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PREFACE 

The term "codc package" is used by RS1C to describe a miscellaneous grouping of materials 
which, when interpreted in conncction with a digital computer, enables the scientist-user to solve 
technical problems in the area for which the material was designed. In general, an RSIC "code 
packagc" consists of: (a) written material • reports, instructions, flow charts, listings of data, and 
other useful material; (b) other materials - IBM card decks, or, more often, a reel of magnetic tape 
on which the IBM card decks (source), sample problem input, including libraries of data, and the 
BCD/ EBCDIC output listing from the sample problem are written. In addition to the main code, 
any auxiliary routine which has been made available to RSIC is also included. 

In the beginning, RSIC included nuclear data libraries, when available, in the code package. 
Excepting in rare instances, we now include in the package only data required by the sample 
problem. The data collection is described in ORNL-RSIC-30. each data set packaged separately. 
Much of the new computing technology requires cross sections in the Evaluated Nucleiir Data File 
(ENDF) format. The official distributor of the E N D F / B Master Data Files is the National Neutron 
Cross Section Center (NNCSC) at Brookhaven National Laboratory, and requests for the data 
should be directed to N N C S C or official depositories serving areas other than the United States. 

The abstract format chosen by RSIC grew out of the need to adequately describe the code 
packagc. Care was taken to make the format include all of the information required by the formats 
of the Argonnc Code Center and the OECD Nuclear Energy Agency Computer Programme Library 
to facilitate exchange. Codc contributors are increasingly helpful in the writing of abstracts. A copy 
of the RSIC format is included as a guide for this purpose. 

The main purpose of the abstracts is to give to a potential code user several criteria for deciding 
whether or not he wishes to request the code package. It is suggested that the reading of the 
references cited in each abstract would be the logical next step before requesting the complete 
packagc. 

A request for codc packages should be mailed to 

CODES COORDINATOR 
Radiation Shielding Information Center 
Oak Ridge National Laboratory 
P.O. Box X 
Oak Ridge, Tennessee 37830 

or telephoned to 
Area Code 615; 483-8611, extension 3-6944, or to FTS 
xx-850-6944. 

The requester must supply the required number of reels of magnetic tape to be used for transmittal. 
A statement as to how they should be written should accompany the tapes. Information on the 
requester's local computer environment is helpful. The number of records in each master tape is 
denoted in Item 11 of the abstract as a guide in deciding how many tapes to provide. N o more than 
24,000 records can be written on a full reel (2400 feet) at 7 track, 556/800 bpi. A full reel written 9 
track will hold at least 200,000 records. Information should also be given concerning the requester's 
ability to read blocked tapes. 
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Earlier volumes (I-Ul) of RSIC-13 were published in loose-leaf binders for the user's 
convenience. Volume IV (CCC-169 through CCC-263) is bound in soft covers for economy. Three 
holes are punched for the possible convenience of the user. 

The RS1C staff is particularly concerned that we note our contributors properly and give due 
credit. It is hoped that any lapse will be called to our attention. 

When a code is placed in the RSIC collection, the contributor is asked to designate an 
individual familiar with the programming, operation, and data preparation to be available to answer 
questions. Their assistance in the checkout phase is appreciated. We are also pleased to note the 
increasing number of requesters who visit the Center to assist in the checkout of computer codes in 
which they have an interest. Such participation is encouraged as being mutually profitable. 

The RSIC collection may include computer codes which, for various reasons, have restricted 
distribution. The restriction is explained and the code package is handled in the manner indicated by 
the restriction. 

RSIC cooperates with the Argonne Code Center and the OECD Nuclear Energy Agency's 
Computer Programme Library (NEA CPL), located in Ispra, Italy. RSIC code packages are placed 
in NEA CPL hi order to expedite service to the European shielding scientist. 
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RSIC CODE ABSTRACT FORMAT 

PAGINATION (RSIC wilt do this) 
In upper right corner give the number assigned to the package and the package number. 

Example: the four pages of codc package CCC-I would be numbered 1.1. 1.2, 1.3. and 1.4. 

HEADING 
RSIC CODE PACKAGE CCC-xx. where xx is the number assigned by the Center when the 

code is packaged and ready for distribution. 

Descriptive Headings am/ Contents: hems I through IS 

1. NAME AND TITLE OF CODE 
a. Name given to main code, or to code package. 
b. Give u descriptive title. This title should tell something of the nature of the codc: culculutional 

method, geometry, or any feature that distinguishes this shielding code from another. 

AUXILIARY ROUTINES 
Name and descriptive title of auxiliary codes used in preparing data or in processing output. 

Give any useful background information or history of the primary code or the auxiliary 
codes. Such information should include the name of a code that might have been superseded or 
extended into this version, establish credit for original work, explain a code name that has been 
changed, or give a specific meaning if there is one to the name selected. 

2. CONTRIBUTORS 
a. Give name and location of installation where code was developed. 
b. tf more than one installation is involved in the codc development, give name and location of 

installation with whom credit is to be shared. 
c. If an additional contribution is made to the codc package by an installation other than that 

listed in (a) or (b), give name and location of installation and itemize the addition. 

3. CODING LANGUAGE AND COMPUTER 
Make a brief statement, as FORTRAN IV; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
Give a brief description of the physical problem, including any basic physics approximations 

contained in the problem formulation. 

5. METHOD OF SOLUTION 
Make a short summary of the mathematical and. numerical techniques used in the 

calculation. 

6. RESTRICTIONS OR LIMITATIONS 
Include restrictions suggested by storage allocation and implied argument range restrictions 

due to approximations, etc. 



7. TYPICAL RUNNING TIME 
Give enough detail to enable the potential user to estimate the running time for a given 

choice of program parameters. 

8. COMPUTER HARDWARE REQUIREMENTS 
a. Designed for what machine configuration? Size? 
b. Upon what other machines is it operable? 
c. What auxiliary storage (such as tapes, discs, drums) is needed? 
d. What is the channel configuration? 
e. What auxiliary equipment (such as punch, printer, plotter) is needed? 
f. Is clock sampled? 

9. COMPUTER SOFTWARE REQUIREMENTS 
a. Under Programmer Control 

If routines included in the package have been coded in mixed languages, indicate extent 
of each. If a certain class of routines is in assembly rather than compiler language (input-
output, random number generator, etc.), this should be stated. 

b. Operating System or Monitor 
With the operating system or monitor and associated subroutine library distributed by 

the computer manufacturer defined as "standard," note all deviations from this standard 
pertinent to the operation of the program. The following questions should be answered. 

(1) Monitor or other system? 
(2) Is an interpreter or manager or executive routine required? 
(3) Arc nonstandard library routines used? 
(4) Are there variations in channel assignments? Is a special 1-0 table required? 
(5) Are operator decisions or actions required (use of switches, etc.)? 

10. REFERENCES 
List (by report number, title, author, and date) documentation available for describing the 

code and its utilization. 

11. CONTENTS O F C O D E PACKAGE (RSIC Will Do This) 
Name items in the package, as 

a. documentation: listed references and any additional available material, 
b. codes, including main program and any auxiliary programs, relating in wha', form they are 

being distributed, 
c. software being distributed with the code package, 
d. sample problem input and output, 
e. libraries available for use with the codes. 

12. DATE OF ABSTRACT 
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RSIC CODE PACKAGE CCC-169 

1. NAME AND TITLE 
CAVEAT: General Purpose Monte Carlo Time-Dependent Radiation Transport Code i*: Complex 

Geometry. 

AUXILIARY ROUTINES 
CSIR-F.NDF/B: Tape Handling Cross Section Library Code. 
LEGWORK: Average Differential Elastic Scattering Distribution Generator. 

CAVEAT is based on an early version of COHORT developed by Radiation Research Associates 
(RRA) for NASA/MSFC. See also CCC-198/COHORT II, contributed by NASA/LRC, based on the 
same original source. 

2. CONTRIBUTORS 
Telcdyne Brown Engineering and NASA George C. Marshall Space Flight Center, Huntsville, 

Alabama. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV and Assembler Language; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
CAVEAT is a general purpose Monte Carlo computer code which treats the transport of neutrons, 

gamma rays, and secondary gamma rays in evaluating radiation shielding requirements. Its routines solve the 
general quadratic surface equations with the additional features of time dependence, exponential density 
completion of a shielding problem from sourcc generation to analysis of fluence and/or dose in a series of 
job steps for third generation computers. 

5. METHOD OF SOLUTION 
CAVEAT employs the logic of random walk processes in the Monte Carlo numerical techniques for 

solving radiation shielding problems in complex geometry. Isotropic inelastic and anisotropic elastic 
scatterings arc treated. Exponential transformation and Russian roulette procedures are available as 
importance sampling techniques. 

One method of analysis in CAVEAT calculates the fluence and/or dose collided and uncollided 
contribution at point detectors as a function of time, energy, polar angle, and azimuthal angle. Analysts may 
also be done by using estimates of the average track length within cach geometric region. Source parameter 
descriptions are selected for energy, angle, spatial coordinates, time and weight either from a fixed or 
discrete probability tables. Secondary gamma-ray generation is accounted for. 

A stepwise typical procedure for a CAVEAT shielding problem may be: 

SOI - Neutron source particle generation S02 - Secondary gamma generation 
HOI- Transport of neutron source particles HOI- Transport of secondary gamma particles 
A01 - Analysis of neutron response A01 - Analysis of gamma response. 

6. RESTRICTIONS OR LIMITATIONS 
As a result of the variable dimensioning technique, a judicious tradeoff with data parameters between 

detailed geometry description, point cross section table values, and other library data for anisotropic 
scattering and inelastic scattering data needs to be exercised by the code user. A restriction on computer 
execution time may be above average for similar problems performed by CAVEAT than another Monte 
Carlo program. CAVEAT has no capability in performing the adjoint method of solution to a radiation 
shielding problem. 
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7. TYPICAL RUNNING TIME 
For comparative purposes the Benchmark Experiment Number 1 of Ref. 3 required 15 minutes of 

computer execution time to perform the radiation transport from source generation to analyze 5000 
histories. 

Sample problem: 
Tapes) Direct Access 

IBM 360/91 Core size Devices in Addition 
Code CPU Time GO STEP (bytes) to 1-0 

SOI 18 sec 124K. 2 
HOl 1.64 min 188K 5 
AO I 3 min I82K 4 

8. COMPUTER HARDWARE REQUIREMENTS 
The code operates on an IBM 360/75/91 with a maximum of 5 t.ipes or direct access devices in 

addition to l-O. With variable dimensioning, the program storage size is limited only by computer storage 
capability and the proper alteration to the blank COMMON statements in CAVEAT. The computer clock 
is sampled in the random walk procedure. 

9. COMPUTER SOFTWARE REQUIREMENTS 
The code is operable on the IBM 360/75/91 operating system using OS-360 FORTRAN H Compiler. 

OVERLAY is used. Three special routines (Random Number Generator, 1DAY, and TIME) are used and 
have been included in the code package. 

10. REFERENCES 
a. Included in package: 

N.R.Byrn, CAVEAT: A Revised Version of the General Purpose Monte Carlo Program, 
COHORT, Technical Note SE-290. Volume I - Theory and Techniques (October 1969). Volume II -
User's Manual (August 1969). 

b. Background information: 
(1) H. T. Smith, Preliminary Results of CAVEAT Verification on Benchmark Problems, 

SMD-SSL-1130 (April 1970). 
(2) A. E. Profio, ed., Shielding Benchmark Problems, ORNL-RSIC-25 (1969). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains source codes and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records: 11863. 

12. DATE OF ABSTRACT 
September 1972; updated April 1975. 

KEYWORDS: MONTE CARLO; NEUTRON; GAMMA-RAY; COMPLEX GEOMETRY; 
T I M E DEPENDENT 
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RSIC CODE PACKAGE CCC-170 

1. NAME A N D TITLE 
DISDOS: Calculation of Dose Distribution in Human Phantoms Irradiated by External Photon 

Sourccs. 

AUXILIARY ROUTINES 
D1SDOS-HOPHO: Homogeneous Phantom Model. 
DISDOS-INHOPHO: Inhomogeneous Phantom Model. 

2. CONTRIBUTORS 
Central Research Institute for Physics, Budapest, Hungary contributed the original code (CCC-I70A). 

and HEW/FDA Bureau of Radiological Health, Roekville, Maryland did the conversion'necessary for 
IBM 360 version (CCC-170B). 

3. CODING LANGUAGE AND COMPUTER 
(A) ICL FORTRAN; ICL 1905 
(B) FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
The absorbed dose (actually kcrma) is calculated for simplified human phantoms (elliptical cylinders) 

irradiated by external photon sources. The phantoms are divided into three parts: head, trunk, and legs. 
Three source distributions arc considered: collimated beam, point source, and isotropic irradiation; other 
sources may be considered since the codes are segmented. 

5. METHOD OF SOLUTION 
Monte Carlo calculations provide estimates of the dose and the standard deviation in each zone. The 

source energy spectrum may be discrete, uniformly distributed in an energy range, or given by a piece-wise 
continuous function. 

6. RESTRICTIONS OR LIMITATIONS 
Pair production is accounted for in the field of the nuclei only. Electron binding corrections to 

Compton scattering are omitted. The body has 22 organs. 

7. TYPICAL RUNNING TIME 
No time studies have been made by RSIC for Version A. The sample problems in Version B ran on the 

IBM 360/91 as follows: 
DISDOS-HOPHO 25 seconds 
DISDOS-INHOPHO one minute. 

8. COMPUTER HARDWARE REQUIREMENTS 
The codes were designed for the ICL 1905 (CCC-I70A), and have been converted to run on the IBM 

360 (CCC-170B). 

9. COMPUTER SOFTWARE REQUIREMENTS 
Standard FORTRAN compilers for the two different operating systems may be used. 

10. REFERENCE 
L. Koblinger, Two Codes for Calculation of Dose Distribution in Human Phantoms Irradiated by 

External Photon Sources, KFK1-71-12 (February 1971). 



170.2 

11. CONTENTS OF CODE PACKAGE 
Included are the rcfcrcnccd document and a reel of magnetic tape which contains source codes and 

sample problem input written in BCD/ EBCDIC card images, plus output from sample problem written in 
list format; total records: 1609 (A), 2049 (B). 

12. DATE OF ABSTRACT 
March 1973; updated April 1975. 

KEYWORDS: GAMMA-RAY; PHANTOM 
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RSIC CODE PACKAGE CCC-171 

1. NAME A N D TITLE 
MUSPALB: Albedo Calculation of Multigroup Spcctra of Neutrons Transmitted Through Multilayer 

Slab Shielding. 

2. CONTRIBUTOR 
Central Research Institute for Physics, Budapest, Hungary. 

3. CODING LANGUAGE A N D COMPUTER 
ICL FORTRAN IV; ICL 1905. 

4. NATURE OF PROBLEM SOLVED 
MUSPALB solves multigroup neutron transmission, reflection, and internal spcctra problems in 

multilaycrcd slab geometry consisting of non-multiplying media. Transmitted and reflected spectra are 
computed, 

5. METHOD OF SOLUTION 
Albedo operator or transmission matrix formalism is applied in non-multiplying media with slab 

geometry and multigroup energy treatment. The codc uses the Pcirls integral equation method for the 
albedo matrix. The 26-group cross sections of Abagyan are used. Muttilayered systems can be computed 
from matrices calculated for basic layers. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYMCAL RUNNING TIME 
No effort was made by RSIC to establish typical running time. 

8. COMPUTER HARDWARE REQUIREMENTS 
MUSPALB was designed for the ICL 1905 Computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
Standard FORTRAN IV Compiler is required. 

10. REFERENCE 
P. Virtes,Ca/culation of Multigroup Spectra of Neutrons Transmitted Through Multilayer Shielding, 

KFKI-70-37 RPT (no date). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source program 

written in ICL FORTRAN; total records 775. 

12. DATE OF ABSTRACT 
June 1972; updated April 1975. 

KEYWORDS: ALBEDO; NEUTRON; ONE-DIMENSION; SLAB; MULTIGROUP 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
TRANZ1T: Multigroup Time-Dependent Discrete Ordinatcs Radiation Transport Code in (/>, / ) 

Cylindrical Geometry. 

2. CONTRIBUTOR 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 7600 and CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
TRANZIT solves multigroup time-dependent particle transport problems in finite p.z cylindrical 

geometry. Problems solved are subject to a variety of boundary conditions including albedos and 
specification of the incoming angular flux at the right, top, or bottom of the cylinder. A time-dependent, 
anisotropic, inhomogeneous, distributed source that is separable in space-time may be used. No provision is 
made for including a fission source. A first collision source due to an energy-distributed point source on the 
axis of a system with materia) properties non-uniform in the z-direction is treated. General anisotropic 
scattering problems are treated. 

Unusual features include coarse mesh convergence acceleration, first collision source option, input 
specification of top, bottom, or right boundary fluxes, fine mesh /.-dependence of cross sections, a variety of 
boundary conditions, generalized anisotropic scattering and anisotropic inhomogcncous source option, 
built-in discrete ordinatcs constants (S.-. Sj. ...Si*), and FIDO cross section input option. 

5. METHOD OF SOLUTION 
Energy dependence is treated by the multigroup approximation and angular dependence by a discrete 

ordinates approximation. The space-time variables arc approximated by the weighted-diamond diffcrcncc 
scheme. Anisotropic scattering and anisotropic inhomogeneous sources are represented by finite spherical 
harmonics expansions. A first collision source option evaluates the analytic uncollidcd flux due to a point 
source on the cylinder axis in a medium which may have z-dependent cross sections, and uses this flux to 
compute a first collision source for further transport. Time differencing is also variable between the 
Crank-Nicholson (diamond) and completely implicit (step) schemes. The resulting scheme is stable and can 
be accurate but requires within-group iteration at each time step. Coarse-mesh rebalancing acceleration of 
these within-group iterations is performed. 

6. RESTRICTIONS OR LIMITATIONS 
The variable dimensioning capability of FORTRAN IV is used so that any combination of problem 

parameters leading to a blank COMMON vector length of less than MAX can be used. This is slightly 
greater than 25,000 words for the CDC 7600. With a few exceptions, only within-group problem data arc 
stored in fast memory, and data for all other groups are stored in auxiliary storage and current angular flux 
is stored on disk. Arbitrary numbers of groups of up or down scattering are allowed. 

7. TYPICAL RUNNING TIME 
A ten group, S6, P: scattering, 28 x 40, first collision source problem ran 18 time steps per hour on the 

CDC 7600. A three group, S<, 4 x 6, up and down scattering, isotropic source and scattering text problem 
required 0.3 minutes on the CDC 7600. 

8. COMPUTER HARDWARE REQUIREMENTS 
Six output units (disks, drums, or tapes) in addition to three system I-O Units. A CDC extended core 

storage unit or a large bulk memory is also required. Disk, drums, or tapes can be substituted for this 
requirement. 
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9. COMPUTER SOFTWARE REQUIREMENTS 
FORTRAN IV with provision for mixed integer floating arithmetic, generalized subscripting, I0H 

Hollerith formats, decode, and cncodc statements. 

10. REFERENCE 
K. D. Lathrop, R. E, Anderson, F. W. Brinkley, TRANZIT: A Program for Muitigroup 

Time-Dependent Transport in (p.:) Cylindrical Geometry, LA-4575 (December 170). 

11. CONTENTS OF CODE PACKAGE 
Included arc the rcfcrenced document and a reel of magnetic tape which contains source program and 

sample problem input written in BCD/ EBCDIC card images; total records 4333. 

12. DATE OF ABSTRACT 
September 1972; updated April 1975. 

KEYWORDS: DISCRETE ORDINATES; TIME-DEPENDENT; TWO-DIMENSION; 
CYLINDRICAL GEOMETRY; NEUTRON; GAMMA RAY 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
ZEBRA-I: Monte Carlo Electron Transport Code. 

AUXILIARY ROUTINES 
DATAPAC4: Data Generator. 
CONVKT: BCD to Binary Converter. 

2. CONTRIBUTORS 
Harry Diamond Laboratories, Washington, D. C. and National Bureau of Standards, Washington, 

D. C. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360/75/91 and UN1VAC 1108. 

4. NATURE OF PROBLEM SOLVED 
The energy deposition profile is computed in a multi-layer slab irradiated by 3 beam of monocnergetic 

electrons or those having a spectrum of energies. Photons may also be taken a\ the source of Compton 
electrons. The transmitted and reflected energy is also computed. 

5. METHOD OF SOLUTION 
The code uses Monte Carlo methods to combine Goudsmit-Saunderson multiple scattering and 

continuous slowing-down approximation. Tables of angular scattering probabilities and energy loss 
probabilities are prepared by the program DATAPAC4 and stored on magnetic disk. ZEBRA-1 takes each 
electron on a random walk where energy loss and angular deflection for each step arc looked up in the 
tables. 

6. RESTRICTIONS OR LIMITATIONS 
Data sets cover only the energy range 8 keV to 4 MeV. This range can be adjusted by the user. 

