE OF WHICH IS A PCRTICN OF AN BXISYMMETRIC SUR-
FACE. THE PROGRAM ALLOWS UP TO FIVE SEPARATE LAYERS AND UP TO
FIVE SEPARATE ELASTIC ANISCTROPIC MATERIALS WITH TEMPERATURE-
DEPENDENT FROPERTIES. SLADE-C RANCLES VARIARLE THICKNESS SHELLS
ANC ALLCWS THICKNESS CISCONTINUITIES ALONG ELENENT BCUNDARIES. IT
PRCVINES FCR BOTH NORMAL ANC TANGENTIAL SURFACE LOADS AND FOR TEM-
PERATURE CHANGES THROLGH THE THICKNESS AS WELL AS VARYINC TEMPFRA-
TURES OVER THE RFFERENCE SURFACE. OVER ANY PCRTION OF THE
BOUNDARY, A CHCICE OF THIRTEEN SEPARATE BCUNCARY CCONCITIONS IS
AVAILABLE. TO EASE DATA PREPARATICMN, SIMPLE BUT EFFECTIVE CENERA-
TICN SCHEMES ARF BUILT INTC THE PROGRAM. SLADE-D COMPUTES DYNANMIC
DEFNRMATICAS, VELOCITIES, STRESSES, AND STRESS RESULTANTS CCCUR-
RING IN THE SHELL. SINCE IT IS DESIGNED FCR LSE BY A LARGE AUM-
RER OF PENFLE, IT CCNTAINS ERROR CHECKS WHEREVER POSSIBLE ANC,
EXCEPT WHERF NEENDED FOR EFFICIENCY, VERY STRAICKTFCRWARC LCCIC.
SLADE-D USES A SINGLE-CIMENSIONED STCRAGE ARRAY FOR THE TOTAL
STIFFNESS MATRIX, MASS MATRIX, ANC LCAC VECTOR. IF A GIVEN PROB-
LEM FITS WITHIN THE LIMITS OF THIS STCRAGF ARRAY, THE FRCGRAM
FUNCTIONS AS AN IN-CCRE PROGRAM. IF ACDITIONAL STCRAGE IS
REQUIPED, THE FRCGRAM SEEKS CA-LINE AUXILIARY STCRAGE WHICH MUST
RE RANDOMLY ACCESSIBLE.

RELATED ANC AUXILIARY FRCGRANMS - SLACE-C IS AN CUTCGRCWTH OF AN
EARLIER STATIC SHELL PROCRAM, SLADE.
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10.

11.

12.

13.

14,

16.

STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1673.
CCC6600 VERSICN SUBMITTEC SEPTEMBER 1973.

PEFERENCES - SAMUFL W. KEY AND ZELMA E. PREISINCER, SLACE D, A COM-
PUTER PROGRANM FOR THE CYNAMIC ANALYSIS OF THIN SHELLS,
SLA-73-CC7S, JANUARY 16573.

S. We KEY AND 2. F. BEISINGFR, SLADE, A COMPUTER PRC-
GRAM FOR THE STATIC ANALYSIS OF THKIN SKELLS, SC-RR-€S5-3€S, NOVEM-
BER 1970.

MACHINF RECUTREMENTS - 79,000 CECIMAL WCRC CCRE, EXTENDED CORE
STORAGE, AND MASS STORAGE DISK FILES

PROGRAMMING LANGUAGE USEC - FCRTRAN 1V

OPERATING SYSTEM OFR MONITUR LNDER WHICH PROGRAM IS EXECUTFC -
SECPE 3.2.

ANY OTHER PROGRAMMING COR CPERATING INFORMATICN OR RESTPICTICAS -
THE STIFFNESS MATRIX, MASS MATRIX, ANC LOAD VECTCR GENERATED ARE
STORED IN A, A ONE-DIMENSIONAL ARRAY CF 6056 LCCATICNS. IF TFE
MATR ICFS ANC VECTOR GENERATED REQUIRE MORE THAN €056 CORE LOCA-
TIONS, EITHER RANDCM ACCESS EXTENCEC CCRE STCRAGE, RANCOM ACCESS
MASS STORAGE DISK FILES, OR THE ECUIVALENT IS RECUIREC. AS TFE
PROGRAM IS CURRENTLY WRITTEN, THE MASS STCRAGE CALLS WRITEC AND
READEC ARE USED IN CONJUNCTICN WITH A CCC 6635 EXTENCEC CORE STOR-
AGE UNIT, AND THE MASS STORACE CALLS OPENMS, WRITMS, AND REACMS
ARE USED IN CCNJUNCTICN WITH THE SYSTEM CISK FILFS.