7. TYPICAL RUNNING TIME 
Run time is proportional to the number of electron histories followed and the Z of the material. On the 

360/91, a 5000 history problem with a low Z target runs in approximately 5 minutes. The same run with a 
high Z material may take 30 minutes. 

The sample problem which was run by RSIC took 45 seconds for DATAPAC4 and 4 minutes for 
ZEBRA-I. 

8. COMPUTER HARDWARE REQUIREMENTS 
The codc requires an IBM 360/75/91 operating system with a maximum of 2 tape units or direct access 

devices in addition to I-O. Region size is 440K bytes without overlay on the 360/91. One magnetic disk is 
used to transfer a data set created by DATAPAC4. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A Fortran H Compiler is required. Library data is required as input to DATAPAC4. 

10. REFERENCE 
Laurence D. Buxton, The Electron Transport Computer Code ZEBRA 1, HDL-TR-1536 (June 1971). 
M. J. Berger and S. M. Seltzer, Electron and Photon Transport Programs, Introduction and Notes on 

Program DATAPAC4, NBS Report 9836 (June 1968). 
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11. CONTENTS OF CODE PACKAGE 
Licluded arc the referenced document ant) a reel of magnetic tape which contains a library of data, 

source program, sample problem input written in BCD/EBCDIC card images, plus samp'.c problem 
output written in list format; total records 10.317 (A). 10,380 (11). 

12. DATE OF ABSTRACT 
December 1974; updated April 1975. 

KEYWORDS: MONTE CARLO: ELECTRON'; SLAB: ONE-DIMENSION 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
((ACER; Calculation of Potential External Dose from Airborne Fission Products Following 

Postulated Reactor Accidents. 

AUXILIARY ROUTINE 
RIBD: Radioisotope Buildup and Decay Data Generator. 

R1BD is available separately as CCC-137/ RIBD. 

2. CONTRIBUTOR 
Handle Memorial Institute. Pacific Northwest Laboratories, Richland, Washington. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; UNIVAC 1108. 

4. NATURE OF PROBLEM SOLVED 
The program calculates whole body gamma-ray dose resulting from exposure to a plume of airborne 

radionuclides released from a nuclear reactor. The plume concentration is assumed to be bivariate Gaussian 
with pcrfect reflection at the ground plane. The multiple containment model is comprised of three stirred 
vessels in series with removal terms for settling and filtration. Resuspcnsion of volatile daughters from 
settled and filtered material is also accounted for. Fission product chain decay is accounted for at all stages 
of the calculations. Fission product inventories arc calculated by a multiple chain grid processor which 
allows for two fission sources (RIBD). 

5. METHOD OF SOLUTION 
A point kernel integration is used to calculate the finite cloud dose. The numerical integration 

technique used is an eight point polynomial approximation applied to as many intervals as necessary to 
ensure an accurate calculation. 

6. RESTRICTIONS OR LIMITATIONS 

Number of fission products 450 
Number of activation products 150 
Number of photon energy groups 16 
Number of nuclides per decay chain 7 
Number of decay chains 96 
Number of time increments for release 

of nuclides to the atmosphere 354 

7. TYPICAL RUNNING TIME 
Approximately 5 minutes is required for a simple run. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code is operable on the UNIVAC 1108 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
The code requires a FORTRAN V compiler. Three types of data libraries are used and are included in 

the package. 

10. REFERENCE 
D. L. Sl. M. M. Hendrickson, E. C. Watson, RACER—A Computer Program for Calculating 

Potential External Dose from Airborne Fission Products Following Postulated Reactor Accidents, 
BNWL-B-69 (June 1971). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains data libraries, .source 

program and sample problem written in BCD/ EBCDIC card images; total records H604. 

12. DATE OF ABSTRACT 
February 1975. 

KEYWORDS: AIRBORNE; FISSION PRODUCTS; REACTOR ACCIDENT 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
IMCTTLI:: Fission Product Inventory' Codc. 

2. CONTRIBUTOR 
Nuclear Research Center, Fontcnay-aux-Roses, France through the OECD NEA Computer 

Programme Library, Ispra (Varesc), Italy. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV and Assembler Language; IBM 360/50/65/91. 

4. NATURE OF PROBLEM SOLVED 
IMC IK I: calculates any quantity such as fission product formation, which is proportioned to the 

fission rate in the period following irradiation of ; "U, : ,"U, and Pu fuels. Irradiation levels are defined by a 
succession of linear power diagrams. The quantity considered is integrated over the power history. 

5. METHOD OF SOLUTION 
The nuclide composition equations and irradiation levels are solved by piece-wise integration with 

logarithmic interpolation. PREPIC permits the preparation of fission product data from the results of 
PEI'IN-LE-BREF. 

6. RESTRICTIONS OR LIMITATIONS 
The problem should be limited to 100 irradiation stages and 30 decay-cooling periods. 

7. TYPICAL RUNNING TIME 
For 30 levels. 4 test points and 3 nuclides, 10 sec of 360/50 time are needed (execution time only). 

8. COMPUTER HARDWARE REQUIREMENTS 
The code is operable on the IBM 360/50/65/91 computers. 

9. COMPUTER SOFTWARE REQUIREMENTS 
Standard FORTRAN IV compilers may be used. 

10. REFERENCE 
Bertrand Barre. Program for the Integration of Elementary Fission Curves with Consideration of the 

Development of Fissile Nuclides, CEA-N-1203 (OR NL-tr-2527) (October 1969). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains source code and 

sample problem input written in BCD/EBCDIC card images plus sample problem output written in list 
format; total records 2630. 

12. DATE OF ABSTRACT 
December 1974; updated April 1975. 

KEYWORDS: FISSION PRODUCT INVENTORY 



176.1 

RSIC CODE PACKAGE CCC-171 

1. NAME A N D TITLE 
CASCADE: Monte Carlo Simulation of the Transport of High Energy Electrons and Photons in 

Matter. 

2. CONTRIBUTOR 
ERDA Health and Safety Laboratory, New York, N.Y. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
The transport of an electron-photon cascade in a homogeneous medium is calculated to compute 

differential (lux densities with separate scoring of positrons and electrons. Allowance is taken for the 
density on the stopping power and for annihilation in flight. Output also includes energy deposited between 
consecutive boundaries. The usual low energy cutoffs are 0.1 MeV and 2 MeV for photons and electrons 
respectively. 

5. METHOD OF SOLUTION 
The Monte Carlo method is used incorporating statistical estimation. Changes in direction arc 

assumed to be caused only by Compton scattering, and only longitudinal development of the showers are 
treated. Electrons are allowed to undergo bremsstrahlung and collision interactions. Photons undergo pair 
production, photoelectric absorption, and Compton scattering. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
Running time depends strongly on input energy, slab depth, number of energy and spatial groups 

scored. Approximately 1/3 sec per history for 10 GeV input, 6 energy bins, 25 spatial bins (CDC 6600). 

8. COMPUTER HARDWARE REQUIREMENTS 
The code is operable on the CDC 6600 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV Compiler is required. 

10. REFERENCE 
Harold L. Beck, A Monte Carlo Simulation of the Transport of High Energy Electrons and Photons in 

Matter. HASL-2I3 (October 1969). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source deck and 

sample problem written iri BCD/EBCDIC card images; total records 662. 

12. DATE OF ABSTRACT 
June 1972; updated April 1975. 

KEYWORDS: ELECTRON; GAMMA-RAY; MONTE CARLO; ELECTROMAGNETIC; CASCADE 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
DOPEX: Laminated Shield Weight Optimization Code—Steepest Descent Calculational Method. 

2. CONTRIBUTOR 
NASA Lewis Research Center. Cleveland, Ohio. 

3. CODING LANGUAGE AND COMPUTER 
DOPEX is written in ANSI Standard FORTRAN IV and has been run on 

series computers. A UNI VAC 1108 Version (CCC-177B) is also available. RSIC 
an IBM 360/91 (CCC-177A). 

4. NATURE OF PROBLEM SOLVED 
Given an initial set of shield layer thicknesses and parameters defining the relationship between 

radiation dose and layer thicknesses, DOPEX seeks a minimum weight by altering layer thicknesses j f a 
radiation shield with two- or three-dose rate constraints. Right circular cylindrical geometry is presently 
coded in DOPEX; a user-written subroutine WEIGHT would be required if a different geometry is 
required. 

5. METHOD OF SOLUTION 
The method of steepest descent utilized by OPEX and rein erpreted in the OPEX-II code for 

one-dimensional, one-constraint optimization problems has been extended to the multi-constraint, 
multidimensional problem and coded into DOPEX. Given an initial conftguraiion and an empirical 
dose-thickness relationship, DOPEX uses the- method of steepest descent to alter shield layer thicknesses to 
obtain a minimum weight while simultaneously satisfying dose rate constraints. 

6. RESTRICTIONS OR LIMITATIONS 
A. One-dose constraint and spherical geometry, 
B. Two-dose constraints and right circular cylindrical geometry, 
C. Three-dose constraints and right circular cylindrical geometry. 
A maximum of 25 shield layers and 25 dose rate components are allowed, but these limits could be 

increased by expanding the dimensions of appropriate variables in the DOPEX code. 

7. TYPICAL RUNNING TIME 
DOPEX required less than 0.1 minute on the IBM 7094 to execute the sample problem, a seven-layer 

shield with three dose rate constraints, each with 12 dose rate components. RSIC noted 2 seconds running 
lime for the sample problem run on the IBM 360/91. 

8. COMPUTER HARDWARE REQUIREMENTS 
IBM 360, standard I-O. 62K core. 

9. COMPUTER SOFTWARE REQUIREMENTS 
IBM 360/75/91 operating system with FORTRAN H compiler and standard I-O. 

10. REFERENCES 
a. Packaged: 

Gerald p. Lahti, The DOPEX Code—An Application of the Method of Steepest Descent to 
Laminated-Shield-Weight Optimization with Several Constraints. NASA T M X-2554 (April 1972). 

Gerald P. Lahti, Application of the Method of Steepest Descent to Laminated Shield Weight 
Optimization with Several Constraints—Theory, NASA T M X-2435 (November 1971). 

IBM OS 360 and TSS 360 
ran the sample problem on 
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b. Background information: 
(1) R. L. Bernick, Application of the Method of Steepest Descent to iMtninated Shield HVr.ij/f/ 

Optimi-.athm, NAA-SR-Memo'-8l8l (April 1963), 
(2) R. L. Bcrnick. The OPEX Shield Optimization Code, NAA-SR-Mcmo-11516 (July 1965). 
(3) Gerald IV Uihti. OPEX-II, A Radiation Shield Optimization Code, NASA TM X-1769 (March 

1969). 

11. CONTENTS OF CODE PACKAGE 
Included arc the referenced document and a reel of magnetic tape which contains source deck ana 

sample problem input written in BCD/EBCDIC card images plus sample problem output written in lisi 
format: total records 1076 (A), 1084 (B). 

12. DATE OF ABSTRACT 
December 1974; updated May 1975. 

KEYWORDS: OPTIMIZATION; TWO-DIMENSION 
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1. NAME AND TITLE 
HE'l'C: Monte Carlo High-Energy Nuclcon-Mcson Transport Codc. 

AUXILIARY ROUTINES 
COPY: Utility routine. 
PUNCROSS: Cross Scction Handling Code. 
HET: Nucleon-Mcson Transport Code. 
N'MTA:'Data Processing Code. 
EIIET: Edit Code. 
XSECT: Cross Scction Data Generator. 
05R: Modified Monte Carlo Code (CCC-17). 
05RA: 05R Sample Problem Analysis Code. 

HI-PC is basically an extension of CCC-I61/NMTC. 

2. CONTRIBUTOR 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
HETC is a Monte Carlo transport code for computing the properties of high-energy nucleon-meson 

cascades in matter. It is basically an extension of the code NMTC (valid for energies Si 3 CicV) to allow 
particle transport up to several hundred GeV. 

The source particle description is specified in a user-written subroutine and may be arbitrarily 
distributed in energy, direction, and spacc. Proton, neutron, rr\ and n~ sources are allowed. 

Although the maximum allowable source-particle energies are not well defined, HETC has been run 
successfully for energies up to I TcV. However, because of the lack of experimental data at very high 
energies, comparison of HETC results with experimental data have been made only for energies < 30 GeV. 

The code stores on magnetic tape a complete description of each "event" (nuclear interaction, geometry 
boundary crossing, pion decay, etc.) that occurs during the transport process. This information is then read 
and processed by user-written analysis programs to obtain results for a particular problem. 

Differential cross sections for nucleon-nucleus and pion-nuclcus nonelastic collisions arc not required as 
input since they are. in cffcct. computed in the course of the transport calculation using the intranuclcar-
cascade-extrapolation-evaporation model. 

Since HET provides a complete description of the low energy 15 MeV) neutron production. HET 
may be readily coupled with codes other than 05R (e.g., ANISN (CCC-2S4), DOT (CCC-209). MORSE 
(CCC-203)) to obtain the low energy neutron transport. 

5. METHOD OF SOLUTION 
HETC consists of two basic transport codes: HET and a modified version of 05R. HET transport 

particles in the energy range from the sourcc-particle energy down to a specified energy cutotf, which is 
commonly taken to be 15 MeV for protons and neutrons. 2 MeV for charged pions. and 0.2 MeV for muons. 
Neutrons produced in HET below the cutoff energy arc transported via the 05R codc. 

The description of nonclastic-collision products in HET is obtained using an 
intranuclear-cascadc-cxtrapolation-evaporation model. At each nonelastic collision a calculation is 
performed using subprogram versions of Bcrtini and Guthrie's latest intranuclear-casca 'c program (Nucl. 
Phys. A 169,670 (1971)) and Guthrie's evaporation program (ORN1.-TM-3II9) to determine the energy and 
direction of emitted caseade nucleons and pions and evaporated nuclcons, deutcrons, tritons. 
(ORNL-TM-3667) HE's. and alpha panicles and the mass, charge the recoil energy of the residual nucleus. 
For nonelastic collisions GS 3 GcV. these intranuclear- cascadc-cvaporation results arc used directly: for 
nonelastic collisions ^ GcV, the results from an intranuclcar-cascade-evaporation calculation at ~ 3 GeV arc 
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scaled to the proper energy using the' extrapolation method of Gabriel, Alsmiller. Jr., and Guthrie. 
Nonclastic collisions with hydrogen nuclei arc treated using experimental data and the calculation method of 
Gabriel, Santoro. and Barish (ORNL-TM-3615). Nonclastic collisions in 05R are treated using the 
evaporation model in conjunction with experimental cross sections. Experimental data arc used for 
elastic-collision cross sections, 

Charged-pion and muon decay in flight and at rest arc taken into account using known lifetimes. 

6. RESTRICTIONS OR LIMITATIONS 
Present dimensions restrict the number of different media to IS or less and the number of types of 

nuclei per medium to 11 or less. Virtually arbitrary geometries may be specified. 

7. TYPICAL RUNNING TIME 
Running time is extremely problem dependent. A sample problem included with the code 

documentation required ~ 10 min on the IBM 360/91 and ~ 3 times longer on the IBM 360/75. 

8. COMPUTER HARDWARE REQUIREMENTS 
Approximately 1000K bytes of memory and 4 peripheral storage devices are required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
HETC requires a FORTRAN H compiler. 

10. REFERENCES 
K. C. Chandler and T. W. Armstrong, Operating Instructions for the High-Energy Nucleon-Meson 

Transport Code HETC. ORNL-4744 (January 1972). 
W. A. Coleman and T. W. Armstrong, The Nucleon-Meson Transport Codc NMTC, ORNL-4606 

(October 1970>. 
T. W. Armstrong and K. C. Chandler, NMTA—Analysis Subroutines for the Nucleon-Meson 

Transport Code NMTC. ORNL-4736 (November 1971). 
D. C. Irving, R. M. Freestone, Jr., and F. B. K. ICam. OSR, A General-Purpose Monte Carlo 

Transport Code. ORNL-3622 (February 1965). 
D. C. Irving, W. E. Kinney, and Pat Rea, LEGENDRE. A Program to Calculate Legendre 

Coefficients from Angular Distributions. ORNL-TM-J241 (November 1965). 
D. C. Irving, V. R, Cain, and R. M. Freestone, An Amplification of Selected Portions of the 05R 

Monte Carlo Code User's Manual. ORNL-TM-2601 (May 1969). 
T. VV. Armstrong, R. G. Alsmiller, Jr.. K. C. Chandler, and B. L. Bishop, Mottle Carlo Calculations 

of High-Energy Nucleon-Meson Cascades and Comparison with Experiment, ORNL-TM-3667 (January 
1972). 

James B. Langworthy, An Organizational Description of High Energy Transport Code (HETC). NRL 
Memorandum Report 2729 (June 1974). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains source decks, 

random number generators, input data written in BCD/EBCDIC card images, plus output in list format: 
total records 62,533 (A), 5486 (B). 

12. DATE OF ABSTRACT 
December 1974; updated May 1975. 

KEYWORDS: MONTE CARLO; NUCLEON; NEUTRON; PROTON; MESON; 
COMPLEX GEOMETRY 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
ATR II: Models of Radiation Transport in Air. 

This is the second of a series of models of radiation transport in air. A third model is now in process. 

2. CONTRIBUTOR 
Science Applications, Inc., La Jolla, California, 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360, UNIVAC 1108. 

4. NATURE OF PROBLEM SOLVED 
ATR is a user-oriented code for calculating quickly and simply radiation environment problems at all 

altitudes in the atmosphere. The code is based on parametric models of a comprehensive data base of air 
transport results which were generated using discrete ordinates transport techniques for infinite 
homogeneous air. The effects of air-ground interface and non-uniform air density are treated as 
perturbation corrections on homogeneous air results. ATR includes parametric models for neutrons and 
secondary gamma rays as a function of space, energy and source-target angle out to angles of 550 g/cm: of 
air. 

ATR contains parametcrizations of infinite medium air transport of neutrons and secondary gamma 
rays and correction factors for the air-ground interface and high altitude exponential air. It responds to a 
series of user-oriented commands which specify the source, geometry and print options to output a variety 
of useful air transport information, including energy-angle dependent fluence, dose, current, and isodose 
ranges. 

5. METHOD OF SOLUTION 
The method of solution to the parameterization is least squares fitting to the data base using several 

appropriate functional forms. The original transport data base containing about 2-1/4 million numbers was 
reduced through parameterization to 5000 coefficients in ATR. The code also includes perturbation 
corrections on the homogeneous air results to account for the effects of air-ground interface and 
non-uniform air density. 

6. RESTRICTIONS OR LIMITATIONS 
ATR takes approximately 36,000 decimal words of storage. This can be lessened by overlaying 

different parts of the code. 

7. TYPICAL RUNNING TIME 
Typical running time on the UNIVAC 1108 is on the order of seconds where a problem is defined as a 

typical tesponse calculation starting with the specification of an energy dependent source and complete 
source-target geometry configuration. The sample problem ran 2 minutes on the IBM 360/91. 

8. COMPUTER HARDWARE REQUIREMENTS 
ATR is fully self contained and machine independent. It requires 32K. decimal storage on the UNIVAC 

1108. It requires no auxiliary storage and uses standard channel configuration. 

9. COMPUTER SOFTWARE REQUIREMENTS 
All routines are in FORTRAN IV and independent of machine. No special operating system or 

machine dependent routines are required. 

10. REFERENCES 
R. J. Harris, Jr., J. A. Lonergan, and L. Huszar, Models of Radiation Transport in Air—the ATR 

Code, DNA 28031, SAI-71-557-LJ (May 1972). 
Louis Huszar, Lonnie J. Nesseler, and William A. Woolson, User's Guide to Version 2 of ATR (Air 

Transport of Radiation, DNA 3I44Z, SA1-73-534-U (April 1973). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and inugnetic tape containing ATR source and sample problem 

written in BCD/EBCDIC card images, plus output written in list format; total records 8253. 

12. DATE OF ABSTRACT 
June 1972; updated May 1975. 

KEYWORDS: NEUTRON; GAMMA-RAY; PARAMETRIC MODELS; AIR; INFINITE MEDIUM 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
I DA: A Time-Dependent. Multigroup, One-Dimensional, Discrete Ordinates Transport Code. 

I DA is a version of the one-dimensional discrete ordinate's code, ANISN (CCC-254), with the 
time-dependent behavior of the particles of interest included in the difference equations. Delayed neutron 
and other time-dependent effects (such as changes in temperature, composition, etc.) are not accounted for 
in the present-version of the code, t he time dependence included in the code is due entirely to what might 
be termed "time streaming" or the velocity of the particles. 

2. CONTRIBUTORS 
l.os Alamos Scientific Laboratory. Los Alamos, New Mexico and Oak Ridge National Laboratory, 

Oak Ridge, Tennessee. 
The three referenced document numbers (for the same report) indicate the "joint effort" in creating this 

code. The code was originally written at ORNL for the IBM machine and was subsequently partially 
rewritten and adapted to the CDC 6600 at Sandia Laboratories. TDA has been tested extensively at Sandia 
Laboratories and LASL, as well as at the Naval Weapons Evaluation Facility (NWEF) in Albuquerque. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV: CDC 6600. IBM 360. 

4. NATURE OF PROBLEM SOLVED 
TDA is a time-dependent discrete ordinates radiation transport computer code. The results of 

application of the code can be applied to several nonphysical problems having approximate analytical 
solutions and to the real problem of a neutron-pulsed subcritical :"Pu sphere. In the latter problem, 
neutron and photon leakage rates are presented as functions of energy and time. The neutronic response 
time of this pure metal system is 10 to 20 nsec. The TDA code performs well, with the discrete limitation, 
provided that care is taken to assure proper convergence of the S„ iteration scheme. 

5. METHOD OF SOLUTION 
The code handles time-dependent coupled neutron-gamma transport problems. It can also evaluate 

flux and neutron induced gamma with subsequent transport of gammas in air from a nuclear explosion. 
Here the source can have a neutron as well as a gamma component. One possibility is 42-group 
(30-ncutron, 12-gamma) cross section sets. These cross section sets were generated by H, A. Sandmeier at 
LASL and are available for most elements. The processing of the dependent data is very involved and time 
consuming without automated output processing codes and plotting routines. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
The sample problem ran on the IBM 360/75 for 4 1/2 minutes. 

8. COMPUTER HARDWARE REQUIREMENTS 
TDA requires a standard IBM 360/91 computer with maximum of 6 tapes or direct access devices. The 

GO step requires 200K bytes of storage. 

9. COMPUTER SOFTWARE REQUIREMENTS 
An IBM 360/91 operating system with FORTRAN H compiler is required. 
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10. REFERENCES 
S, A, D up rue, H. A. Sandmeicr, G. E. Hansen, W, W, Englc, Jr., F. R. Mynutt, Time-Dependent 

Seutron and Photon Transport Calculations Using the Method of Discrete Ordinaies, LA-4557 
(ORNL-4662) (SAI 70-125) May 1971. 

N. M, Greene. J. L„ Lucius. .1. E, White, R. Q. Wright, C. W. Craven, Jr„ and M. L. Tobias, 
...APPENDIX A—Description of FIDO Input Format, excerpted from ORNL-TM-3646 (April 1972). 

11. CONTENTS OF CODE PACKAGE 
Included arc the referenced documents and a reel of magnetic tape which contains JCL, source codes 

and sample data written in BCD/ EBCDIC card images, plus sample output written in list format: total 
records 3295 (A), 3388 (B). 

12. DATE OF ABSTRACT 
June 1972; updated May 1975, 

KEYWORDS: NEUTRON; GAMMA-RAY; DISCRETE ORDINATES; MULTIGROUP; 
TIME-DEPENDENT; SLAB; ONE-DIMENSION 



181.1 

RSIC CODE PACKAGE CCC-171 

1. NAME A N D TITLE 
DEMON: Demonstration Monte Carlo Codc in Slab Geometry. 

AUXILIARY ROUTINE 
M1RAN: FORTRAN machinc-indcpcndcnt random number generator. 

2. CONTRIBUTORS 
Radiation Research Associates, Ft. Worth, Texas; Nuclear Science Center, Louisiana State University. 

Baton Rouge, Louisiana; and ORNL, 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
DEMON is a neutron transport code for slab geometry and was designed to be a simple demonstration 

for the novice in Monte Carlo. The neutron source is a monoenergetic, or fission spectrum, cosine current 
on the face of the homogeneous slab. Only capture and isotropic (center of mass) scattering are allowed. 
The cross section data are input. The sample problems provide cross sections for water, boric acid solution, 
sodium, and other materials. Leakage energy-angular distributions and absorption information are 
tabulated. 

5. METHOD OF SOLUTION 
The Monte Carlo method is used to trace case histories. No variance reduction scheme is employed. 

The FORTRAN random number generator is essentially machine independent; only a constant must be 
changed to use on a machine other than the IBM 360. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
Most of the sample problems (10000 histories) can be run in 30 seconds (IBM 360/91). 

8. COMPUTER HARDWARE REQUIREMENTS 
DEMON was designed for an IBM-360 computer but is essentially machine independent. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
a. Packaged: 

W. E. Selph, J. D. Marshall, and N. M. Schaeffer, Demonstration Monte Carlo Program, 
RRA-N7I22A (June 15, 1972). 

E. J. McGrath and D. C. Irving, "MIRAN—A Machine-Independent Package for Generating 
Uniform Random Numbers," Techniques for Efficient Monte Carlo Simulation Vol. HI, Appendix B. 
Random Number Generation for Selected Probability Distributions, ORNL-RS1C-38 Vol. II 
(SAI-72-590-LJ) (1975). 

b. Background information: 
N. M. Schaeffer, Editor, Reactor Shielding for Nuclear Engineers, Appendix J and pp. 251-254. 

TID-2595I (1973). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes, 

control cards for test case, and input for sample problems written in BCD/EBCDIC card images plus 
sample problem output written in list format; total records 2192. 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: NEUTRON; MONTE CARLO: SLAB 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
CDR: A Constant Dose Range Code, Using the LASL-NWEF Neutron-Gamma Air Flux Tape. 

CDR was developed from the DOSE and SLANT computer programs which are reported by S. A. 
Dupree in NWEF Report 1040 and NWEF Report 1044. 

AUXILIARY ROUTINE 
TRANS: Formatted Air Flux Data to Binary Converter. 

2. CONTRIBUTORS 
Naval Weapons Evaluation Facility, Kirtland Air Force Base, New Mexico. 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; CDC 6600 and IBM 360/75/91. 

4. NATURE OF PROBLEM SOLVED 
CDR is designed to calculate ranges of constant dose from a point source of radiation in the 

atmosphere. It scales the results of transport calculations in uniform, sea-level air. CDR combines all the 
capabilities of earlier versions and is designed to use as input the LASL-NWEF air flux tape or the flux 
dump from a coupled neutron-gamma-ray transport calculation from a computer program such as DTF-IV 
(CCC-42). The air flux data consists of complete transport calculations in uniform, sea-level air for one 
source neutron in each of 30 energy groups and one source photon in each of 12 energy groups. The program 
uses the air flux tape to produce ranges of constant dose from a point source in the atmosphere. 

5. METHOD OF SOLUTION 
The LASL-NWEF air flux tape contains complete transport calculations for one source neutron in each 

of 42 energy groups and one source photon in each of 12 energy groups. CDR folds the user's source 
spectrum with the air flux data to determine the resulting flux by group and space point to a distance of 5 
kilometers in uniform, sea-level air. The appropriate dose conversion factors are applied to this data and the 
results scaled to provide ranges of constant dose in the atmosphere. The codc is designed for user 
convenience and makes extensive use of free form input. 

6. RESTRICTIONS OR LIMITATIONS 
Because uniform air results are used in CDR, the results may be in significant error near the air-ground 

interface or at high altitudes where scaling is performed over more than one atmospheric scale height. 

7. TYPICAL RUNNING TIME 
Ignoring compile time and the time required to read the air flux tape, the calculations require 

approximately 0.2 seconds of CPU (CDC 6600) time per constant dose contour. RSIC recorded one minute 
running time for the sample problem on the IBM 360/75. 

8. COMPUTER HARDWARE REQUIREMENTS 
CDR requires approximately 110.000 (octal) central core. It requires the air flux tape in binary form 

and all output is to a line printer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
CDR requires a FORTRAN H compiler. 

10. REFERENCE 
J. E. Campbell and H. A. Sandmeier, Air Transport Calculations Using the LASL-NWEF Air Flux 

Tape and the NWEF Computer Program—CDR, NWEF 1090 (April 1972). 
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11. CONTENTS OF CODE PACKAGE 
Included arc the referenced document and a reel of magnetic tape which contains control cards, source 

codes, sample problem input, and air flux data written in BCD/EBCDIC card images, plus sample problem 
output written in list format; total records 1101 (A). 4328 (B); Air Rux data 67,074 records. 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: NEL TRON; GAMMA-RAY: PARAMETRIC MODELS; 
RADIATION ENVIRONMENT; AIR 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
ESDORA: Fission Product Inventory and Gamma-Ray Dose Rate from a Radioactive Cloud System. 

2. CONTRIBUTOR 
Junta De Energia Nuclear, Madrid, Spain. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; UNIVAC 1108. 

4. NATURE OF PROBLEM SOLVED 
ESDORA is useful to assess abnormal reactor behavior in hazards evaluations, reactor siting and 

desipn of engineered safeguards. The method consists of four major parts which cover the following points: 
fission product inventory, escape from the reactor containment, atmospheric diffusion and radiation doses. 

5. METHOD OF SOLUTION 
ESDORA determines the fission product inventory as a function of reactor power, fuel irradiation, 

and cooling time. It analyzes the fission product behavior within the containment system when released 
from the core as a result of an accident. Finally, the method calculates the atmospheric diffusion of the 
escaping nuclides under a variety of atmospheric conditions. External and inhalation doses to individuals 
within the radioactive plume may be assessed at different distances downwind from the reactor. 

The method has been used to evaluate the hazards caused by different types of reactor accidents such 
as reactivity accidents, loss-of-coolant accidents, reactor fires, and fuel-handling accidents. 

Different types of containment systems are considered in the analysis. The systems analyzed include 
negative pressure containment, double containment, and high-pressure and pressure-suppression 
containment systems. 

The effect of engineered safeguards such as building sprays, filters, condensation pools, etc., can be 
taken into account. Each nuclide can be considered individually as the cleaning rates, condensation ratios, 
deposition velocities, etc.. are nuclide dependent. 

The results are given in terms of the amounts of the most important nuclides retained within the 
containment barriers or by the engineered safeguards. The most relevant health hazards produced outside 
the containment system are also given for the accidents analyzed. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
No study of typical running time has been made by RSIC. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code was designed for the UNIVAC 1108 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
F. Diaz de la Cruz, Esdora, Computer Program for an Estimate of the Radiation Dose in the 

Evaluation of Risks for Nuclear Power Plants and Radioactive Facilities. Internal Report SS/01/71 
(ORNL-tr-2628) (March 1971). 

A. Alonso, NUBE—A Digital Code to Evaluate the Hazards of Different Types of Reactor Accidents, 
CONF-650407, Volume 2 (April 1965). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a magnetic tape containing a library of data, source code 

and sample problem input written in BCD/ EBCDIC card images plus sample problem output written in list 
format; total records 6097. 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: FISSION PRODUCT INVENTORY; AIRBORNE; REACTOR ACCIDENT; 
GAMMA-RAY 
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RSIC CODE PACKAGE CCC-I84 

1. NAME AND TITLE 
TASK: Generalized One-Dimensional Radiation Transport and Diffusion Kinetics Code. 

AUXILIARY ROUTINES 
AC PSD: Detector Response, and Cross-Power (CPSD) and Auto-Power (APSD), Spectral Density 

Data Generator, 
FITSPIiC: Spectral Fitting Routine. 

2. CONTRIBUTOR 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
TASK solves the one-dimensional raultigroup form of the reactor kinetics equations using either 

transport or diffusion theory allowing an arbitrary number of delayed neutron groups. TASK can also be 
used to efficiently solve standard statics problems such as eigenvalue problems, distributed source problems, 
and boundary source problems. 

5. METHOD OF SOLUTION 
TASK employs a combination scattering and transfer matrix method in order to eliminate certain 

difficulties which arise in classical finite difference approximations. Within-group (inner) iterations are 
eliminated and solution convergence is independent of spatial mesh size. Convergence problems associated 
with sources in highly multiplicative media are circumvented and such problems are readily calculable. The 
time variable is removed by Laplace transformation. The code can be run either in an outer iteration mode 
or in closed (non-iterative) form. The running mode is dictated by the number of groups times the number of 
angles consistent with available storage. 

ACPSD reads a TASK flux tape and computes an arbitrary number of detector responses at selected 
points in the system and produces both the cross and auto power spectra for any combination of detector 
pairs or single detectors. F1TSPEC fits the point reactor model to the real part of the CPSD and to the 
APSD spectra generated by ACPSD. 

6. RESTRICTIONS OR LiMITATIONS 
Principal restrictions are available storage and computation time. The code is flexibly dimensioned and 

has an outer iteration option which means that there are no internal restrictions on group structure, 
quadrature, and number of ordinates. The generalized cylindrical geometry option is not complete in this 
version of the code. The feedback options and omega-mode search options are not included in this version of 
the code. 

7. TYPICAL RUNNING TIME 
A typical 13-region, 5-group Sj fast reactor static distributed source problem required approximately 

1/2 min on the IBM 360/91, whereas the entire kinetic response can be computed in 8 to 10 minutes. A 
16-group, Sm static 125-cm iron slab shielding problem with a boundary source required about 4 minutes 
computation time. 

8. COMPUTER HARDWARE REQUIREMENTS 
TASK requires I54K of storage plus data block storage to execute on the IBM 360/91. One tape is 

required if fluxes are needed for later analysis. 

9. COMPUTER SOFTWARE REQUIREMENTS 
The code is operable on the IBM 360 Operating System using standard FORTRAN IV compiler. 



184.2 

10. REFERENCES 
a. Packaged: 

A. R. Buhl, H. L. Dodds, Jr., J. C. Robinson, R. A. Lillic, O. W. Hermann, and R. J. Hinton, A 
User's Manual far TASK—A Generalized One-Dimensional Transport and Diffusion Kinetics Code, 
ORNL-TM-3811, (December 1972). 

b. Background information: 
(1) H, L. Dodds, Jr., J. C. Robinson, and A. R. Buhl, "The Formulation and Application of the 

Transfer-Scattering Matrix Method to Space-, Energy-, and Angular-Dependent Fast Reactor 
Kinetics," Nucl. Sci. Eng., 47. 262 (1972). 

(2) H. L. Dodds, Jr., A New Calculational Method for Space-Energy-Angular-Dependent Reactor 
Kinetics, ORNL-TM-3136, Oak Ridge National Laboratory (1971). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains source programs and 

sample problem input written in BCD/EBCDIC card images, an ORNL Systems Subroutine in Assembler 
language amd sample problem output written in list format; total records 16,364. 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: NEUTRON; DISCRETE ORDINATES; ONE-DIMENSION; TIME-DEPENDENT: 
DIFFUSION THEORY 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
1NREM/EXREM: Beta and Gamma Radiation Environmental Dose Codes. 

2. CONTRIBUTORS 
Computing Technology Center, Environmental Sciences and Neutron Physics Divisions, Oak Ridge 

National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV and Assembler Language; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
EXREM estimates the dose equivalent rate and the total dose equivalent from electron, beta, and 

gamma radiation resulting from submersion in contaminated water, submersion in contaminated air, and 
exposure to a contaminated surface. EXREM gives estimates for daughters as well as specified radionuclides 
since it considers contributions from nuclide chains. 

Since there can be more than one environmental release, and exposure can begin at any time after the 
first release, INREM was developed to estimate the cumulative dose equivalent to body organs resulting 
from a continuous intake. The organ parameters are dependent on the age of the individual, and the intake is 
a function of time after release and the individual's age. 

Although the codes were originally written to estimate doses to populations from construction of a 
sea-level canal, they may be useful in other dose-estimation studies involving releases of radioactive materials 
to the environment. 

5. METHOD OF SOLUTION 
Evaluation of the radiation hazard to a population living in an environment contaminated with 

radioactive material requires estimates of the total dose equivalents received by individuals of ail ages. The 
total dose has two components. One component results from radionuclides outside the body (external 
exposure), and the other one results from radionuclides deposited within the body (internal exposure). 
Individuals making up a population under consideration for dose estimation may be described by parameters 
which are either age independent or age dependent. 

The generalized models and the mathematical techniques required to program the models for several 
types of problems are presented in the referenced document as are the computer solutions for the equations, 
the assumptions used by the code, the logical flow of the program, the definition of the program variables, 
and the input format. INREM calculates the total cumulative dose at a specified time in various organs of 
standard man or an individual of a specified age at the time of the first intake via either inhalation or 
ingestion of radionuclides which continues over a specified time interval. 

EXREM I I I estimates the dose equivalent rate and the total dose equivalent from electron, beta, and 
gamma radiation resulting from submersion in contaminated water, submersion in contaminated air, and 
exposure to a contaminated surface. There can be more than one environmental release, and exposure can 
begin at any time after the first release. EXREM I I I considers contributions from environmental releases and 
from nuclide chains. For a particular problem the user may choose to calculate either the dose rates, or the 
total doses, or both for any of the three modes of exposure. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
INREM and EXREM I I I each ran approximately 30 seconds on the 360/91. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code was designed to run on a standard IBM 360. INREM uses 366K bytes of storage. EXREM II 

uses 358K bytes. 
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9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler and an assembler are required. 

10. REFERENCES 
D. K. Trubey and S. V. Kaye, The EXREM III Computer Code for Estimating External Radiation 

Doses to Populations from Environmental Releases, ORNL-TM-4322 (December 1973). 
G. G. Killough, P. S. Rohwer and W. D. Turner, INREM—A FORTRAN Code Which Implements 

ICRP 2 Models of Internal Radiation Dose to Man, ORNL-5003 (February 1975). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape containing source programs and 

sample problem input and output; total records 8840. 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: ENVIRONMENTAL DOSE; G A M M A RAY; BETA RAY; NUCLEAR EXPLOSIVES 
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RSIC CODE PACKAGE CCC-171 

1. NAME A N D TITLE 
FSCATT: Discrete Ordinates Gamma-Ray Transport Codc in Plane Geometry. 

FSCATT was preceded by the FHUFF codc which treated photoelectric absorption and forward 
fluorescence. 

2. CONTRIBUTOR 
Systems, Science and Software, La Jolla, California. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; UN1VAC 1108, 

4. NATURE OF PROBLEM SOLVED 
FSCATT calculates the spatial distribution of gamma-ray energy absorbed in a multilayered target for 

an arbitrary incident x-ray spectrum at an arbitrary angle. In addition, the transmitted spectrum at the rear 
of the target is calculated as a function of energy and angle. 

K.-shell fluorescence is treated as an isotropic source in each cell of the mesh. Compton scattering is 
modeled using the Klein-Nishina collision cross section to calculate the scattering source distribution. 

FHUFF is used extensively to design and analyze x-ray shields. In FSCATT, both forward and 
backward fluorescence as well as Compton scattering are treated in plane geometry. 

5. METHOD OF SOLUTION 
FSCATT is a discrete ordinates energy deposition and transport code which accounts for photoelectric 

absorption, fluorescence, and Compton scattering in slab geometry. The code allows multilayer calculations 
with each layer consisting of a mixture of elements. The option to include test materials and/or calculate 
the deposition in heterogeneous materials is provided. The intensity and distribution of the radiation field is 
computed in terms of finite angular and energy groups in each cell of the mesh. 

FSCATT is a numerical treatment of photoelectric absorption, scattering, and fluorescence in plane 
geometry. 

6. RESTRICTIONS OR LIMITATIONS 
Provisions for the use of 80 energy groups to resolve the scattered and fluorescent radiation are 

included in the code. Additional resolution can be obtained at the expense of core storage. 
There is no numerical limit on the upper photon energy which can be transported by FSCATT, but 

since pair production is not treated, the accuracy of the solution becomes questionable above I MeV. 

7. TYPICAL RUNNING TIME 
Calculations using 100 energy groups to resolve the incident spectrum, 20 energy groups, and 6 angular 

groups to resolve the scattered and fluorescence radiation, and SO cells on the mesh requires less than 1 
minute of computer time on a UNIVAC 1108. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code is configured to operate on a UNIVAC 1108 with at least one tape drive and access to 

high-speed drum storage of 200,000 words. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
R. H. Fisher and R. A. Kruger, A Numerical Treatment of Scattering and Fluorescence in Plane 

Geometry, DASA 2418 (May 1971). 
R. H. Fisher and J. W. Wiehe, A User's Guide to the FSCATT Code. DASA 2618 (November 1970). 
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U. CONTENTS OF CODE PACKAGE 
Included arc the referenced documents and a reel or magnetic tape which contains source program and 

sample problem data written in EBCDIC card images; total records 3838, 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: DISCRETE ORD1NATES; GAMMA-RAY; SLAB; ONE-DIMENSION; 
MULTIGROUP 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
SAM-CE: Monte Carlo Time-Dependent Complex Geometry (CombinatorialN Code System for the 

Solution of the Forward Neutron and Forward and Adjoint Gamma-Ray Transport 
Equations. 

AUXILIARY ROUTINES 
BCDEAN: Data Generator. 
SAMX: Data Generator. 

Libraries of Data for use in SAM-CF. must be requested separately. They are available in RSIC as 
DLC-31/(DPL-400/GETDl), /(DPL-401/NEDT), and /(DPL-402/GPDT1). 