THE REQULIRED NUMBER OF BLCCKS NEEDED TC STCRE THE STIFFNESS
MATRIXy MASS MATRIX AND LOAD VECTOR IS SET UP AS CNE FILF CF
INFORMATICN IN EXTENCEC CORE STCRAGE CR IN CISK FILE STORAGE.
EXTENDEC CCRE STORAGE IS SOUGHT FIRST, ANC, IF TFHE FILE LENCTH
EXCEEDS THE SPACE AVAILABLE, THE FILE IS PLACED IN DISK STORAGE.
EACH BLOCK COMPRISES €C56 CCRE LOCATICNS, LCCATEC IN THE ARRAY A
WHEN IN THE CORE OF THE COMPUTER. THE MASS STCRAGE CALLS ALLCwW
ANY NUMBER CF WCRCS TC BE TRANSFERREC TC CR FRCM THE FILE START-
ING AT ANY POINT IN THE FILE. THE RESLLT IS A RANCCMLY ACCESSIBLE
FILE. ANY BLOCK IS ACCESSIBLF AT ANY TIME. THE RANDOM ACCESS
FEATURE IS REQUIRED IN THE ASSEMBLY CF THE STIFFNESS MATRIX, MASS
MATRIX, AND LOAD VECTOR IN MERGEX. THE TIME INTEGRATICN IN INTEGX
USES THE FILE SEQUENTIALLY.

NAME AND ESTABLISHMENT OF AUTHCRS =
Se. We KEY ANC Z. E. BEISINGFR
DIVISICN 1541
SANCIA LABORATORIES
F. C. BCX 5800
ALBUQUERQUE, NEW MEXICC 87115

MATERI AL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CECK (3409 CARCS)
SAMPLE PROBLEM (61 CARDS)
REFERENCE REPCRT, SLA-73-0079
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Sy FINITE ELEMENT, DYNAMICS, STRUCTURAL ANALYSIS,
MATION, STRESSES, MASS MATRICES, SLACE CCDES
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1. NAME OR DESIGNATION OF PROGRAM - FMCONA

2. COMPUTER FCR WHICH PRCGRAM IS CESIGNED AND OTHERS UPCN WHICH
IT IS OPERABLE - IBM3¢€0

3. DESCRIPTICN CF PRCBLEM CR FUNCTION - MONA SOLVES THE MULTIGROUP,
ONE-DIMENSIONAL NEUTRON DIFFLSION EQLATICAS IN SLAE, CYLIN-
DRICAL, OR SPHERICAL GECMETRY FOR EITHER THE DIRECT OR ADJCINT
FLUX. BOUNDARY SCOURCES AND SPATIALLY CEPENDENT VCLUME SCURCES
CAN BE GROUP DEPENDENT. MULTIPLE THERMAL GRCUPS ARE ALLCWED.

4, METHOD OF SOLUTION - THE SYSTEM CF FINITE CIFFERENCE ECUATIONS
OF A GROUP ARE SOLVED BY THE GAUSS METHOD. CUTER ITERATICANS CN
THE NEUTRCN FISSICN SCURCE CAN BE ACCELERATED WITH THREE-POINT
CHEBYSHEV EXTRAPOLATICN, AND INNER ITERATICNS CN MULTIPLE
THERMAL GRCUPS CAN BE ACCELERATED WITH TWO-PCINT EXTRAPOLATIGN
CR GROUP SCALING.

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA CF -
50 GRCLPS
50 REGIONS
20 MACRCSCOPIC MATERIALS
GG9 LIBRARY MATERIALS
500 MESF POINTS

6. TYPICAL RUNNING TIME - A SAMFLE PRCBLEM WITH 22 GROUPS, 41 MESH
POINTS AND NO UPSCATTER REQUIRES 0.3% SECONDS CF CPU TIME PER
CLUTER ITERATIGN.