SAM-CE (Revision B) in this package follows a series of Monte Carlo codes, beginning with ADONIS 
and evolving through an UNC-SAM series at United Nuclear Corporation and continuing in the SAM series 
at MAGI. The Combinatorial Geometry technique, currently in wide usage, originated at MAGI and was 
incorporated in the SAM series. Through the years, users of the code series have contributed to their 
understanding and use. This package represents the last frozen version placed in RSIC. 

2. CONTRIBUTOR 
Mathematical Applications Gioup, Inc., Elmsford, New York. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV and Assembler Language; IBM 360 (A) and CDC 6600 (B). 

4. NATURE OF PROBLEM SOLVED 
SAM-CE is designed to solve time-dependent neutron and gamma-ray transport equations in complex 

three-dimensional geometries and is applicable for forward neutron calculations and for forward as well as 
adjoint primary gamma-ray calculations. In addition, SAM-CE is applicable for the gamma-ray stage of the 
coupled neutron-secondaty gamma-ray problem, which also may be solved in either the forward or the 
adjoint mode. 

Time-dependent fluxes, and flux functionals such as dose, heating, count rates, etc., are calculated as 
functions of energy, time and position. Multiple scoring regions are permitted and these may be either finite 
volume regions or point detectors or both. Other scores of interest, e.g., collision and absorption densities 
are also made. 

5. METHOD OF SOLUTION 
A special feature of SAM-CE is its use of the Combinatorial Geometry technique which affords the user 

a variety of geometric capabilities. 
All nuclear interaction cross section data (derived from the ENDF for neutrons and from the 

UNC-format library for gamma rays) are tabulated in point energy meshes. The energy meshes for neutrons 
are internally derived, based on built-in convergence criteria and user-supplied tolerances. Tabulated neutron 
data for each distinct nuclide are in unique and appropriate energy meshes. Both resolved and unresolved 
resonance parameters from ENDF data files are treated automatically and extremely precise and detailed 
descriptions of cross section behavior is permitted. Such treatment avoids the ambiguities usually associated 
with multi-group codes which use flux-averaged cross sections based on assumed flux distributions which 
may or may not be appropriate. 

By use of the "band" feature of the code which splits cross section data into two or more energy ranges 
to be treated one at a time, SAM-CE affords the capability of considering many nuclides in a given 
configuration, each being described in much detail. SAM-CE also provides the user with opportunity to 
employ energy, region and angular importance sampling. 
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6. RESTRICTIONS OR LIMITATIONS 
There are essentially no restrictions for neutron problems, For gamma-ray problems, only Compton 

scattering and absorption are treated, 

7. TYPICAL RUNNING TIME 
Running time is highly problem dependent. The sample problem was run on the IBM 360/91 and 

required 1 to 2 minutes. 

8. COMPUTER HARDWARE REQUIREMENTS 
CCC-187A runs on the IBM 360 computer with standard I / O plus 10 units of storage. The GO step 

uses 246K storage in overlay. Version B runs on the CDC 6600 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler and an assembler are required. A library of ENDF/B cross sections is 

required (Fe cross sections are included in the code package.) A non-standard ICLOCK routine is included 
in the package. 

10. REFERENCES 
Martin O. Cohen, Walter Guber, Eugene Troubetzkoy, Henry Lichtenstcin, Herbert Steinberg, snd 

Meldel Beer, SAM-CE: A Three-Dimensional Monte Carlo Code for the Solution of the Forward Neutron 
and Forward and Adjoint Gamma-Ray Transport Equations—Revision B, DNA-2830F-B (August 1973). 

M. O. Cohen, et al., SAM-CE: A Three-Dimensional Monte Carlo Code for the Solution of the 
Forward Neutron and Forward and Adjoint Gamma-Ray Transport Equations, MR-7021, DNA-2830F 
(November 1971). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape (for each version) which contains 

the source codes and sample problem input written in BCD/ EBCDIC card images, plus output from the 
sample problem written in list format; total records 30133 (A) and 16438 (B). 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: MONTE CARLO; NEUTRON; GAMMA-RAY; COMPLEX GEOMETRY; 
TIME-DEPENDENT; ENDF/B FORMAT 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
MOMENT I: Moments Method Neutron Transport Code. 

2. CONTRIBUTOR 
National Bureau of Standards, Washington, D. C. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; UNIVAC 1108. 

4. NATURE OF PROBLEM SOLVED 
This code calculates spatial moments of the Legendre harmonic coefficients of neutron fluence. Othei 

codes or procedures must be used to construct spatial or angular distributions of fluence for these moments. 

5. METHOD OF SOLUTION 
Each moments equation is an integral equation involving a function <£nt(E) of energy for a particular 

spatial index n and angular index k. The equation is solved by numerical procedures. The source term is 
completely specified for n=0; for n#0, it may be regarded as known if the equations are solved in an 
appropriate succession of increasing n. Gaussian integration is used over part of the scattering integral 
term. 

MOMENT I requires the processing of neutron cross section data from a form such as ENDF/B to a 
form suitable for input to this code. A processing code will be provided but, for the present, the processing 
must be done by the user. Processed data for several elements are included in this package. This code 
produces data similar to the Nuclear Development Associates RENUPAK code. Details of the solution of 
the moments equations differ considerably from those used in RENUPAK. 

6. RESTRICTIONS OR LIMITATIONS 
For the UNIVAC 1108 version of this code, the number of energies for which moments are calculated 

is limited to 400 and the number of (n,k) combinations is limited to 80. Solutions at 600 energies and 130 
(n,k) combinations are said to be possible on the IBM 360/91. The composition of the medium is limited to 
10 elements with a total of ISO partial interactions. 

7. TYPICAL RUNNING TIME 
On the UNIVAC 1108, 76 energies, 76 (n,k) combinations, and 35 integration intervals for each of 2 

partial interactions took 4 minutes and 20 seconds run time. The running time is roughly proportional to 
the number of energies, integration intervals, and types of interactions. It is approximately proportional to 
the square root of the number of (n,k) combinations. 

8. COMPUTER HARDWARE REQUIREMENTS 
The packaged version was run on the UNIVAC 1108 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. A library of cross sections which is required input is included in 

the package. 

10. REFERENCE 
C. M. Eisenhauer, G. L. Simmons, L. V. Spencer, "A Neutron Moments Computer Code, Moment 1," 

NBS Technical Note 725 (May 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code, a 

library of data and sample problem input written in BCD/ EBCDIC card images; total records 8448. 
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12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: NEUTRON; MOMENTS METHOD; INFINITE MEDIUM 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
ADO: Aerojet Discrete Ordinates Calculational System. 

Included within ADO are the One- and Two-Dimensional Codes ANISN, DOTT I I I , FAMORSE; 
with Auxiliary Routines DASH, MONDRIAN, and TAPEMAKER. 

2. CONTRIBUTOR 
Aerojet Nuclear Systems Company, Scaramento, California. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; UN1VAC 1108 (A) AND IBM 360 (B). 

4. NATURE OF PROBLEM SOLVED 
ADO is a radiation analysis computer code collection developed in support of the NERVA nuclear 

rocket program. It includes the discrete ordinates/Monte Carlo coupling capability. 
All of the three-dimensional point kernel and Monte Carlo codes have a common geometry routine 

which allows the user to prepare a single model with options for sophisticated or simple analyses at any 
time after the model is once checked out for errors. 

5. METHOD OF SOLUTION 
Monte Carlo is among the methods employed in the ADO system. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING T I M E 
The time required for ADO to execu:e depends entirely on the problem and the number of ADO 

routines called. 

8. COMPUTER HARDWARE REQUIREMENTS 
ADO requires an IBM 360/91 or a UNIVAC 1108 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
E. A. War man, D. R. Rogers, B. A. Lindsey, Nerva Radiation Analysis Computer Codes Collection, 

Volume III, Sample Problems, Book I, Discrete Ordinates Codes, Engineering Operations Report, 
N8140R:72-0015 (April 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes, 

data libraries, cross sections and sample problem input written in BCD/ EBCDIC card images; total records 
36,329. 

12. DATE OF ABSTRACT 
October 1975. 

KEYWORDS: NEUTRON; GAMMA-RAY; DISCRETE ORDINATES; ONE-DIMENSION; 
TWO-DIMENSION; MULTIGROUP 
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RSIC CODE PACKAGE CCC-190 

1. NAME A N D TITLE 
AKERN: Aerojet Point Kernel Integration Caleulational System. 

2. CONTRIBUTOR 
Aerojet Nuclear Systems Company, Sacramento, California. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; UN1VAC 1108 AND IBM 360. 

4. NATURE OF PROBLEM SOLVED A N D METHOD OF SOLUTION 
AKERN is a collection of the following codes and auxiliary routines: QAD-P5F, GGG-F, 

SCATBLOCK, DIRECT, WANG, POINT KERNEL, DATAFILE, FPIC, GAMSCAT, ACT II. and 
NAP which do point kernel integrations. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
No data on running time has been collected by RSIC. 

8. COMPUTER HARDWARE REQUIREMENTS 
An IBM 360 or UNIVAC 1108 computer is required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
E. A. Warman, D. R. Rogers, and B. A. Lindsey, Nerva Radiation Analysis Computer Codes 

Collection, Volume III, Sample Problems, Book 3, Point Kerne! Codes, Engineering Operations Report 
N8140R:72-00I5 (April 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes, 

input for sample problems, and data libraries written in BCD/EBCDIC card images; total records 19,863. 

12. DATE OF ABSTRACT 
October 1975. 

KEYWORDS: NEUTRON; GAMMA-RAY; KERNEL; COMPLEX GEOMETRY 

I 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
ACOH: Aerojet COHORT Monte Carlo Code System, 

AUXILIARY ROUTINES 
HOl: Monte Carlo History Generator. 
A01: Analysis of HOl Histories for Point Detectors. 
A02: Region/ Volume Detector Analysis. 
A03: Analysis of Uncollided Expectation Flux by Region. 
SOI: Monte Carlo Primary Source Generator. 
S02: Monte Carlo Secondary Gamma-Ray Source Generator. 
UDAP: Data Processor—A02 Output to VORSO Input. 
ADD: Combiner Code—Data Merging for COHORT. 
VORSO: Source Data Generator for Volumes of Revolution. 
CROS2: Neutron Cross Section (ENDF/B) Data Generator. 
SPCT2: Inelastic Neutron Spectrum Probability Tables (ENDF/B) Generator for HOl. 
SCAT2; Differential Elastic Scattering (ENDF/B) Data Generator. 
J01: Multiple Super Group Data Processor. 
C01: Edit Code for Source, History, Leakage, or Sorted Data. 

The original design of the Monte Carlo codes in this package dates back to work done at General 
Dynamics, Fort Worth, Texas in 1962 and development continued in the COHORT series at Radiation 
Research Associates (RRA), Fort Worth, and Brown Engineering (BE), Huntsville, Alabama for NASA 
Marshall Space Flight Center (1964). COHORT was further developed at NASA/Lewis Research Center 
(CCC-198/COHORT-II, 1972) and also'by RRA for Aerojet for ACOH. The BE work resulted in 
CAVEAT (CCC-169). The ENDF format treated is that of late 1971, early 1572. 

2. CONTRIBUTOR 
Radiation Analysis Group, Aerojet Nuclear Systems Company, Sacramento, California. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360 (A) and UNIVAC 1108 (B). 

4. NATURE OF PROBLEM SOLVED 
ACOH is part of an integrated system of codes generalized to be applied to many radiation analysis 

and shielding problems, ranging from simple point source/infinite air scattering to complex 3-dimensional 
Monte Carlo analyses (CCC-189/ADO, CCC-190/AK.ERN). The packages are based on modular 
programming with extensive code coupling with uniform geometry routines (as in CCC-98/FASTER). A 
typical reactor problem can be started as a discrete ordinates analysis, carried through complicated 3-D 
configurations with the exactness afforded by the Monte Carlo technique and involve any combination of 
these two or point kernel analyses at any point in the progression of the solution. 

ACOH is a Monte Carlo code system for the solution of neutron and photon transport problems 
designed to be used in predicting the radiation environment of the NERVA engine, associated space 
vehicles, and test facilities. The modularized approach with coupling, variable dimensioning, and the 
common (FASTER) geometry routines add to ACOH's flexibility for application to a wide range of 
problems. 

5. METHOD OF SOLUTION 
Reliance is placed on the generation of particle history information with specific analysis and 

reanalysis for information of different types during the execution of the problem, as apposed to a "single" 
Monte Carlo calculation. Extensive use is made of tagging routines to preserve specialized information for 
later reuse. Primary data for neutron cross sections are obtained from an evaluated data set such as 
ENDF/ B or from other appropriate sources. The photon cross section data are derived from an evaluation 
made by Lawrence Radiation Laboratory. 
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The modularized approach is evident in the list of auxiliary routines (Item 1) and the title indicating 
the use of each code. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
None noted for the IBM 360. The packaged sample problem was timed as follows (UNIVAC 1108): 

HOI—1 1/2 minutes; AOI—4 minutes; A02—2 1/2 minutes; A03—I minute; SOI—10 seconds; S02—35 
seconds; UDAP—23 seconds; ADD—2 minutes; VORSO—1 minute. 

8. COMPUTER HARDWARE REQUIREMENTS 
The packaged versions have been run on the IBM 360/65/75/9! or UNIVAC 1108 computers and 

require a maximum of 5 storage devices in addition to I-O. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
E. A. Warman, D. R. Rogers, and B. A. Lindsey, NERVA Radiation Analysis Computer Codes 

Collection—Volume I Summary, ANSC EOR N8140R: 72-0015 (April 1972). 
D. G. Lindstrom, Shielding Code Improvements, ANSC SRT-FRS20-W393al (February 1971). 
D. G. Lindstrom and K. O. Koebberling, Shielding Code Development Program, ANSC RN-S-0541 

(February 1970). 
J. K. Warkentin, J. H. Price, and M. B. Wells, User's Manual for COHORT. A Monte Carlo Program 

for Calculation of Radiation Heating and Transport on the IBM 360, RRA-T7Q14 (October 1970). 
J. H. Price and M. B. Wells, COHORT with Specular Reflection Surfaces and Albedo Techniques, 

RRA-T7105 (June 1971). 
N. M . Kosko, Tape-Read Code, C01, ANSC Informal Note P E16810 (June 1969). 
James H. Price and J. K. Warkentin, Utilization Instructions for CROS2, RRA-N921 (June 1969). 
J. K. Warkentin, Utilization Instructions for VORSO, RRA-N705 (March 1970). 
James Price and Karl Warkentin, Utilization Instructions for SCAT2, RRA-N927 (June 1969). 
James Price and Karl Warkentin, Utilization Instructions for SPCT2, RRA-N923 (June 1969). 
J. H. Price and M. B. Wells, Biasing Techniques in Monte Carlo, RRA-T7014 Appendix A (June 

1971). 
M. B. Wells and J. D. Marshall, The Application of Adjoint Biasing to Monte Carlo, RRA-T7014 

Appendix B (June 1971). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD/ EBCDIC card images, plus output from sample problem written in 
list format; total records 44,091. 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: NEUTRON; GAMMA-RAY; MONTE CARLO; COMPLEX GEOMETRY; 
ENDF/B FORMAT 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
SAMCEP: Monte Carlo Code System Correlated to the Simultaneous Solution of Multiple, 

Perturbed, Time-Dependent Neutron Transport Problems in Complex Three-Dimensional 
Geometry. 

AUXILIARY ROUTINES 
ENDTS: Cross Section (ENDF/B) Data Generator (CDC 6600). 
SAMX: Neutron Element Data Generator (IBM 360). 

SAMCEP is an extension of the SAM-F forward Monte Carlo neutron transport code, which is a 
component of the MAGI SAM-CE general purpose three-dimensional Monte Carlo radiation transport 
code system. 

2. CONTRIBUTORS 
Mathematical Applications Group, Inc. (MAGI), Elmsford, Wew York and U. S. Army Ballistic 

Research Laboratories, Aberdeen Proving Ground, Maryland. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
SAMCEP is a system of codes designed for the simultaneous solution of multiple, perturbed, 

time-dependent neutron transport problems in complex three-dimensional geometry using correlated Monte 
Carlo. It is designed to calculate differences in neutron fluxes, and in flux derived quantities such as dose, 
as functions of differences in cross section data. Source spectral changes can also be considered. 

Several correlated neutron transport problems in complex three-dimensional geometries can be 
handled at the same time. Up to 10 correlated problems, involving up to 100 perturbations of composition, 
neutron cross sections, angular or energy distributions, and/' or source spectra, can be run simultaneously. 
Individual problem fluxes or doses (region-, energy-, and (on option) time-dependent), as well as the 
differences between those of any or all pairs of problems, are available. 

SAMCEP retains essentially all the features of its predecessor code, SAMCE, including the use of 
basic neutron data in the latest ENDF/B format. 

5. METHOD OF SOLUTION 
SAMCEP is capable of running several similar Monte Carlo problems simultaneously. The 

mathematical basis of this capability is the simultaneous use, in several correlated problems, of the same 
Monte Carlo histories, taking account of the effects of the cross section diiTerences via a series of 
problem-dependent weights associated with each history. 

Using SAMCEP, flux differences due to small cross section variations can be calculated much mors 
rapidly and accurately. It is a practical tool that can provide information permitting one to direct 
cross-section research to obtaining more accurate data in those areas where the lack of precision leads to 
the greatest uucertainty in the transport calculation. 

A perturbation is a specific change in some portion of the neutron source or changes in the nuclear 
data for any or all of the elements that make up a medium in a neutron transport problem. SAMCEP can 
handle, in a single calculation, up to ten correlated problems, each correlated problem including a 
combination of up to ten perturbations. The number of allowed perturbations is, therefore, one hundred. 
Perturbation types include: composition (i.e., concentration perturbation); the complete set of cross section 
data of an element (i.e., an alternate set of cross section data of a specific element); change of microscopic 
total cross sections; change of microscopic scattering cross sections; change of microscopic inelastic 
scattering cross sections; change in angular distribution of elastic scattering; change in secondary energy 
distribution in continuum inelastic scattering; excitation; change in angular distribution of discrete level 
inelastic scattering; and change in source spectrum. 
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6. RESTRICTIONS OR LIMITATIONS -
Up to 10 correlated problems, involving up to 100 perturbations of composition, neutron cross 

section?, angular and secondary energy distributions, and source spectra, can be run simultaneously. 

7. TYPICAL RUNNING TIME 
The running time for SAMCEP is highly problem dependent. 

8. COMPUTER HARDWARE REQUIREMENT'S 
The code runs on a CDC 6600 with 300K core with seven external storage devices and a printer. The 

clock is sampled. 

9. COMPUTER SOFTWARE REQUIREMENTS 
SAMCEP currently operates under SCOPE 3.2.0 on a FORTRAN IV compiler. 

10. REFERENCE 
Shirley Hui, David Spielberg, Herbert Steinberg, Eugene S. Troubetzkoy, and Malvin Kalos, 

SAMCEP: An Application of Correlated Monte Carlo to the Simultaneous Solution of Multiple, 
Perturbed, Time-Dependent Neutron Transport Problems in Complex Three-Dimensional Geometry, 
MR-7020(P-7007) (January 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes in 

BCD card images; total records 18,092. 

12. DATE OF ABSTRACT 
October 1972; updated September 1975. 

KEYWORDS: NEUTRON; MONTE CARLO; COMPLEX GEOMETRY; TIME-DEPENDENT; 
COMBINATORIAL GEOMETRY 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
ESP: General Purpose Monte Carlo Neutron Transport Code System. 

ESP is one of several codes developed at Oak Ridge National Laboratory which has the 05R code as its 
predecessor. 

2. CONTRIBUTOR 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV and Assembler Language; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
The ESP code is a general purpose Monte Carlo reactor analysis code. It covers the energy range 10.' 

eV to IS MeV and is designed for both eigenvalue and fixed source reactor and reactor cell calculations. 
Cross section and related nuclear data are accepted only in the version I, I I , and HI ENDF/B format. In 
addition to smooth data, the cross-section preparation includes a detailed treatment of resolved and 
unresolved resonances and the free gas and S(o,0) thermal models. The collision and source routines utilize 
the ENDF/ B nonelastic secondary distributions, the anisotropic scattering data, and the fission spectra. The 
energy range may be divided into as many as 25,000 intervals, and over each interval the appropriately 
averaged cross sections are used as constant point-energy values. A general three-dimensional geometry 
description is available, as well as several specialized geometries. Use of fixed-source options allows 
calculations on nonmultiplying systems. A steady-state analysis of neutron histories is performed in core 
providing such quantities as neutron fluxes, reaction rates, and cross sections, all averaged over arbitrary 
energy ranges and spatial regions. 

5. METHOD OF SOLUTION 
ESP utilized standard Monte Carlo techniques in the neutron tracking and collision processes. Analysis 

of histories is performed by either collision density or track length estimation. The nuclides are assumed to 
be at rest except in the thermal energy range. Non-absorption weighting, splitting, and Russian roulette are 
used as variance reduction methods. To obtain estimates of the statistical error of ESP calculations, the 
neutron histories are processed in batches. The fission neutrons produced in a batch may be used as the 
starting neutrons for the next batch. Anisotropic scattering is handled by the Coveyou technique. The 
resonance cross sections are compiled using the Doppler broadening single-level Breit-Wigner model. A 
detailed statistical treatment is applied to this model in the unresolved resonance energy region. 

6. RESTRICTIONS OR LIMITATIONS 
The energy range is restricted to neutron energies for which data are available in the ENDF/B files. 

Each physical boundary of the system must be describable by a general second-order algebraic equation. 
There may be as many as 25 nuclides in as many as 16 different mixtures in the system. 

7. TYPICAL RUNNING TIME 
Running times are highly problem dependent. Less than 5 minutes were used on the IBM 360/91 for 

data preparation, tracking, and analysis of 20000 histories for GODIVA. A heterogeneous mockup of 
ZPR-III Assembly 48 took 3 hours; 2 hours for a detailed resonance cross section data preparation, and 1 
hour for the Monte Carlo calculation of 15000 histories giving a 0.5% standard deviation of the calculated 
eigenvalue. The IBM 360/75 time would be about 3.3 times slower. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code was designed for the IBM 360 computer using 14 direct access storage devices in addition to 

I-O. The sample problem (spherical geometry) used 480K core storage. 



193.2 

9. COMPUTER SOFTWARE REQUIREMENTS 
ESP has over 100 subroutines and ~ 16000 source cards. A six-segment overlay structure is used to 

conserve computer storage. A library of cross sections in the ENDF/B format is required. Cross sections 
for MAT(102) and MAT(103), a Random Number Generator, and some non-standard library routines are 
included in the package. 

10. REFERENCES 
a. Packaged: 

S. N. Cramer, R. S. Carlsmith, G. W. Morrison, G. W. Perry, J. L. Lucius, ESP: A General 
Purpose Monte Carlo Reactor Analysis Code, ORNL-TM-3164 (January 1972). 

b. Background information: 
(1) D. C. Irving, R. M . Freestone, Jr., and F. B. K. Kam, 0SR, A General-Purpose Monte Carlo 

Neutron Transport Code, ORNL-3622 (February 1975). 
(2) S. N. Cramer, Monte Carlo Analysis of the Exact Geometric Mockup of ZPR-II Assembly 4S, 

ORNL-TM-3596 (October 1971). 

11. CONTENTS OF CODE PACKAGE 
Included are the first referenced document and a reel of magnetic tape which contains source 

programs, random number package, library routines, cross sections, sample problem data written in 
BCD/EBCDIC card images plus sample problem output written in list format; total records 22,675. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: MONTE CARLO; NEUTRON; COMPLEX GEOMETRY; ENDF/B FORMAT; 
THERMALIZATION 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
SMAUG-13: Calculation of Neutron and Prompt Gamma-Ray Doses Resulting from an Atmospheric 

Nuclear Detonation. 

2. CONTRIBUTOR 
Air Force Weapons Laboratory, Kirtland Air Force Base, New Mexico. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
Using mass integral scaling of infinite, homogeneous air data sets made through the use of discrete 

ordinates (AN1SN) and Monte Carlo (SORS) codes, SMAUG calculates the neutron and the prompt 
gamma (including neutron-induced secondary gamma) fluences, spectra, and doses at user-selected receiver 
points. Requiring minimal input preparation effort on the user's part, SMAUG provides very rapid dose 
solutions in a readable format. Neutron results which are computed include: fluence, spectrum in 22 energy 
bands, energy fluence (MeV/cm2), mean energy, tissue dose, midline dose in a 30-cm diamater 
tissue-equivalent phantom, and silicon dose. Gamma results which are computed include: fluence, spectrum 
in 18 energy bands, energy fluence, mean energy, tissue dose, midline phantom dose, air dose (Roentgens) 
and silicon dose. The discrete ordinates data is taken from ORNL-44641. 

5. METHOD OF SOLUTION 
The information in the AN1SN- and SORS-computed SMAUG data bases has been reduced to a series 

of 419 six-constant empiric transmission functions of the a real density between the source and the receiver. 
SMAUG performs 12-point Gauss-Legend re quadrature of the air density between the source and the 
receiver using the exponential air model in the "U. S. Standard Atmosphere, 1962" to compute areal 
density. The transmission functions are evaluated to scale the infinite, homogeneous air results to the 
problem at hand. 

SMAUG uses a 9-band neutron source spectrum and prints the neutron receiver spectrum in 22 bands. 
The gamma source spectrum consists of 10 bands; the receiver spectrum consists of 18 bands. 

For depths beyond the range spanned by the data bases, SMAUG performs simple exponential 
extrapolation for each source-receiver band. 

6. RESTRICTIONS OR LIMITATIONS 
Maximum depth in air is 600 g/cm2. Maximum altitude for either source or receiver is 50,000 meters. 

No correction is made for the air/ ground interface. 

7. TYPICAL RUNNING TIME 
Run time depends on the complexity of the problem; however, for a typical problem one receiver point 

solution is obtained in approximately 1.5 seconds of CDC 6600 central processor time. 

8. COMPUTER HARDWARE REQUIREMENTS 
SMAUG was written in ANSI FORTRAN to be as machine-independent as possible. It was developed 

and run on the AFWL CDC 6600 and should be capable of running on any scientific computer with 
adequate core size. When compiled on the AFWL CDC 6600, SMAUG requires 18,650 words of central 
memory (44,200 octal). It uses one tape unit to dump or load the labeled COMMON blocks. 

9. COMPUTER SOFTWARE REQUIREMENTS 
Only standard FORTRAN routines are used. A FORTRAN cube-root function, CUBRT, is included 

with the program. No operator intervention is needed. No end file testing <s done. 



194.2 

10. REFERENCES 
a. Included in package: 

H. M. Murphy. SMAUG, A Computer Code to Calculate the Neutron and Gamma Prompt Hose 
Environment in the Vicinity of an Atmospheric Nuclear Detonation, AFWL-TR-72-2 (November 1972). 

H. M. Murphy, Jr . , A User's Guide to the SMAUG Computer Code, AFWL-TR-72-3 (May 1972). 
b. Background Information: 

E. A. Straker and M. L. Gritzner, Neutron and Secondary Gamma-Ray Transport in Infinite 
Homogeneous Air, ORNL-4464 (December 1969). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains source program, 

sample problem input written in BCD/EBCDIC card images plus output from the sample problem written 
in list format; total records 6825. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: NEUTRON; GAMMA-RAY; P A R A M E T R I C MODELS; AIR 

i 
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RSIC CODE PACKAGE CCC-171 

1. NAME AND TITLE 
TWOTRAN (BASIC, PN, FC, VW, PNVW): Two-Dimensional Discrete Ordinates Code System 

with Spherical Harmonics, First Collision Source, and Variable Weight Options. 

AUXILIARY ROUTINES 
TWOTRAN-BASIC: General Purpose Two-Dimensional Transport Basic Code. 
TWOTRAN-PN: Spherical Harmonics Version. 
TWOTRAN-FC: First Collision Source Version. 
TWOTRAN-VW: Variable Weight Version. 
TWOTRAN-PNVW: Spherical Harmonics Variable Weighted Version. 

2. CONTRIBUTOR 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 6600 and 7600. 

4. NATURE OF PROBLEM SOLVED 
TWOTRAN is designed to solve the multigroup discrete ordinates approximation to the 

two-dimensional Boltzmann equation for particle transport problems in x-y, r-z, and r-0 geometries. Three 
special versions allow for new methods by using the major parts of TWOTRAN-BASIC. Both direct and 
adjoint, homogeneous (k,// or parametric eigenvalue searches) or inhomogeneous time-independent 
problems are solved subject to vacuum, reflective, white, periodic, or input specification of boundary flux 
conditions. Both anisotropic inhomogeneous problems and general anisotropic scattering problems are 
treated. Arbitrary numbers of groups of up- or down-scattering are allowed. 

5. METHOD OF SOLUTION 
The LASL general-geometry TWOTRAN is the basic two-dimensional transport code designed for 

ease in alteration for use in conjunction with three special versions employing new methods. The first of 
these versions, TWOTRAN-PN, is designed to solve discrete ordinates equations that have been converted 
to equations like spherical harmonics equations to eliminate ray effects. TWOTRAN-FC computes the 
analytic flux due to a point source on the axis of a finite cylinder and automatically uses this flux to 
compute the first collision source of particles for further transport. TWOTRAN-VW uses a variable weight 
diamond difference scheme for calculating spatial derivatives. TWOTRAN-PNVW is a spherical 
harmonics, variable weighted version with optional spherical harmonic or discrete ordinate solution. All 
operate from TWOTRAN-BASIC and offer the options available in it for three two-dimensional 
geometries. 

Energy dependence is treated by the multigroup approximation and the angular dependence by a 
discrete ordinates approximation. Space dependence is approximated by the diamond difference scheme 
with a set-to-zero negative flux control. Anisotropic scattering and anisotropic inhomogeneous sources are 
represented by finite spherical harmonics expansions. Within-group iterations, upscattering iterations, k,// 
iterations, and eigenvalue search iterations are accelerated by a coarse-mesh particle rebalancing algorithm. 
Unusual features include coarse-mesh convergence acceleration; coarse-mesh spatial and angular 
organization to permit larger problems; general anisotropic scattering and inhomogeneous source option; 
input specification of top, bottom, or right boundary fluxes; built-in discrete-ordinates constants (S2, S<,..., 
S16); diamond difference scheme with negative flux fixup; detailed edit provisions; pointwise cross-section 
density .variation option; overlay program organization; general dump and restart options; and FIDO 
cross-section input option. 
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6. RESTRICTIONS OR LIMITATIONS 
The variable dimensioning capability of FORTRAN-IV is used so that any combination of problem 

parameters leading to a blank common vector length less than MAXLEN can be used. MAXLEN is slightly 
greater than 40,000 words for the C D C 7600. With a few exceptions, only within-group problem data arc 
stored in fast memory; data for all other groups are stored in auxiliary bulk memory such as extended core 
storage. 

7. TYPICAL RUNNING TIME 
No study has been made by RSIC of typical running times using TWOTRAN-PNVW, a one group, S> 

converted to P; , isotropic problem with mesh size 20 x 20 ran in 0.2 minutes on the C D C 7600. 

8. COMPUTER HARDWARE REQUIREMENTS 
TWOTRAN-PNVW requires five output units (disk, drums or tapes) in addition to two system 

input/output units. A CDC extended core storage unit or a large bulk memory is also required. (Disk, 
drums or tapes can be substituted for this requirement.) 

9. COMPUTER SOFTWARE REQUIREMENTS 
TWOTRAN-PNVW is FORTRAN IV with a small amount of mixed integer-floating arithmetic and 

generalized subscipting. There is minor use of 10 H Hollerith formats, decode and encode statements. 
Double precision is used to calculate (but not to store) orthonormal polynomials. All the versions are 
operable in CDC 7600 FORTRAN IV systems. 

10. REFERENCES 
K. D. Lathrop, F. W. Brinkley, and P. Rood, Theory and Use of the Spherical Harmonics, First 

Collision Source, and Variable Weight Versions of the TWOTRAN Transport Program, LA-4600 (March 
1972). 

K. D. Lathrop and F. W. Brinkley, Theory and Use of the General-Geometry TWOTRAN Program, 
LA-4432 (May 1970). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD card images, and output f rom running the sample problems written 
in list format; total records 31,764. 

12. DATE OF ABSTRACT 
October 1975. 

KEYWORDS: DISCRETE ORDINATES; NEUTRON; GAMMA-RAY; MULTIGROUP; 
TWO-DIMENSION; SPHERICAL HARMONICS 
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RSIC CODE PACKAGE CCC-196 

1. NAME AND TITLE 
RRR: Radiation Transport in Air—Analysis of Routine Releases of Short-Lived Radioactive 

Nuclides. 

2. CONTRIBUTORS 
Mathematics and Health Physics Divisions, Oak Ridge National Laboratory. Oak Ridge. Tennessee. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360/91. 

4. NATURE OF PROBLEM SOLVED 
RRP. calculates average annual ground level air concentrations, deposition rates, and ground 

concentrations for a decaying chain of radioactive nuclides. Members of this chain are assumed to have 
been emitted from a stack under routine nonaccidental operating conditions. Averages are performed 
relative to atmospheric stabilities, wind speeds, and wind directions. R R R predicts the transport of 
radioactive materials. Results will be annual averages relative to atmospheric stabilities, wind speeds, and 
wind directions. 

5. METHOD OF SOLUTION 
Numeric integration techniques are used. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
The sample problem ran on the IBM 360/91 in 1.32 minutes. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code was designed for the IBM 360 computer. It uses standard I-O and has 162K region size in the 

GO step. 

9. COMPUTER SOFTWARE REQUIREMENTS 
R R R requires a FORTRAN IV compiler. 

10. REFERENCE 
M. Reeves, P. G. Fowler, and K. E. Cowser, A Computer Code for Analyzing Routine Atmospheric 

Releases of Short-Lived Radioactive Nuclides, ORNL-TM-3613 (October 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape containing source program and 

sample problem data written in BCD/ EBCDIC card images plus sample problem output written in list 
format; total records 4758. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: ENVIRONMENTAL DOSE; AIRBORNE; FISSION PRODUCTS; 
REACTOR ACCIDENT 
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RSIC CODE PACKAGE CCC-197 

1. NAME AND TITLE 
USRHYD: Electron and X-Ray Energy Deposition and Hydrodynamics Code System. 

AUXILIARY ROUTINES 
EQSBIG: Equation of State Data Generator. 
DATAPAC-4: Cross Section Generator. 
DATCON: Conversion Code. 
ISHFT: Shift Function. 
ED1T8: LaGrange and Time Stress Data Generator. 
ED1T9: LaG range and Time Stress Data Generator. 

USRHYD contains modified versions of the electron deposition code ZEBRA (CCC-173), the x-ray 
deposition code BIGGS and the hydrodynamic code PUFF 66. Distribution is limited to domestic 
requesters. 

2. CONTRIBUTORS 
Braddock, Dunn and McDonald, Inc., McLean, Virginia, and Harry Diamond Laboratories, 

Washington, D.C. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV and Assembler Language; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
USRHYD is an integrated system of codes used to study one-dimensional transient-shock problems, 

mainly the study of radiation effects. The shock waves result from the rapid in-depth deposition of radiant 
energy (either electrons or x rays) incident upon the face of a multi-layered specimen. 

USRHYD links modified versions of the one-dimensional Lagrangian hydrodynamic code PUFF 66, 
the electron deposition code ZEBRA, and the x-ray deposition code BIGGS as subsets. Improvements 
include free-form format of input, automatic zoning for the finite element calculation, stored physical 
constants and other parameters, and an option to specify or calculate energy deposition. 

5. METHOD OF SOLUTION 
Library, conversion, compatibility, and driving routines are used to link the three codes mentioned and 

to keep to a minimum the input data. Finite difference methods are used in the hydrodynamics calculation, 
analytic approximations for x-ray deposition, and Monte Carlo techniques combined with 
Goudsmit-Sanderson multiple-scattering theory and the continuous slowing-down energy-loss theory for 
the electron transport calculation. 

The minimum inputs are the problem geometry, specifying the layers and dimensions; the material of 
each layer; the incident energy, specifying the form of the energy and its spectrum; and the shine time of the 
incident radiation. USRHYD calculates the depth dose profile of the absorbed energy, zones the problem 
for the finite element hydrodynamic calculation, calls on the USRHYD library for thermophysical and 
equation of state data, and performs the one-dimensional shock calculations on the multi-layered specimen. 
The user may input all or any part of his own data if he so desires. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
About 12.5 minutes was required to run the USRHYD packaged sample problem on the IBM 360/91. 
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8. COMPUTER HARDWARE REQUIREMENTS 
USRH YD runs on the IBM 360 computer using 5 direct access devices in addition to l-O. Region sizes 

of the various routines are as follows: DATAPAC-4, 420K; EQSBKG, 175K; ED1T8, 396K; USRHYD, 
802K; CONVERSION, 115K; and EDIT9, 162K. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler and an assembler are required. The three data libraries which are essential 

are included in the package. 

10. REFERENCES 
A. Lavagnino, W. A. Stark, J. A. Borbely, USRHYD, A User-Oriented Executive Control Program 

for Hydrodynamic Codes, HDL-044-1 (March 1971). 
Richard N. Brodie and John E. Hormuth, The PUFF 66 and P PUFF 66 Computer Programs, 

AFWL-TR-66-48 (May 1966). 
Frank Biggs and Ruth Lighthill, Analytical Approximations for X-Ray Cross Sections, Informal 

Notes, Sandia Laboratory (February 1967). 
Lawrence D. Buxton, 77ie Electron Transport Computer Code ZEBRA I, HDL-TR-1536 (November 

1970). 
T. R. Oldham, DATAPAC 4, Informal Notes for NBS Report 9836 (June 1968). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes, 

data libraries, and sample problem input written in BCD/EBCDIC card images, plus output from sample 
problem written in list format; total records 20,413. 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: ELECTRON; X-RAY; MONTE CARLO; SLAB; ONE-DIMENSION 
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RSIC CODE PACKAGE CCC-198 

1. NAME AND TITLE 
COHORT-II: General Purpose Monte Carlo Radiation Transport Code. 

AUXILIARY ROUTINES 
EXECT: Main Control Code. 
INPUT: Input Data Processor. 
SORCE: Primary Source Data Generator. 
HTA: Particle Tracking and Scoring Code. 
OUTPUT: Edit and List Code. 
SECGAM: Secondary Gamma-Ray Source Data Generator. 
RAND: FORTRAN Random Number Generator. 

The original design of the COHORT code dates back to work done a t General Dynamics, Fort Worth, 
Texas in 1962 and development continued in the COHORT series at Radiation Research Associates 
(RRA), Fort Worth, and Brown Engineering (BE), Huntsville, Alabama for NASA Marshall Space Flight 
Center (1964). COHORT was further developed by RRA for Aerojet Nuclear Systems for 
CCC-191/ACOH. The BE work resulted in CAVEAT (CCC-169). COHORT-II is a major revision and 
modernization of the original COHORT (1966). 

2. CONTRIBUTOR 
NASA Lewis Research Center, Cleveland, Ohio. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 7094. 

4. NATURE OF PROBLEM SOLVED 
COHORT-II is a Monte Carlo general purpose shielding code which tracks neutrons and photons 

through flexible shield geometry configurations. 
Printed output includes number fluxes that are averaged over regions and fluxes that are at arbitrarily 

located point detectors. The volume averaged region fluxes can be sorted according to arbitrary energy 
bins. The point-detector fluxes list uncollided (for isotropic sources only) and scathered flux contributions 
separately and can be sorted according to their polar and azimuthal angles of arrival at the detector as well 
as their energies. An estimate of the statistical precision is included for both volume and point detectors. 
Energy integrated quantities such as dose rates, heating rates, reaction rates, and fluxes greater than a given 
energy can also be computed for both volume and point detectors by entering suitable response functions. 
Where only one type of detector is of interest, the computation associated with the other type can be 
omitted to save time. All scoring, both for volume and point detectors is pefonned by statistical estimation. 

5. METHOD OF SOLUTION 
Primary particles are generated from previously known spatial, angular, and energy distributions 

supplied by the user. The conventional code method is employed where individual particles are generated, 
tracked, and analyzed. The shielding geometry allowed is flexible with space divided into homogeneous 
regions bounded by surfaces describable by a general quadratic equation. Spherical, cylindrical, and 
rectangular parallelepipeds are allowed for the source regions. Biasing options include selection of source 
particles from preferred locations, energies, and directions. The exponential transform can also be used 
during particle tracking. Secondary gamma rays can be generated and placed on tape during a neutron 
problem to be tracked during a subsequent computer run. Variable dimensioning is employed for efficient 
use of computer storage. . . . . • - - . . . . - . . -

The program does not require the user to handle tapes except when a leakage or a secondary 
gamma-ray tape has been requested. A complete analysis of a typical reactor-shield problem would require 
three separate Monte Carlo problems to be run on the computer. These runs would be used to track and 
analyze, respectively, primary neutrons, primary photons, and secondary photons. A physical source tape 
for the secondary gamma problem would be generated during the primaty neutron run. 
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6. RESTRICTIONS OR LIMITATIONS 
The code requires input cross-section data in its own specialized format and cannot accept multigroup 

cross-section data as used in conventional transport codes. 

7. TYPICAL RUNNING TIME 
None noted. 

8. COMPUTER HARDWARE REQUIREMENTS 
The packaged code ws; run on the IBM 7094. 

9. COMPUTER SGFTWAil? REQUIREMENTS 
A FORTRAN IV ccr.)p:?v"r is used and the Overlay feature with a main link and five dependent links. 