7. UNUSUAL FEATURES OF THE PROGRAM - FLUX=VOLUME WEIGHTED FEW-
GRCUP CCONSTANTS CAN BE GENERATEC. PARAMETER SEARCHES THAT CON-
VERGE TO USER-SPECIFIED EIGENVALUES INCLUDE BUCKLING, PCISCA,
DIMENSION, BOUNDARY, AND CONCENTRATICN SEARCHES. OLTPUT EDITS
INCLUDE ARBITRARILY NCRMALIZEC FLUX, SCURCE, ANC POWER DISTRI-
BUTIONS; FLUX SPECTRA; MEDIAN AND AVERAGE ENERGY DISTRIRUTIGNS
FCR VARIOUS REACTICN RATES: CETAILEC NEUTRON BALANCE DATA;
ACTIVATICN TRAVERSES; AND CISTRIBUTICAS CF RATIOS OF ARBITRARY
REACTION RATES.

8. RELATED ANC AUXILIARY PROGRAMS - MANY CF THE CETAILEC ALGORITEMS
ANC CENERAL METHODS OF THE MONA CCODE WERE TAKEN CIRECTLY FRCM THE
FEW-GROUP, ONE-DIMENSICNAL DIFFUSION CODE CORA.

9. STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1673,
IBM360 VERSICN SUBMITTED NOVEMBER 1972, SAMPLE PROBLEM
EXECUTED BY ACC.

10. REFERENCES - G« E. PUTNAM, MONA, A MULTICRCUP CNE-DIMENSIONAL
NEUTRONICS ANALYSIS CQCE, ANCR-1051, MARCH 1972.
Re Lo MUELLFR, 260/7%5 INTERVAL TIMER RCLTINE, EXCERPT
FRCM NRTS ENVIRCNMENTAL SUBRCUTINE MANUAL, OCTCBER 1S&8.
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1.

13,

14.

17,

WMACHINE RFCUIRFMENTS - 300K BYTES CF CCRE STORPAGE, S FORTRAN LCGI-
CAL UNITS FOR PROGPAM-REQUIREC DATA SETS, 3 FCRTRAN LCGICAL UNITS
FCR CARC INPUT, PRINTED CUTPUT, ANC PUNCHED CARD OLTPUT

PROGRAMMINC LANGUAGE USED - FCRTRAN IV (H)

CPERATING SYSTEM CR MCNITCR UNDER WHICKF PRCGRAM IS EXECUTEC -
ns/360.

ANY OTHER PRCGRAMMING CR CPERAT ING INFORMATICN OR RESTRICTIONS -
THE PROGRAM COMPILES WITH THE FCRTRAN H CCMPILER, CPTIMIZATICN
LEVEL 2. IT CCNSISTS OF A RCOT MAIN SEGMENT THATY CALLS 8

OVERLAYS SERTALLY. MCNA CALLS 3 INSTALLATION-CEPENCENT ROUTINES-~-
TIMSET, TIMER, AND TIMJ. THE FIRST TwO ARE DESCRIBEC IN REFERENCE
2. TIMJ IS A SMALL CLCCK (ELAPSEC CPU TIME) RCUTINE THAT CAN BE
EASILY REPLACED OF DUMMIEC. AN IBM360 SYSTEM ROUTINE ERRSET,
CESCRIBED IN GC28-6817-2, IBM SYSTEM/3260 OPFRATING SYSTEM, FCRTRAN
Iv (G AND K) PROGRAMMERS CGUICE, IS ALSC CALLEC AND MAY BE CUMMIED.

NAME AND ESTABLISHFMENT OF AUTHNR -
Ge Eo PUTNAM
AEROJET NUCLEAR CCMFANY
P. 0. BOX 1845
ICAKC FALLS, ICAKC 83401

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL
SOURCE CFCK (9282 CARCS)
LCAD MOCULE MONA (25C BLOCKS)
SAMPLE PRCBLEM (223 CARDS)
CONTROL INFORMATION (JCL 35 CARDS)
REFERENCE REPORT AND EXCERPT »

CATEGORY - C
KEYWORDS - MULTIGROUP, 1-DIMENSIONAL, DIFFUSICN, CRITICALITY
SEARCHES, SLABS, CYLINCERS, SPHERES, CORA COCES
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15.

l1€.

ACC ABSTRACT 583 11/73

NAME NR DESIGNATICN OF PROGRAM - STEFEG

COMPUTER FCR WHICH PRCGRAM IS DESIGNEC AND CTHERS LPON WHICH
IT IS OPERABLE - IBM360

DESCRIPTICN OF PROBLEM OR FUNCTION - STEFEG CALCLLATES GASECOUS
SOURCE TERMS. IT CCMPUTES THE GASECUS RELEASES THROUGK VARIOUS
PATHS FROM BCILING WATER KEACTORS AND/OR PRESSURIZED WATER
REACTORS.

METHCD CF SOLUTION -

RESTRICTIONS ON THE CCMPLEXITY CF THE FROBLEM - 20 ISOTOPES,
ANC 6 REPORTS EACH FOR PRESSURIZED WATER REACTCR AND BCILING
WATER REACTCR.

TYPICAL RUNNING TIME - 12 REFPCRTS RECQUIRE ABCUT 14 SECCNDS.
UNUSUAL FEATURES CF THE FRCGRAM -
RELATEC ANC AUXILIARY PROGRAMS -

STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMEER 1973.
1BM360 VERSICN SUBMITTEC CECEMBER 1572, SAMPLE PROBLEM
EXECUTED BY ACC.

REFFRENCES - F. T. BINFORDy Te. P. HAMRICKy G. he PARKER,
ANC T. He ROW, ANALYSIS OF PCWER REACTCR GASEOUS WASTE SYSTEMS,
12TH AEC AIR CLEANING CCNFERENCE, ANC ERRATA.

MACHINE RECUIREMENTS -
PRCGRAMMING LANGUACE USED - FORTRAN IV

OPERATING SYSTEM OF MUNITOR UNDER WHICH PRCGRAM IS EXECUTEC -
0S/360.

ANY OTHER PROGRAMMING CR CPERATINC INFCRMATICN CR RESTRICTICNS -

NAME ANC ESTABLISHNMENT CF AUTHORS -
F. T. BINFORDy T. P. FAMRICK,
G. W. PARKERy, AND T. H. RCW
CAK RIDGE NATIONAL LABCRATORY
P. 0. BCX X
OAK RIDGE, TENNESSEE 27820

MATERIAL AVAILABLE -
SOURCE CECK (652 CARDS)
SAMPLE PRCBLEM (63 CARCS)
CONTROL INFORMATION (JCL S CARDS)
REFERENCF REPCRT ANC ERRATA
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WER REACTORS, GASES, RADICACTIVITY, WASTE SOLUTIONS
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NAME OR DESIGNATICN CF PROGRAVM - FPFWM

COMPUTER FOR WHICKF PROGRAM IS DESIGNED AND OTHERS UPCN WHICH
IT 1S OPERABLE - IBM360

DESCRIPTICN OF PROBLEM OR FUNCTION - FPFM IS USED IN RADIOLOGICAL
SAFETY ANALYSES CF LINE REACTCRS (BWR'S ANC PWR'S ONLY) TO
CALCULATE: (1) MAXIMUM NOBLE GAS RELEASE TO THE FUEL CLACDING

CAP FOR TOTAL CCRE DURING STEACY-STATE OPERATICN, (2) NOBLE

GAS RELEASED TO THE REACTOR PRIMARY SYSTEM FOR SELECTEC PIN
PERFCRATICONS, AND (3) INTERNAL PIN PRESSURE (CPTIONAL).

METHOD OF SOLUTION - AN ANALYTICAL METHOD IS USEC BASEC CN A
STEADY-STATE RELEASE MODEL. THIS METHOD WHICH EMPLCYS FISSICON GAS
CAPSULE CATA AND CCNSERVATIVE ASSUMPTICNS KAS PROVICEC COOC CORE-
LATIONS OF CAPSULE RELEASE DATA AND CESCRIBEC FISSICAN PRCCUCT
DISTRIBUTICN IN URANIUM CXIDE FUELS. THE ASSUMPTICNS USED ARE
THAT THE RELEASE CF ICDINE-131 IS EQUAL TC THE FRACTIONAL RELEASE
OBSERVED FOR XENON-131, AND THAT ALL THE FUEL PINS HAVE A LCw
FUEL-TO-SHEATH HEAT TRANSFER COEFFICIENT AND, THEREFCORE, A HIGH
FUEL SURFACE TEMPERATURE WHICH INCREASES RELEASE FOR ALL CCRRE-
SPCNDING HEAT RATINGS.