Variable dimensioning lias oecn incorporated, 

10. REFERENCE 
Leonard Soffer and Lester Clemons, Jr . , COHORT-ll—A Monte Carlo General Purpose Shielding 

Computer Code. NASA TN 0-6170 (April 1971). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes, 

data libraries and sample problem input written in BCD/EBCDIC card images, plus output f iom sample 
problem written in list format; total records 5176. 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: NEUTRON; GAMMA-RAY; MONTE CARLO; SLAB; ONE-DIMENSION 
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RSIC CODE PACKAGE CCC-199 

1. NAME AND TITLE 
MCNA: Monte Carlo Adjoint Neutron Transport Code with Coupled Sampling. 

2. CONTRIBUTOR 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; C D C 6600. 

4. NATURE OF PROBLEM SOLVED 
The code solves the adjoint neutron transport equation. MCNA allows for a variety of sources, utilizes 

a geometry routine which treats planes and quadratic surfaces, has optional splitting and "Russian 
roulette," and has an adequate output. The user may utilize a coupled sampling option where a forward 
sampling (from the neutron transport equation) is used to optimize a subsequent adjoint sampling. 

5. METHOD OF SOLUTION 
MCNA uses a coupled sampling technique that utilizes the Monte Carlo method of solution including 

nuclear fission and time dependence. In the coupled sampling, specific use is made of sampling from the 
neutron transport equation to construct a scheme for a near-optimal subsequent sampling from the adjoint 
neutron transport equation. This procedure may be expectcd to be advantageous when the phase-space 
volume contributing to the functional is smaller than the phase-space volume of the neutron source. 

MCNA allows for a variety of sources, utilizes a geometry routine which treats planes and quadratic 
surfaces, has optional splitting and "Russian roulette," and has an adequate output. 

Cross sections are stored on an arbitrary energy grid that is independently specified for each isotope. 
The code utilizes linear interpolation between energy points. 

6. RESTRICTIONS OR LIMITATIONS 
The code requires f rom 10,000 to 100,000 words of ECS or LCM on the CDC 6600 or CDC 7600 

machine. The amount required depends upon the size of the problem. 
MCNA is hardware-bound in that data libraries furnished for the code package are in binary with no 

capability for converting them to BCD. This limitation is expected to be removed in the near future. 

7. TYPICAL RUNNING TIME 
MCNA can run from a few minutes to a few hours depending upon the problem. 

8. COMPUTER HARDWARE REQUIREMENTS 
MCNA runs on the C D C 6600 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
Leland L. Carter, MCA'A: /I Computer Program to Soive the Adjoint Neutron Transport Equation by 

Coupled Sampling with the Monte Carlo Method, LA-4488 (March 1971) and Addendum (1973). 
E. D. Cashwell, J . R. Neergaard, W. M. Taylor, and G. D. Turner, MCN: A Neutron Monte Carlo 

Code, LA-4751 (January 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source code and 

a library of data written in BCD/EBCDIC card images; total records 10,382. 
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12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: MONTE CARLO; NEUTRON; ADJOINT 



200.1 

RSIC CODE PACKAGE CCC-200 

1. NAME A N D TITLE 
MCP: General Purpose Monte Carlo Photon Transport Code. 

2. CONTRIBUTOR 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; C D C 6600. 

4. NATURE OF PROBLEM SOLVED 
The MCP code is a Monte Carlo code for photon transport which treats photons with energies from 1 

keV to 15 MeV. Special care has been taken to include the physics of interactions in the low keV range. 
Specifically, coherent and incoherent scattering factors are utilized and the possibility of fluorescence 
following photoelectric absorption is included. 

5. METHOD OF SOLUTION 
MCP allows for a variety of photon sources, utilizes a geometry routine including the possibility of 

quadratic surfaces, has optional particle splitting and Russian roulette. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
RSIC collected no data on typical running time. 

8. COMPUTER HARDWARE REQUIREMENTS 
MCP runs on the C D C 6600 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
C. J. Everett and E. D. Cashwell, MCP Code Fluorescence—Routine Revision, LA-5240-MS (May 

1973). 
E. D. Cashwcll, J . R. Neergaard, C. J . Everett, R. G. Schrandt, W. M. Taylor, and G. D. Turner, 

Monte Carlo Photon Codes: MCG and MCP, LA-5157-MS (March 1973). 
E. D. Cashwell, J. R. Neergaard, W. M. Taylor, and G. D. Turner, MCN: A Neutron Monte Carlo 

Code. LA-4751 (January 1972). 

11. CONTENTS O F CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes, 

control cards and sample problem data written in BCD/EBCDIC card images, plus a library of data 
written in binary mode; total records 2596. 

12. DATE O F ABSTRACT 
September 1975. 

KEYWORDS: MONTE CARLO; GAMMA-RAY; X-RAY; C O M P L E X GEOMETRY 
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RSIC CODE PACKAGE CCC-201 

1. NAME A N D TITLE 
STRAGL: Calculation of Energy Loss Straggling of Heavy Charged Particles. 

2. CONTRIBUTORS 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico and Lawrence Berkeley Laboratory, 

Berkeley, California. 

3. CODING LANGUAGE A N D COMPUTER 
F O R T R A N IV; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
STRAGL calculates the energy-loss distribution (straggling) of a monoenergetic beam < f charged 

particles, heavier than electrons, after it has passed through a thin absorber. 

5. METHOD OF SOLUTION 
The energy-loss distribution is calculated using the formulas of Vavilov' with the modification due to 

Shulek et al.2 which includes the effects of bound electrons. The calculation extends and corrects the older 
regions of the Landau distribution and the gaussian straggling distribution. The mean ionization potential 
of the absorber can either be supplied or will be calculated by the program. The output listing provides 
various parameters of interest used in the calculation, the mean energy loss, most probably energy loss, and 
the fwhm of the energy distribution. The distribution is then plotted on the listing directly, and a table is 
printed that lists the values of the distribution directly in probability per unit energy versus the energy loss. 

6. RESTRICTIONS O R LIMITATIONS 
The beam is assumed to be monoenergetic and heavier than electrons. There is no high energy limit. 

The low energy and the large thickness limits are determined by the restriction that the mean energy loss 
should not be more than 10 to 20% of the initial particle energy. For very thin absorbers (for example, a 
few keV energy loss), the calculation also fails. 

7. TYPICAL RUNNING TIME 
On the 6600 the compile time is about S seconds and a typical case takes about 10 seconds. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code was designed for the C D C 6600 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
a. Included in package: 

R. G. Clarkson and Nelson Jarmie, "Energy-Loss Straggling of Heavy Charged Particles," 
Computer Physics Communications, 2(7) (1971) 433-442. 

Hans Bichsel, "S t ragg l ing of Heavy Charged Par t i c les : C o m p a r i s o n of Born 
Hydrogenic-Wave-Function Approximation with Free-Electron Approximation," Physical Review, B 
1(7) (April 1970). 

Hans Bichsel, "Straggling and Particle Identification in Silicon Detectors," Nuclear Instruments and 
Methods, 78 (1970) 277-284. 

b. Background information: 
(1) P. V. Vavilov, Soviet Phys. JETP 5 (1957) 749. 
(2) P. Shulek, B. M. Golovin, L. A. Kulyukina, S. V. Medved and P. Pavlovich, Soviet J. Nucl. Phys. 4 

(1967)400. 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains description "l' input 

and source code written in BCD/EBCDIC card images plus sample problem output written in list format: 
total records 1534. 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: CHARGED PARTICLES 
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RSIC CODE PACKAGE CCC-202 

1. NAME A N D TITLE 
PELSHIE: General Purpose Kernel Integration Shielding Code—Point and Extended Gamma-Ray 

Sources. 
AUXILIARY ROUTINE 

PELSHIE Data Generator. 

2. CONTRIBUTOR 
Atomic. Energy Board, Pelindaba Pretoria, Republic of South Africa. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
PELSHIF calculates dose rates from gamma-emitting sources with different source geometries and 

shielding configurations. Eight source geometries are provided and are called by means of geometry index 
numbers. Gamma-emission characteristics for 124 isotopes, attenuation coefficients for 56 elements or 
shielding materials and Berger build-up parameters for 12 shielding materials can be obtained from a direct 
access data library by only specifying the appropriate library numbers. A different option allows these data 
to be read from cards. 

For extended sources, constant source strengths as well as exponential and Bessel function source 
strength distributions are allowed in most cases. 

5. METHOD OF SOLUTION 
A point kernel integration technique is applied to obtain dose rates for extended sources. Dose rates 

for the different photon energies arc calculatcd separately and added. When too many energies are present 
these are or can be grouped into 18 fixed groups. 

Where integration cannot be done analytically some known integral functions are used. In other cases 
numerical integration techniques (applying Simpson's rule in the case of one variable functions and a 
Monte Carlo sampling technique for two and three variable functions) are used. 

6. RESTRICTIONS OR LIMITATIONS 
Computing time is the major limitation but only when numerical integration is applied. This limitation 

can be overcome by a c c e p ' i g results with lower accuracies. The restriction is particularly relevant in the 
case of large sources where the dose contributions from large regions of the source are negligibly small or 
where the kernel function varies considerably over the integration region (that is near or inside volume 
sources). 

7. TYPICAL RUNNING TIME 
Running times o n an IBM 360/40 were found to be short exccpt when numerical techniques were 

applied. For these cases the running times are given in the table below. Running times are given per photon 
energy and per iteration in the case of Simpson's rule or per 1000 samples in the case of Monte Carlo 
sampling. In the former case the times are proportional to the "number-of-iterations" power of 2 and in the 
latter case to the number of samples taken. Simpson's rule normally requires 5 to 10 iterations and the 
Monte Carlo sampling anything from 500 to 5000 samples depending on the circumstances described under 
6 above. 

Geometry Time (seconds) 

Line source with constant strength 
Line source with exponential strength distribution 
Line source with cosine strength distribution 
Disc source with exponential strength distribution 
Disc source with Bessel function strength distribution 

6 
8 
7 
8 
7 
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Spherical source with constant strength 
Cylinder side source with constant strength 
Cylinder side source with exponential strength distribution 
Cylinder side source with cosine-Bessel function strength distribution 
Cylinder end source with constant strength 
Cylinder end source with exponential strength distribution 
Cylinder end source with cosine-Bessei function strength distribution 
Rectangular source with constant strength 
Rectangular source with exponential strength distribution 
Rectangular source with cosine strength distribution 

18 
18 
19 
23 

9 

16 
10 
12 
14 

II 

The GO step of PELSH1E ran 4 seconds on the IBM 360/91. The GO step of the library data 
processor ran 10 seconds on the IBM 360/75 during RSIC testing. 

8. COMPUTER HARDWARE REQUIREMENTS 
PELSHIE is designed for the IBM 360 with standard I-O plus 2 direct access devices. Core size for the 

GO step is 88K.. 

9. COMPUTER SOFTWARE REQUIREMENTS 
The Library Data Processor Code and a Data Library are required and are included in the code 

package. 

10. REFERENCE 
G. P. de Beer, PELSHIE—A General Purpose Shielding Program for Point and Extended 

Gamma-Ray Sources, PEL 213 (October 1971). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 4685. 

12. DATE OF ABSTRACT 
October 1975 

KEYWORDS: KERNEL; GAMMA RAY 
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RSIC CODE PACKAGE CCC-203 

1. NAME AND TITLE 
MORSE-CG: A General Purpose Monte Carlo Multigruup Neutron and Gamma-Ray Transport 

Code with Combinatorial Geometry. 

AUXILIARY ROUTINES 
In IBM 360 (Version C) only: 
DOMINO: General Purpose Discrete Ordinates-to-Monte Carlo Coupling Code for Radiation 

Transport. 
PICTURE: Geometry Input Diagnostic Code. 

In UNIVAC 1108 (Version A) only: 
BREESE: Subroutine Package for Albedo Option. 

MORSE was originally programmed at the Oak Ridge National Laboratory (ORNL) for the CDC 
1604 (CCC-127; 1970) and was later modified and extended for the IBM 360. The original version 
incorporated the 0 5 R (CCC-17) geometry routines. The Mathematical Applications, Inc. (MAGI) 
combinatorial geometry routines are currently used in the ORNL version, CCC-203/MORSE-CG. The 
CCC-I27/MORSE-G is still in use but is not maintained by the ORNL originators. 

2. CONTRIBUTORS 
Neutron Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 
Science Applications, Inc., Huntsville, Alabama and Albuquerque, New Mexico. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV, Assembler Language and COMPASS; UNIVAC 1108 (A), CDC 6600 (B). and IBM 

360/75/91 (C). 

4. NATURE OF PROBLEM SOLVED 
The MORSE code is a multipurpose neutron and gamma-ray transport Monte Carlo code. It has been 

designed as a tool for solving most shielding problems. Through the use of multigroup cross sections, the 
solution of neutron, gamma-ray, or coupled neutron-gamma-ray problems may be obtained in either the 
forward or adjoint mode. Time dependence for both shielding and criticality problems is provided. General 
three-dimensional geometry may be used with an albedo option available at any material surface. Isotropic 
or anisotropic scattering up to a Pit expansion of the angular distribution is allowed. 

5. METHOD OF SOLUTION 
Monte Carlo methods are used to solve the forward and the adjoint transport equations. Quantities of 

interest are then obtained by summing the contributions over all collisions, and frequently over most of 
phase space. 

Standard multigroup cross sections such as those used in discrete ordinates codes may be used as 
input; either CCC-254/ANISN, CCC-42/DTF-IV, or CCC-89/DOT cross section formats are acceptable. 
Both fixed and free format are acceptable. Anisotropic scattering is treated for each group-to-group 
transfer by utilizing a generalized Gaussian quadrature technique. 

The MORSE code is organized into functional modules with simplified interfaces such that new 
modules may be incorporated with reasonable ease. The modules are (1) random walk, (2) cross section, 
(3) geometry, (4) analysis, and (5) diagnostic. 

While the basic MORSE code assumes the analysis module is user-written, a general analysis package, 
SAMBO, is included. SAMBO handles some of the drudgery associated with the analysis of random walks 
and minimizes the amount of user-written coding. An arbitray number of detectors, energy-dependen'. 
response functions, energy bins, time bins, and angle bins are allowed. Analysis is divided for each detector 
as follows: uncollided and total response, fluence versus energy, time-dependent response, fluence versus 
time and energy, and fluence versus angle and energy. Each of these quantities is listed as output. The 
diagnostic module provides an easy means of printing out, in useful form, the information in the various 
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labelled commons and any part of blank COMMON. The module is very useful to debug u problem 
and to gain further insight into the physics of the random walk, 

6. RESTRICTIONS OR LIMITATIONS 
None noted, 

7. TYPICAL RUNNING TIME 
The sample problem ran on the IBM 360/75 as follows: PICTURE—7 seconds and MORSE-CG- 7 

minutes. 

8. COMPUTER HARDWARE REQUIREMENTS 
Version (C) runs on the IBM 360 with standard I-O plus one direct access storage device. PICTURE 

uses 104K. of core storage. MORSE-CG uses 344K. 
Version (B) runs on the CDC 6600 computer. Version (A) runs on the UNIVAC 1108. 

9. COMPUTER SOFTWARE REQUIREMENTS 
Standard software for each of the versions may be used. Any nonstandard library routines which were 

used have been included in the code package, o r a full description is given for the user's information. 

10. REFERENCE 
M. B. Emmett, The MORSE Monte Carlo Radiation Transport Code System. ORNL-4972 (l-'ebruarv 

1975). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and for each version a reel of magnetic tape which contains 

source program, special routines, and sample problem input written in BCD EBCDIC card images plus 
sample problem output written in list format; total records 23786 (A). 13431 (B). 14865 (C). 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: MONTE CARLO; NEUTRON; GAMMA-KAY; MULTIGROUP; 
COMBINATORIAL GEOMETRY; RADIATION TRANSPORT. 
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RSIC CODE PACKAGE CCC-204 

1. NAME AND TITLE 
SWANLAKE: Cross Section Sensitivity Analysis Code for One-Dimensional Discrete Ordinates 

Calculations. 

AUXILIARY ROUTINES 
INTRIGUE 1I-L CALCOMP Plotting Package. 

CCC-254/ AN1SN or other comparable code is needed for input data generation. It is not included in 
this package. 

2. CONTRIBUTOR 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV and Machine Language; IBM 360/91. 

4. NATURE OF PROBLEM SOLVED 
SWANLAKE determines the sensitivity of a calculated quantity or result to microscopic cross section 

data utilized in the calculation. 

5. METHOD OF SOLUTION 
A particular sensitivity function, which represents an application of earlier perturbation approaches, is 

determined for the cross sections which were utilized in the discrete ordinates calculation. The sensitivity of 
a result, R, to a particular cross section, x, at energy E may be expressed as 

Pi(£) = I f d r f d f l p,(r) [ -<f.'(r,n,£) a,(£) <t>(t,Cl,E) 
+ f dry J dE (T,n'ET) a^n-n-, E-ET) <«r,n,£) ] ] R"1 , (I) 

where 0*(r,n,E) is the unperturbed adjoint flux, $(r ,fl ,E) is the unperturbed forward flux, CTx(E) is the cross 
section for reaction type x, o t(n-ft ' ,E—E') is the scattering cross section from angle fi to fi' and from 
energy E to E' for reaction type x, p,(r) is the atomic number density, and R is the integrated response. 

R is defined as 
R = f dt J" dll J dE D(r .n,£.) <*>(r,fU*>. (2) 

where D(rJ l .E) is the response function (for example, a flux-to-dose-rate conversion factor) and also the 
source for the adjoint calculation. 
All the above quantities are defined for the specific problem under consideration, and .v may refer to partial 
cross sections such as elastic or inelastic as well as to the total collision cross sections. (For an absorption 
reaction, there would be no scattering term.) The domain or r may be specified as all space or may be 
restricted to a given spatial /.one in order to examine sensitivity as a function of space. 

The quantities of <l>(r,Il,E) and ^'(r .fi.E) are read from angular flux tapes generated in forward and 
adjoint calculations, respectively, of the problem of interest. 

6. RESTRICTIONS OR LIMITATIONS 
The discrete ordinates calculations to be analyzed by this version of SWANLAK£ must be 

time-dependent and one-dimensionai. The sensitivity function only allows for energy downscatter, does not 
include the effects of fission cross sections, and cannot evaluate the sensitivity of the calculated quantity or 
response to the response function itself. 

7. TYPICAL RUNNING TIME 
The infinite air sample problem included in the code package required 2.5 minutes for the AN1SN 

forward calculation, 2.5 minutes for the AN1SN adjoint calculation, and 1.8 minutes for the SWANLAKE 
calculation. 
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8. COMPUTER HARDWARE REQUIREMENTS 
Designed for the IBM 360/91, SWANLAKE is also operable on the IBM 360/75. Maximum core 

requirement for the sample problems discussed in the code manual is 848K bytes, minimum size is 290K. 
bytes. 

Auxiliary storage requirements, in addition to standard input and output devices, are 2 scratch devices 
and 3 storage devices. If cross sections are not read from cards, an additional tape or disk will be required, 
and if the CALCOMP plotting routine included in the package is to be used, another tape unit is required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. A ealcomp plotting package, 1NTRIGUE-II (PSR-54) is 

included in the SWANLAKE package. 

10. REFERENCES 
D. E. Bartine, F. R. Mynatt. and E. Oblow, SWANLAKE. A Computer Code Utilizing ANiSN 

Transport Calculations for Cross Section Sensitivity Analysis. ORNL-TM-3809 (May 1973). 
M. B. Emmett, INTRIGUE-II: AN IBM 360 Subroutine Package for Making linear. Logarithmic and 

Semilogarithmic Graphs Using the CALCOMP Plotter. ORNL.-4664 (March 1971). 

11. CONTENTS O F CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes, 

sample problem input in BCD/EBCDIC card images plus sample problem output in list format: total 
records 8423. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: NEUTRON: GAMMA-RAY; SENSITIVI TY ANALYSIS; 
CROSS-SECTION ANALYSIS: ONE-DIMENSION 
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RSIC CODE PACKAGE CCC-205 

1. NAME AND TITLE 
TRAPP: Transport of Alpha Particles and Protons with all Nuclear Reaction Products Neglected. 

AUXILIARY ROUTINES 
INTR1GUE-2L: Linear, Logarithmic and Semilogarithmic Plot Routine. 
TRAPPL: TRAPP Data Plot Routine. 

2. CONTRIBUTOR 
Neutron Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
TRAPP is primarily intended for carrying out studies of the shielding required to protect astronauts 

against Van Allen belt protons and against solar-flare protons and alpha particles. The program treats the 
transport of protons and alpha particles through a homogeneous shield and tissue with the assumptions that 
all nuclear-reaction products may be neglected and all particles travel in a straight line and undergo a 
continuous slowing down. The geometry considered is that of a spherical shell shield with a tissue sphere at 
its centcr. For an isotropically incident proton or alpha-particle flux per unit energy with maximum energy 

3 GeV, the program gives the particle flux per unit energy, the absorbed-dose rate, and the dose-equivalent 
rate at the center of the tissue sphere as a function of the spherical-shell-shield thickness. 