RESTRICTIONS ON THE COMPLEXITY CF THE FRCBLEM - FPFM APPLIES
CNLY TO WATER-COOLED REACTORS.

TYPICAL RUNNING TIME - LESS THAN 1 MINLTE IS REQUIREC FCR A TYPI-
CAL PRCBLEM.

UNUSUAL FEATURES CF THE PRCGFRAM -
RELATEC ANC AUXILIARY FRCGRAMS -
STATUS - ABSTRACT FIRST DISTRIBUTED CECEMPRER 1673.

[BM360 VERSICN SUBMITTED JANUARY 1973, SAMPLE PROBLEM

EXECUTED BY ACC.

REFERENCES - V. F. BASTCNy, J. He MCFACCEN, W. A. YUILL,
AN ANALYTICAL METHOD FOR CALCULATING STEADY-STATE FISSICN GAS
RELEASE--FISSION PRODUCT FUEL MODE (FPFM) CCDE, ANCR-1010,
SEPTEMBER 1971.
MACHINE RECUIREMENTS - 7CK STORAGE SINGLE-PRECISICN
PROGRAMING LANGUAGE USED - FCRTRAN 1Iv

CPERATING SYSTEM CR MCNITCR UNDER WFICF PRCGRAM IS EXECUTED -
0S/3¢€0.

ANY OTHER PROGRAMMING CR OPERATING INFORMATICN CR RESTRICTICAS -
SOURCE CODE DECK IS MOCIFIEC TO CALL LATER VERSICN CF TFE
CALCCMP PLOTTING PACKAGE.
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ND ESTABLISHMENT CF AUTHCR -
Coe V. F. BASTON
AERCJET NUCLEAR COMPANY
P. 0. BOX 1845
IDAKC FALLS, ICAFO 83401

VAILABLE - MAGNETIC TAPE TRANSMITTAL
CECK (131 CARDS)
FRCBLEM (18 CARCS)
OL INFURMATION (8 CARDS)
MCCULE (PRCLIBC-69 BLCCKS)
ERENCE REPORT

6
= GASES, FISSICN PRCCUCTS, RACICACTIVITY, CLACDING,
WATER COOLANTS, POWER REACTORS, CPERATICA
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NAME DR DESIGNATION OF PRCGRANV - TRIAL

COMPUTER FCOR WHICH PRCGRAM IS CESIGNEC AND CTHERS UPCN WHICH
IT IS DPERABLE - Hé0CO

DESCRIPTION CF PRCBLEM OR FUNCTION - TRIAL CARRIES OUT A SINPLE
LINKING OF SEVERAL TwWC-DIMENSIONAL, MLLTICROUP NEUTRCN (CIRECT CR
ADJOINT) FLUX SETS TO GIVE A THREFE-DIMENSICONAL REPRESENTATICN.

METHOD OF SOLUTION - THE FLUX LINKING AFPRCACK ASSUMES TFAT TFHE
REACTOR SYSTEM CAN BE WELL REPRESENTED IN CYLINDRICAL GECMETRY AND
REQUIRES INPUT OF ONE (RyZ) MULTIGRCUP FLUX SET ANC CNE COR MORE
(XyY) MULTIGROUP FLUX SETS FCR SELECTED FLANES PERPENCICULAR TC
THE Z-AXIS. PCINTS CF INTERSECTION RETWEEN THE TRANSVERSE PLANES
AND SELECTED AXIAL LINE SHAPE FUNCTICNS ARE USEC TO ESTABLISK
FUNCTIONAL DISTRIBUTICNS WHICKH DEPEND CN THE SPECTRA (F.G.sy THE
PU239 FISSION RATE, B10 ABSCRPTION RATE, ETC.). FCR FACH TRANS-
VERSE PLANE, A WEIGHTEC FUNCTICNAL IS DETERMINEC BY AVEFRACING TFE
POINTWISE FUNCTIONALS OVER ALL THE INTERSECTING NCDES CF THE AXIAL
LINES AND THAT PLANE. TFE WEIGHTED FUNCTICNS ARE THEN USEC AS
NORMAL IZATION CONSTANTS IN A SIMPLE INTERPCLATICN (CR EXTRAPCLA-
TION) ROUTINE FCR COMPUTING THE THREE-DIMENSIONAL FLUX REPRESEN-
TATION.