TRAPP may also be used for any arbitrary incident proton or alpha particle spectrum with maximum 
energy < 3 GeV. 

5. METHOD OF SOLUTION 
The program computes numerically the analytic solution to the one-dimensional Boltzmann equation 

for primary charged-particle flux as a recursive function of the depth increment, or in the shield and in the 
tissue ball. Attenuation by nuclear collisions is optional. Dose integrals arc performed at the center of the 
tissue ball which may have radius equal to zero as an option. 

The shield material may include hydrogen and elements with A ^ 12. The user must supply the proton 
stopping power in the shield as a function of energy between an arbitrary minimum, ECUT ^ .1 MeV, and 
an arbitrary maximum, EMAX ^ 3 GeV. All other stopping powers and nuclear cross'sections are supplied 
by the program and described in the manual. 

The incident Van Allen belt proton flux energy spectrum must be supplied by the user. Proton and 
alpha fluenccs from solar flares may be input or optionally computed in the program. Arbitrary proton or 
alpha fluxes may be used as inputs as pseudo Van Allen or solar flare fluxes. 

The sample problem uses TRAPP for solar-flare proton and alpha-particle spectra with characteristic 
rigidity of 100 MV incident on an aluminum spherical shell shield of maximum thickness of 100 g/cm2. The 
radius of the tissue sphere, rr, was taken to be 15 g/cm2, and the incident particle spectra were obtained 
directly from the code. The sample problem gives the results of calculations with attenuation due to nuclear 
collisions both included and neglected. Input data and output for this sample case are included in the 
package. 

6. RESTRICTIONS OR LIMITATIONS 
Only one homogeneous spherical shell shield is permitted. The maximum number of elements in the 

shield is ten. The minimum shield thickness is 2 g/cm2 and the maximum is 100 g/cm2; both values can be 
changed by modifying the initial values of NIOPUT and IOPUT which are given in data statements in 
subroutine MAC. 

7. TYPICAL RUNNING TIME 
The sample problem ran in 57 seconds on the IBM 360/91 computer. 
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8. COMPUTER HARDWARE REQUIREMENTS 
The code was designed for an IBM 360 computer. It uses standard I-O and a maximum of 2 additional 

tapes or direct access devices. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. A Calcomp plotting package, INTRIGUE-IIL is required to 

process TRAPPL. INTR1GUE-UL is included in the package. 

10. REFERENCES 
J. Barish, R. T. Santoro, F. S. Alsmiller, R. G. Alsmiller, Jr . , TRAPP. A Computer Program for the 

Transport of Alpha Panicles and Protons with all Nuclear-Reaction Products Neglected, ORNL-476J 
(August 1972). 

Janet Endress, R. T. Santoro, J . Barish, TRAPPL: A Program for Producing Calcomp Plots from 
Data Generated by TRAPP, ORNL-TM-3813 (July 1972). 

M. B. Emmett, INTRIG UE-ll: An IBM-360 Subroutine Package for Making Linear. Logarithmic and 
Semilogarithmic Graphs Using the Calcomp Plotter, ORNL-4664 (March 1971). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the sourcc codes and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written isi 
list format; total records 4972. 

12. DATE OF ABSTRACT 
March 1973; updated May 1975. 

KEYWORDS: C H A R G E D PARTICLES; ALPHA PARTICLES; PROTON; 
CONTINUOUS SLOWING DOWN 
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RSIC CODE PACKAGE CCC-206 

1. NAME A N D TITLE 
EGAD: Calculation of Dose from External Gamma Emitters. 

2. CONTRIBUTOR 
Savannah River Laboratory, Aiken, South Carolina. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
EGAD calculates gamma dose integrals to a ground level receptor (for incremental values of the 

vertical dispersion parameter o/), as a function of gamma energy and spatial distribution of the radioactive 
material. The dose integrals are representative of sector averages since the distribution of material is 
assumed to be Gaussian in the vertical, homogeneous in the horizontal, and bounded between ground level 
and an inversion lid. Calculated dose integrals are independent of radioactive decay, transport velocity, 
down-wind distance, and sector width. Space attenuation and buildup are accounted for. 

5. METHOD OF SOLUTION 
The plume of radioactive material is assumed to remain constant in shape and size during passage over 

a receptor point. The space distribution of material is then represented as parallel line sources. The line 
contributions are integrated analytically by transforming to Bessel and related functions, reducing the 
spatial distribution to a vertical plane at the receptor point. Plane integrations are then performed by 
Gaussian quadratures. 

6. RESTRICTIONS OR LIMITATIONS 
Storage requirement is 40K bytes. 

7. TYPICAL RUNNING TIME 
Running time to evaluate integrals is typically less than 30 msec for each energy and receptor point. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code was designed for the IBM 360/195 and was tested on the IBM 360/91. It required 50K. bytes 

of storage for the GO step on the 360/91. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
R. E. Cooper, EGAD—A Computer Program to Compute Dose Integrals from External Gamma 

Emitters, DP-1304 (September 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 267. 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: GAMMA-RAY; KERNEL; AIRBORNE; ENVIRONMENTAL DOSE 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE ^ _ . 
FLUKA-TRANKA: Three-Dimensional High-Energy Ex'.ranuclear .''.-.dion Cascade Monte Carlo 

System for Cylindrical Backstop Geometries. 

AUXILIARY ROUTINE 
CASCA: Core of Cascade Calculator (Cylindrical Geometries). 

2. CONTRIBUTOR 
Radiation Group, European Organization for Nuclear Research (CERN), Geneva, Switzerland. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
The hadron cascade cvdes. FLUKA and TRANKA, were designed to simulate high-energy 

nucleon-meson cascades in cylindrical geometries. They are applicable to both solid and hollow cylinders. 

5. METHOD OF SOLUTION 
Monte Carlo techniques are used, and all particle-production data are obtained from empirical Fits to 

experimental data. TRANKA and FLUKA differ in their treatment of energy conservation in collisions. In 
TRANKA, energy is not conserved in an individual collision but only when averaged over a large number 
of collisions In F L " K A energy is conserved at each collision. TRANKA utilizes variance-reduction 
techniques and is. therefore, applicable to deep-penetration studies. 

6. RESTRICTIONS OR LIMITATIONS 
Only particles above 50 MeV are transported, and, therefore, no detailed information can be obtained 

about the lower energy particles produced in the cascade. 

7. TYPICAL RUNNING TIME 
No check was made on typical running time. 

8. COMPUTER HARDWARE REQUIREMENTS 
The package requires a CDC-6600 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
J . Ranft and J . T. Routti, Fluka and Magka, Monte Carlo Programs for Calculating Nucleon-Meson 

Cascades in Cylindrical Geometries. CERN LABI1-RA/7I-4 (November 1971). 
J . Renft and J . T. Routti, Simulation of Deep Penetration Hadron Cascades, Description of Program 

TRANKA, CERN LABIl-RA/72^t (April 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the sourcc codes and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 3327. 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: HADRON; MONTE CARLO; HIGH ENERGY; EXTRANUCLEAR; 
COMPLEX GEOMETRY 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
JN-METD: Neutron Transport Codc with Isotropic Scattering, Bare Slabs and Homogeneous Slabs 

(JN Method 1), Multilayer Slabs (JN Method 2). 

2. CONTRIBUTOR 
Nuclear Studies Division, CCR EURATOM, Ispra (Varcse), Italy, through the OECD Nuclear Energy 

Agency Computer Programme Library. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360, IBM 360/65. 

4. NATURE OF PROBLEM SOLVED 
JN-METD solves stationary neutron transport problems in bare spherical reactors to obtain the 

asymptotic time constant, the effective multiplication factor or the critical radius, and the flux distribution as 
a function of space and energy. It also solves stationary problems in homogeneous slabs to obtain the spacc, 
angle and energy dependent flux due to a plane isotropic, point isotropic or monodirectional boundary 
source. The first and second time moments are calculated for the time-dependent flux in the slab with a point 
isotropic or monodircctional delta function source on one boundary. JN-METD solves time-dependent 
problems in a non-multiplying bare sphere without up-scattering of neutrons to evaluate the space, energy 
and time dependent flux resulting from the incidence of an external source at the center; and solves 
time-dependent problems in a non-multiplying homogeneous slab without upscattering of neutrons to 
evaluate the space, angle, energy and time-dependent flux in the slab with a point isotropic or 
monodirectional source on one boundary. 

5. METHOD OF SOLUTION 
The JN method, an analytical approach to neutron transport in a finite system is used within the 

context of the multigroup and (up to) J7 approximation by assuming that the scattering of neutrons is 
spherically symmetric in the laboratory system. This method uses the expansion into spherical Bessel 
functions of the Laplace-Fourier transformed emission density of neutrons and the kernel of the integral 
equation (resulting from the Laplace and Fourier transformation of an integral transport equation with 
respect to time and space, respectively). 

6. RESTRICTIONS OR LIMITATIONS 
The present size of the floating common for all subscript variables is set to be 72,000 bytes. The core 

storage requirement is less than 305K. bytes in the FORTRAN IV, version G on the IBM 360/65. 

7. TYPICAL RUNNING TIME 
Typical running time on the IBM 360/65 is nearly 4 minutes to obtain the time-dependent lowest group 

angular and total flux in a slab with a delta function source on one boundary (in a 7-group J7 
approximation with 2 spacc, 3 angle and 56 time points), including the t im: required for obtaining the 
stationary flux as well as the time-dependent flux due to a Gaussian pulse source. The calculation of the 
stationary angular, total and leakage flux in a slab takes 1 to 2 minutes in a 7-group J7 approximation with 
11 space and angle points. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code was designed for the IBM 370 computer. Test runs were made on the IBM 360/91. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 
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10. REFERENCES 
T. Asaoka, JN-METDl, A FORTRAN-IV Programme for Solving Neutron Transport Problems with 

Isotropic Scattering in Bare Spheres and Homogeneous Slabs by the J.v Method, EUR 460le (1971). 
T. Asaoka and E. Caglioti Bonanni, JN-METD2—A FORTRAN-iV Programme for Solving Neutron 

Transport Problems with Isotropic Scattering in Multilayer Slabs by the Js Method, EUR 4839e (1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source IMJOS .HHI 

input for sample problems written in BCD/EBCDIC card images, plus output from %.inipi«: piunii-nw 
written in list format; total records 13,698. 

12. DATE OF ABSTRACT 
December 1972; updated May 1975. 

KEYWORDS; NEUTRON; JN METHOD; SLAB; ONE-DIMENSION 
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RSIC CODE PACKAGE CCC-209 

1. NAME AND TITLE 
DOI t i l : I no-Dimensional Discrete O r d i n a t e Radiation Transport Code. 

AUXILIARY ROUTINES 
MM (Version A) onl>: 

GKTUSCI. : Analytic t'neollided Source Da la Generator. 
DL ' t ' f : Perturbation C'IKIC l!«s Inpui Irum DOT III Calculation. 
GRIND. I I I M h . I (.'LOCK. IIS AM: Optional Speei,ili/«1 Subroutines. 

2. CONTRIBUTORS 
Neutron Physic* Division. Oa* Ridge National Laboratory. Oak Ridge. Tennessee (version Al and 

Utility Network n! America. McLean. Virginia (version II). 

3. CODING LANGUAGE A N D COMPUTER 
I O R T K A S IV; IBM .160 (Aland CDC CYHI:R-7J ill). 

4. NATURE OF PROBLEM SOLVED 
IX) I' III solves (he Holt/mann tiunsport equation in two-dimensional geometries. Principal application* 

arc to neutron and or pluiton transport. although the codc can be applied to trail spurt problem" fur a m 
particles not subject to external lorce fields. Both homogeneous and external-source problems can be solved. 
Searches on multiplication laetor. time absorption. nuclide concentration, and /one thickness arc ;ivyiUthk' 
loi reactor problems. Numerous edits and ouiput data sets for subsequent use are available. 

5. METHOD OF SOLUTION 
The method of discrete ordinate-- is used, lialaticc equations arc solved fur the density ol particle* 

moving along discrete directions in each cell ol a two-dimensional spatial mesh. Anisotropic scattering is 
treated using a Legendre expansion ol arbitrary order. Convergence t a n be acceleraied by scvrral optional 
schemes, including a poimwisc revealing teciuiiqtie. 

l-texible dimensioning is used throughout so that only the total storage cquitemciu for a given problem 
is of concern. I he program has two levels ol external storage utilisation in order to adapt to various problem 
requirements efficiently. Cross sections can he input on cards, (rum an ANTSN'-typc »uclidc-organi/cd d.tw 
set. or from a special group-organi/cd data set which is valuable for very large cross-section sets. A Ircc-ficW 
data input format facilitates problem preparation. 

Related programs (not included in code package): CCC-254/AN1SN—product! one-dimensional (lux 
guesses; CCC-I23/XSDRN—produces nuclide-organized cross-section libraries: PSR-48/ALCI-—provides 
updating and editing of libraries; CCC-I20;SPACETRAN—calculatcs dose at an external poin' due to 
external surface angular fluxes output from DOT; I'SR-54/PLOTTER—provides one-dimensional, plots of 
activities and/or spectra at selected points from DOT output; PSR-64/DOMINO—converts DOT 
boundary angular fluxes to cumulative probability distribution functions suitable for use by the MORSE 
Monte Carlo codc. 

6. RESTRICTIONS OR LIMITATIONS 
The total storage requirement is determined by a formula given in the input description. A »m.tll. bin 

useful, problem can be run in as little as 256K hues of fast memory. 

7. TYPICAL RUNNING TIME 
Problems of practical value may range Irom 0.05 minutes to many hours m (tinning tunc. \ l<-(ttiuU 

given in the input description allows estimation of central processor time IOT a particular problem 
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8. COMPUTER HARDWARE REQUIREMENTS 
Cird input, primrd and punched output , and (tic three vcrafch data vet* n a y be located on a in 

external b o r a t e device. a t may ilic nine opi iwul dam tciv A clock. i( available, provide* liming daw. 
Storage requirement iv 2$(<K minimum. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FOR TRAN IV compiler and OS vcnmn )<• «>r later arc .vquircd. 

10. REFERENCES 
W. A. Rhiwde*. F. R. Mvnait. lit? DOT III T^o-Dimeinional thu i f i t Ontiiniin Ihim/inri ( W f . 

ORNI.-TM-J2KO (September 197.1). 
P. A. Read, W. !•, Sclph. ami R. J. t c rbonc . PVtTl'mh Mumml. GUU'-Rf- lUWU (1931) 
Informal Notes on ( iRTl/NCI. and special *ubriunine». 

H . CONTENTS O F CODE PACKAGE 
Included arc the rcfetcnced documenf* and a reel of magnetic tape which contain* the uiutev c»de» and 

wimple problem input written in BCD TI1CD1C card ima*e». plu» output from wmptc problem wniicn m 
list format. total tccoidv 29.119 tA). 690) |U>. 

12. DATE O F ABSTRACT 
September I97.V. updated May NJS. 

KEYWORDS: NUUTKON: GAMMA-RAY; MUl.TKiROIJP; DISCKfiTI: O U W N A t l S ; 
TWO-DIMENSION 
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RSIC CODE PACKAGE CCC-206 

J. NAME AND TITLE 
N'IHCAM 2A.1; Monte Carlo Prediction uf Photon Transport Distributions. 

2. CONTRIBUTORS 
NUS Corporation, Rnckvjllc. Maryland and NASA Cioddard Spact Flight Center, Grccnbclt. 

Maryland. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; M M .160. 

4. NATURE OF PROBLEM SOLVED 
Nt 'UAM2 predict* the forward and backward angular-energy distributions of gamma photons and 

flunrcsccw r.nlunion emerging from finite transport media of single or laminar composition, NUCAM3 
prt'dicit the pulse height response of inorganic scintillation crystals exposed to gamma photon radiation. 
I Itiv ttvtinl model may he cncascd in » cladding material and mounted on a hypothetical photomultiplier. 

5. METHOD OF SOLUTION 
Code* NUGAM2 and NUGAMJ employ the Monte Carlo technique of following and categorizing a 

large number of photon* from "birth to death*. They use random number and probability theory combined 
with known interaction distribution* to determine source and collision site spacial locations, as well as 
trajectory, energy and direction throughout cach history. 

N I ' G A M I handle* M o w c Carlt» gamma photon transport in finite laminar media. NUGAM3 docs 
M»r,'tr,' Carlo prediction of the response of clad scintillation detectors exposed to gamma photons in the 
energy range to 4.5 McV, 

6. RESTRICTIONS OR LIMITATIONS 
l"«»r N t ' C A M I the number of transport material laminations is limited to nine or less. 

7. TYPICAL RUNNING TIME 
Running times on IBM 360 91 arc primarily a function of transport medium size and atomic number, 

and Miurec photon energy. For example. NUGAM2 cxccutes al — 4500 photon histories per minute for an 
iron transport medium. E « 1.0 McV. length of the cylindrical medium is 32 and radius = 52. NUGAM3 
executes at ~ K.000 photon histories per minute for E «* 0.662 or 2.7S4 McV and 3J x 3J Nal(TI) clad 
dctccior. 

The times required for test runs were: 

NUGAM2: greater than 5.50 minutes on the IBM 360/91; 
NUGA.MJ: approximately 1.5 minutes on the IBM 360/75. 

8. COMPUTER HARDWARE REQUIREMENTS 
The codes arc operable on an IBM 360 91. NUGAM2 requires 330K bytes of storage and NUGAM3 

requires IKQK bytes. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
J. J. Steyn. R. Huang, and H. Firstcnberg, Final Report for Modification of Codes Nualgam and 

Bremrad, NUS-786/l . Volumes 1-3 (May 1971). 
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11. CONTENTS OF CODE PACKAGE 
Included arc the ro lore need document and a reel of magnetic tape wlwoh contains the source endo .iiul 

sample problem input written in BCD, EBCDIC' card images, plus output from simple problem uriuen in 
list format; total records 9471. 

12. DATE OF ABSTRACT 
May 1975. 

KEYWORDS: MONTE CARLO: GAMMA-RAY 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
EMERALD: Calculation of Activity Releases and Potential Doses from a Pressurized Water Reactor 

Plant. 

2. CONTRIBUTOR 
Pacific Cias and Electric Company, San Francisco, California. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
The EMERALD program is designed for the calculation of radiation releases and exposures resulting 

from normal and abnormal operation of a large pressurized water reactor. Because of the flexible nature of 
the simulation approach, the EMERALD program can be used for most calculations involving the 
production and release of radioactive materials including design, operational and licensing studies. 

5. METHOD OF SOLUTION 
The approach used in EMERALD is similar to an analog simulation of a real system. Each component 

or volume in the plant which contains a radioactive material is represented by a subroutine, which keeps 
track of the production, transfer, decay and absorption of radioactivity in that volume. During the course 
of the analysis of an accident, activity is transferred from subroutine to subroutine in the program as it 
would be transferred from place to place in the plant. For example, in the calculation of the doses resulting 
from a loss 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. The rates of transfer, leakage, 
production, cleanup, decay, and release arc read in as input to the program. Subroutines arc also included 
which calculate the on-site and off-site radiation exposures at various distances, for individual isotopes and 
sums of isotopes. The program contains a library of physical data for the twenty-five isotopes of most 
interest in licensing calculations, and other isotopes can be added or substituted. 

6. RESTRICTIONS OR LIMITATIONS 
The user must limit his problem to: 25 isotopes, 7 time periods. 15 volumes or components. 10 

distances. 

7. TYPICAL RUNNING TIME 
The packaged sample problem ran 3.5 minutes on the IBM 360/75. 

8. COMPUTER HARDWARE REQUIREMENTS 
Tli' code operates on an IBM 360. using 450K of storage in the GO step. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 
The use of FORTRAN IV language, modular design, generic variable names, and extensive internal 

comments make EMERALD easily adapted to the users' particular models and problems. OVERLAY is 
used. 

10. REFERENCES 
W. K. Brunot and D. V. Kelly, EMERALD. A Program for the Calculation of Activity Releases and 

Potential Doses From a Pressurized Water Reactor Plant, Pacific Gas and Electric Company, Informal 
Report (October 1971). 

W. K. Brunot, EMERALD—A Program for Calculating Radiation Doses from a Pressurized Water 
Plant, Trans. Am. Nucl. Soc.. 15-1. 550-551 (June 1972). 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
AlXIMOM-l: Adjoint Moments Mctluid Gamma-Ray Transport Code. 

2. CONTRIBUTORS 
Center lor Radiation Research. National Bureau of Standards. Washington. D.C. and Scicncc 

Applications. Inc.. Iluntsville. Alabama. 

3. CODING LANGUAGE AND COMPUTER 
PORT'RAN IV: IBM 3M). 

4. NATURE OF PROBLEM SOLVED 
The code calculates the moments of the adjoint gamma-ray flux distribution in un unbounded medium. 