RESTRICTICNS ON THE CCOMPLEXITY CF THE PROBLEM - A MAXIMUM GOF 25
TWO-DIMENSICNAL FLUX SETS MAY BE INPUT TC TRIAL. OTHERWISE,

VAR TABLE-DIMENSIONED ARKAYS ARE USED EXCLUSIVELY WITHIN THE PRC-
GRAM AND PRCBLEM SIZE LIMITATIONS WILL BE CICTATED BY THE ANCUANT
OF AVAILABLE CCMPUTER MEMCRY.

TYPICAL RUNNING TIME - A PROBLEM CONSISTING CF A 2C X 20 X 21 MESH
ARRAY, 7 INPUT (X,Y) FLUX SETS ANC 3 AXIAL LINE SHAFE FUNCTICNS
RECUIRES APPROXIMATELY 3 MINUTES.

UNUSUAL FEATURES OF THE PRCGRAM -

RELATED ANC AUXILIARY PRCGRAMS - TRIAL USES THE GENEC ENVIRCNMEN-
TAL SUBROUTINE PACKAGE (ACC ABSTRACT 515).

STATUS - ABSTRACT FIRST DISTRIBUTEC CECEMBER 1573.
H6000 VERSION SUBMITTEC FEBRLARY 1973.

REFERENCES - C. L. CCWAN, P. GREEBLER, B. A. FLTCHINS, M. D.
KELLEY, ANC R. PRCTSIK, A CESCRIPTICN ANC EVALUATICN CF THE FLUX
LINKING APPROACH FOR COMPUTING THREE-DIMENSIONAL FLUXES - THE CCM-
PUTER CODE TRIAL, GEAF-13931, MARCF 1973,

B. M. CARMICHAELy D. A. MENELEY, ANC C. R. VONDY,
REPORT CN THE SUBCCMMITTEE ON STANCARC INTERFACE FILES, PREPARED
FOR THE COMMITTEE CN CCMPUTER CCCE CCCRCINATICN, SEPTEMBER 1,
1971.
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1.

12
13.

14¢

1€,

17.

MACHINE REQUIREMENTS - 32K MEMORY, A FMINIMUM CF 4 LOGICAL UNITS
FOR THE PERIPHERAL STORAGE OF INPUT, WORKING, AND CUTPUT FLUX
SETS, PLUS AN ADDITICMAL LOGICAL UNIT FOR EACF ADDITICONAL INPUT
(X,¥) FLUX SET GREATER THAN CNANE

PROGRAMMING LANGUAGE USED - FCRTRAN IV

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED =~
6C056000.

ANY OTHER PROGRAMMING OR OPERATING INFORMATICN CR RESTRICTIONS -
ALL INPUT FLUX SETS ANC THE OQUTPUT 3-C FLUX SET ARE PRESCRIBED IN
THE FORMAT OF THE STANDARD INTERFACE FILE, AS RECCMMENDEC BY TKE
STANDARC INTERFACE FILE SUBCOMMITTEE OF THE COMPLTER CODE COCRDI-
NATION COMMITTEE (SEE REFERENCE 2).

NAME AND ESTABLISHMENT OF AUTHOR -
C. L. CChAN
BREEDER REACTOR DEPARTMENT
GENERAL ELECTRIC COMPANY
310 DEGUIGNE DRIVE
SUNNYVALE, CALIFORNIA S4CB6

MATERIAL AVAILABLE -
SOURCE CECK (971 CARDS)
SAMPLE PRCBLEM (23 CARDS)
CONTROL INFORMATION (S6 CARDS)
REFERENCE REPORT, CEAP-13931

CATEGORY = C
KEYWORDS - 3-CIMENSIONAL, REACTION RATES, POWER DISTRIBUTIONS,
LMFBR REACTCRS
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NAME OR DESIGNATICN CF PROGRAM =