Angular characteristics of the source may be included. 

5. METHOD OF SOLUTION 
The linked integral equations of the moments of the adjoint gamma-ray flu* arc a function of energy, 

the spatial moment index, and the angular moment indiccs. The equations arc solved numerically starting 
from the lowest energy and proceeding to higher energies. The source term is spccillcd in terms of response 
function, and in angular response function. Gaussian integration procedures are used to evaluate part of the 
scattering integral. 

6. RESTRICTIONS OR LIMITATIONS 
The number of energies i> limited to 40(1 and the number of spatial and angular moment index 

combinations is limited to 150. These parameters may be expanded to fill the available core. 

7. TYPICAL RUNNING TIME 
Running time is approximately proportional to the maximum number of solution energies and spatial 

and angular moment index combinations. The packaged sample problem was executed on the IBM 360, 91 
in 7 scconds. 

8. COMPUTER HARDWARE REQUIREMENTS 
The packaged codc operates on the IBM 360: it should be easily converted to run on UNIVAC and 

CDC computers. It uses standard I-O units and a maximum of 3 additional direct-access dcviccs. Core size: 
220K. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
George L. Simmons. An Adjoint Gamma-Ray Moments Computer Code, ADJMOM-I. NBS 

Technical Note 748, (February 1973). 

11. CONTENTS OF CODE PACKAGE 
Included aie the referenced document and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD/EBCDIC card images, plus output from sample probcm written in 
list format; total records 827. 

12. DATE OF ABSTRACT 
July 1975. 

KEYWORDS: ADJOINT; MOMENTS METHOD; GAMMA-RAY; INFINITE MEDIUM 
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11. CONTENTS O F CODE PACKAGE 
Included arc the referenced documents a:id a reel of magnetic tape which contain:. source code and 

sample problem input writiei. in BCD card images, and output from the sample problem written in Isst 
format; total records 2S.779. 

12. DATE OF ABSTRACT 
June 1973: updated July 1975. 

KEYWORDS: ENVIRONMENTAL DOSE; AIRBORNE 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
ACRA II: Kernel Integration C.<de Gumma-Ray Dose Iron) a Radioactive Cloud. 

ACRA II solves essentially the same problem as PLUME tCCC-y'J). 

2. CONTRIBUTOR 
Oak Ridge National Laboratory. Oi.l Ridge. lenncssee. 

3. CODING LANGUAGE AND COMPUTcR 
FORI RAN IV and Assembler I. ir.uage; IBM 3 Mi. 

4. NATURE OF PROBLEM SOLVED 
I he ACRA code calculates the internal dose Irom inhalation ot radionuclides in the air and tfte g.imm.i 

i.idiatiotl dose I ruin a passing cloud ul I'iniic si/e. I he assumption is made that the radioactive material 
lelcased to the atmosphere at ground level or .some fume distance above the ground. Subsequently. I Im-
material is tiansported avvav In the umil and is ilispeised u a 3-dimciisional nonnal disiribution. 1 lie 
radioactivity ol the material is described throiiefiotii ilic space domain a lunetion ol time. 

5. METHOD OF SOLUTION 
Basically. the code solved the tollovvmg two equations toi the internal and external doses respective!). 

IX.. - J i . iilMt.rlS (.-) R . (r)dr l l ) 

D . - . f l llMl..-tS (r) K .ti.tldr (2) 
where the integration wns Irom o t-.i t ; l|Ul the simitnation is m c i indices i and |. I he dose trom the elouo 
arrives during the lirst I muuites attei its initial release, assuming that thete is a tune interval helorc the material 
is released to the atmosphere. 

R..,(j.t| - dose raie toi a unit ot activity ol a given nuclide j: and. 
R,,.|r) • dose rate per linn ot material distributed m the iioitnal distiihution. 
I he major computational ettoit ot the piogtam was devoted to accelerating the spatial integration ot the 

linite cloud without saerilieinj: accuracy. Numerical e\pennients were performed and indicate that combined 
errors ol the computational piocess r velv exceed 5 V Hie limitation ol the mathematical model and the 
inaccuracy ol the input data a moie vinous matter which must be dealt with by the meteorologists 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
Computer time is about 2 seconds per reeeptoi and per time interest lor 30 radionuclides on the IBM 

3M) lJI. Ihis time is doubled il inversion layeisare pieseiu. I he packaged sample problem ran 3 minutes on 
the IBM 3M> 75. 

8. COMPUTER HARDWARE REQUIREMENTS 
An IBM 3Ml computer vmh ~ 320K storage is required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
ACRA was written tor nonstandard ORNI. compiler and was convened by RSIC lor use vvuh 

standard FOR I RAN compiler. Nonstandard library routines which arc essential to execution arc included 
in ihe package. 
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10. REFERENCES 
F. W. Stallmann and F. B. K. Kam, ACKA—A Computer Program for the Estimation of Radiation 

Doses Caused by a Hypothetical Reactor Accident, ORNL-TM-4082 (April 1973). 
F. B, K. Kam, Informal Notes on ACRA 1/ (July 1974). 

11. CONTENTS OF CODE PACKAGE 
Included arc the referenced documents and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 3333. 

12. DATE OF ABSTRACT 
July 1973; updated July 1975. 

KEYWORDS: KERNEL; GAMMA-RAY; AIRBORNE; AIR-GROUND INTERFACE 



596.1 

RSIC CODE PACKAGE CCC-206 

1. NAME A N D TITLE 
DOPEX-1D2C: A One-Dimensional. Two-Constraint Radiation Shield Optimization Code. 

DOPEX-JD2C is an extension of the CCC-63/OPEX, CCC-177/DOPEX series. 

2. CONTRIBUTOR 
NASA Lewis Research Center, Cleveland, Ohio. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
DOPEX-1 D2C minimizes weight (or volume or cost) of a layered spherical radiation shield subject to 

two dose rate constraints. The code assumes an exponential dose rate-shield thickness relationship with 
parameters specified by the user, 

5. METHOD OF SOLUTION 
The method of steepest descent is used to alter a set of initial (input) thicknesses of a spherical shield 

configuration to achieve a minimum weight while simultaneously satisfying two dose-rate constraints. The 
codc will not add layers but it may delete layers. The theory for multi-dimensional multi-constraint 
optimization is developed generally in reference 5 and extended for the present case in packaged document. 

6. RESTRICTIONS OR LIMITATIONS 
The codc is presently set up for a maximum of 25 regions and each of the two dose constraints is 

limited to 25 components. These limits could be increased. 

7. TYPICAL RUNNING TIME 
The sample packaged problem ran 42 seconds on the IBM 360/91. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code is operable on the IBM 360 computer using ~ 56K core. 

9. COMPUTER SOFTWARE REQUIREMENTS 
DOPEX-1 D2C is coded in ANSI standard FORTRAN IV. 

10, REFERENCES 
a. Included in package: 

Gerald P. Lahti, DOPEX-1 D2C—A One-Dimensional, Two-Constraint Radiation Shield 
Optimization Code, NASA TM X-2836 (July 1973), 

b. Background information: 
(1) R. L. Bernick, Application of the Method of Steepest Descent to Laminated Shield Weight 

Optimization, NAA-SR-Memo-818! (April 1963). 
(2) R. L. Bemick, The OPEX Shield Optimization Code, NAA-SR-Memo-11516 (July 1965). 
(3) Gerald P. Lahti, OPEX-lt, A Radiation Shield Optimization Code. NASA TM X-1769 (1969). 
(4) Gerald P. Lahti, The DOPEX Code—An Application of the Method of Steepest Descent to 

Laminated-Shield Weight Optimization with Several Constraints, NASA TM X-2554 (1972). 
(5) Gerald P. Lahti, Application of the Method of Steepest Descent to Laminated Shield Weight 

Optimization with Several Constraints—Theory, NASA T M X-2435 (1971). 
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11. CONTENTS OF CODE PACKAGE 
Included arc the rcfcrcnccd document nnd a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in list 
format; total records 546. 

12. DATE OF ABSTRACT 
July 1973; updated July 1975. 

KEYWORDS; OPTIMIZATION; ONE-DIMENSION 
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RSIC CODE PACKAGE CCC-206 

1. NAME A N D TITLE 
TUSS: Multigroup Discrete Ordinate's Code lor Slab und Spherical Geometries, 

TUSS is an extension/modification of CCC-71/ MIST, 

2. CONTRIBUTOR 
Argonne National Laboratory, Illinois through the Argonne Code Center (ACC Abstract 513). 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; CDC 3600. 

4. NATURE OF PROBLEM SOLVED 
TESS provides the multigroup real and adjoint solutions to the transport equation in the S. 

approximation for one-dimensional slab and spherical geometry. Highly generalized boundar.woiidiuoii 
capabilities make the code quite suitable for photon-transport problems. Integrals of flux und adjoint lor 
perturbation analysis can be calculated. Reaction rates may be computed for specified isotopes as 
function of spacc. 

5. METHOD OF SOLUTION 
A direct method of solution lor each outer iteration is used for maximum efficiency in slowly 

converging problems. A double S.v formulation in slab geometry, which allows the code to treat 
discontinuities more efficiently in the angular flux at interfaces, yields more accurate results with lower 
angles. TESS contains a sophisticated cross-sestion homogeni/ation routine, which permits cross-section 
collapse in both space and energy by six different prescriptions—three by real flux weighting, and three by 
flux and adjoint weighting. In addition, two different methods of providing for cell leakage make the code 
convenient for last-reactor, critical-facility heterogeneity studies. 

6. RESTRICTIONS OR LIMITATIONS 
TESS permits a maximum of 150 mesh points, 26 groups, 20 angular intervals, 12 isotropic 

downscatter groups, I PI downscatter group, 40 regions, 25 materials. There is no restriction on angles 
except that they be symmetric about PI/2" (MU = 0 ) . No upscatter is allowed. 

7. TYPICAL RUNNING TIME 
Approximately .5 millisecond is required (point-group-angular order squared) per iteration. 

8. COMPUTER HARDWARE REQUIREMENTS 
TESS was designed for the CDC 3600 computer, with 50K available storage and 10 tape units. 

9. COMPUTER SOFTWARE REQUIREMENTS 
The packaged code was run using 3600 FORTRAN, SCOPE 6,2114 operating system. 

10. REFERENCES 
a. Included in package: 

Ronald W. Goin and J . P. Plummer. TESS. A One-Dimensional S\ Transport-Theory Code J or 
the CDC 3600. ANL 7406 (December 1971). 

b. Background information: 
G, E. Putnam and D. M. Shapiro, MIST (SfuMgroup Internuclear Sluh 'trunspun), 11X)-16,s5() 

(May 1963). 
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11. CONTENTS OF CODE PACKAGE 
Included urn Ihc referenced document and u reel of magnetic tape which contains the sourcc code and 

sample problem input written in BCD'EBCDIC card images; total records 4971. 

12, DATE OF ABSTRACT 
June 1973; updated July (975. 

KEYWORDS; ONE-DIMENSIONAL; TRANSPORT THEORY; CRITICALITY SEARCHES; 
REACTION RATES; MULTIGROUP; PERTURBATION THEORY; MIST CODES 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
SHADOK: Transport Codes, Pi Scattering in Infinite Cylindrical and Spherical Geometries by 

Polynomial Approximation. 

AUXILIARY ROUTINES 
SHADOK3: Cylindrical geometry, direct solution of the linear system. 
SHADOK4: Cylindrical geometry, thcrmaliiution iteration, solution of the linear system with inverse 

matrix calculation, 
SHADOK5: Like SHADOK3 for spherical geometry. 
SHADOK6: Like SHADOK4 for spherical geometry. 

2. CONTRIBUTOR 
Federal Institute for Reactor Research (EIR), Wurcnlingen, Switzerland through the NEA Computer 

Programme Library, lspra. Italy (Abstract E-370). 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV and COMPASS; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
The codc scries were designed to solve the integral transport equation with Pi scattering in infinite 

cylindrical and spherical geometries by polynomial approximation. 

5. METHOD OF SOLUTION 
The cylindrical transport medium composed of one or more materials is divided into annular rings. In 

each ring the flux and isotropic sources are expanded spatially in a four-term Legendrc polynomial series. 
Similarly, the current and anisotropic sources are expanded in a three-term series. The coefficients of the 
Lcgendre polynomials can be related to the first and second spatial moments of the flux and the boundary 
fluxes. When these expansions are introduced into the integral transport equation, a matrix equation 
results. This equation is then solved to yield the boundary flux, first moment of the flux and second 
moment of the flux. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
No check' was made on typical running time. 

8. COMPUTER HARDWARE REQUIREMENTS 
SHADOK was designed to run on the C D C 6600 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. Two subroutines arc in mixed mode. 

10. REFERENCES 
J. Ligou. P. Thomi. Codes for Solving the Integral Transport Equation with Pi Scattering in Infinite 

Cylindrical and Spherical Geometries by Polynomial Approximation, TM-PH-454 (August 1973). 
,1. Ligou. Improved Integral Transport Theory by Means of Space Polynomial Approximations, N S 

and E: 50. 135-146 (1973). 
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11. CONTENTS OF CODE PACKAGE 
Included are the rcfcrenccd documents and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD; EBCDIC card images, plus output from sample problem written in 
list format; total records 14,269. 

12. DATE OF ABSTRACT 
July 1973; updated July 1975. 

KEYWORDS: INTEGRAL BOLTZMANN EQUATION; POLYNOMIAL APPROXIMATION: 
NEUTRON: MULTIGROUP; ONE-DIMENSION; CYLINDRICAL GEOMETRY: 
SPHERICAL GEOMETRY 



602.1 

RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
OKIGEN: Isotope Generation and Depletion Code—Matrix Exponential Metimu. 

A library' of data. DI.C-38/ORYX-E. ORt(]E\' Yields and Cross Sections Suikw Trm\mittaiu>n 
and Decay Data from ENDF/B-IV. is available from RSIC for use with ORIGE.V 

2. CONTRIBUTOR 
Oak Ridge National Laboratory. Oak Ridge. Tennesseee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
The code solves the equations of radioactive growth and decay allowing continuous first order 

chemical processing and a neutron flux described by a three-region spectrum. Complex decay and 
transmutation schemes can be treated. An example of a problem which can be solved by ORIGFN is 
calculating decay heat in discharge fuel sub-assemblies as a function of time from discharge. 

5. METHOD OF SOLUTION 
The code uses a matrix exponential method to solve a large system of coupled, linear, l'irst-order 

ordinary differential equations with constant coefficients. 
The packaged document includes a description of methods by which OR1GEN subroutines may be 

used by other calling programs to do isotope generation and depletion calculations. 
Since alpha emission alone is of importance in some applications, the package includes .i 

supplementary actinide library in which total Q-valucs have been replaced by the Q-values lur alpha 
emission. 

6. RESTRICTIONS OR LIMITATIONS 
The code will handle 950 nuclides of which no more than 120 are actinides and their decay daughters. 

Fission products are produced by fission rales of five different actinidcs. In addition, there may be no more 
than 6000 non-zero elements in the nuclear transmutation matrix. Numerical inaccuracies due to such 
things as too coarse a time spacing are indicated by a warning message. Conversion difficulties, except for 
those involving core usage, e.g., use of half words, have been eliminated. 

7. TYPICAL RUNNING TIME 
A problem with 40 time steps with KOO nuclides takes approximately 40 seconds on the IBM 360 91. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code runs on the IBM 360. requiring approximately 265K using OVERLAY. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
M. J. Bell. OK/GEX The OKSL Isotope Generation and brplclion Codc. ORNI.-462K (May 1973). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD EBCDIC card images, plus output from sample problem written in 
list format: total records 41.440. 
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12. DATE OF ABSTRACT 
August 1973; updated \ugust 1975. 

KEYWORDS: ISOTOPE INVENTORY; FISSION PRODUCT INVENTORY; MULTIGROUP; 
NEUTRON; GAMMA-RAY 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
EZTRAN: Monte Carlo Codc System for Electron and Photon Transport Through Slabs. 

AUXILIARY ROUTINES 
PGEN: Photon Cross Section Data Gsnerator. 
DATPAC: Single-Scattering and Multipls-Scattering Data Generator. 

EZTRAN is a user-oriented version of ETKAN-15 (CCC-107) which was developed at the National 
Bureau of Standards. The latest Sandia development in the EZTRAN series is that incorporated in TIGER, 
packaged as CCC-245. The abstract for EZTRAN as a stand-alone code package is included here for 
completeness. The latest NBS development is incorporated in CCC-107, including ETRAN-16 for slabs, 
ETRAN-18 for cylinders and DATAPAC-6, 

2. CONTRIBUTOR 
Sandia Laboratories, Albuquerque, New Mexico. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; C D C 6600. 

4. NATURE OF PROBLEM SOLVED 
EZTRAN is a Monte Carlo Code for deep penetration coupled electron/photon transport problems 

applicable to onc-dimcnsional, homogeneous, finite slab geometries. It is based on the ETRAN-15 
(CCC-107) codc in which DATAPAC-4 generates the electron cross sections and cumulative distributions. 
EZTRAN combines the ETRAN-DATAPAC-LIBRARY system into a single run with a minimum of input 
and without sacrificing any rigor in the solution. 

Available options for the calculation and output are similar to those in ETRAN. 

5. METHOD OF SOLUTION 
All cross section data generation is integrated into the ETRAN-DATAPAC-LIBRARY system, a 

multiple job concept which enables the user to obtain the complete solution to a given problem from a 
single run using one external storage device. 

Monte Carlo techniques are used in the transport calculation. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
No data on typical running time has been collected by RSIC. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code is operable on a CDC 6600. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
J . A. Halbleib, Sr. and W. H. Vandevender, EZTRAN, A User-Oriented Version of the ETRAN-15 

Electron-Photon Monte Carlo Technique. SC-DR-71 0598 (September 1971). 
M. J . Bcrgcr and S. M. Seltzer, Electron and Photon Transport Programs—Introduction and Notes on 

Program DATAPAC 4, NBS Report 9836 (June 1968). 
M. J . Berger and S. M. Seltzer. Electron and Photon Transport Programs—Notes on Program 

ETRAN IS. NBS Report 9837 (June 1968). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes and 

cross section libraries written in BCD/EBCDIC cara images; total records 12,744. 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: MONTE CARLO; ELECTRON: GAMMA-RAY; ONE-DIMENSION; SLAB 
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RSIC CODE PACKAGE CCC-206 

1. NAME A N D TITLE 
PIPE: Numerical Gamma-Ray Transport Code for Plane/Spherical Geometry. 

PIPE is based on the BIGCil codes (CCC-66)'. For special calculations referring to albedo or pair 
production effect calculation BIGGI can be used; for all other types of problems PIPE is recommended. 

2. CONTRIBUTOR 
EURATOM. lspra (Varesc), Italy through the OECD NEA Computer Programme Library (Abstract 

E-416). 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
The time-independent gamma-ray transport equation, with Compton scattering only, is solved for slab 

or spherical multilayer geometry. Photoelectric and pair-production processes are treated as absorptions. 
Brcmsstrahliing. fluorescence and Raylcigh scattering are ignored. 

5. METHOD OF SOLUTION 
The basis of the solution is the couple of integral equations described by Weinberg and Wigner" as "the 

third form of the Uoltzmann equation." The energy dependence is treated within a group schcmc, the 
angular dependence by fixing angular mesh points (which can be chosen rather arbitrarily). The spatial 
treatment takes into account the exponential attenuation directly, an exponential transformation can be 
applied, and these two features allow large spatial integration steps, up to two or three (m.l'.g.) in thick 
layers. 

6. RESTRICTIONS OR LIMITATIONS 
PIPE allows at most 34 elements in the cross section library. 21) materials. 20 layers. 12 source energies. 

11 angular. 50 spatial. 60 energy mesh points, and 6 arbitrary response functions which can be applied to 
the spectra or to the angular fluxes. 

7. TYPICAL RUNNING TIME 
PIPE problems run in I to 3 minutes on an IBM 360 65. The packaged sample problems took about 

I I 2 minutes on the IBM 360 91. 

8. COMPUTER HARDWARE REQUIREMENTS 
PIPE was designed for the IBM 360 f»5 computer. It is operable on the IBM 360,91. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is. required. 

10. REFERENCES 
a. Included in package: 

SI. Penkuhn. / /»» n, Use the Gtinwia Trampurt (>.,/<• / ' / / ' / ; . EURATOM Report ISPRA-U37; 
FUR 4624 (April 1970). 

II. Penkuhn, PIPE: .4 Prunrainme Integrating the Photon Equation Designed for Gamnw 
Shielding Calculations. paper presented to the NEA Computer Programme Library's Seminar on 
Shielding Programmes (October 1972). 

b. Background information: 
(1) II. Penkuhn. I'mr'» Manual for the (iainnui Transport Code.\ BIGGI JP and BIGGI JT, 

EUR 3555c <I'J67). 
(2) Weinberg and Wigner. The Physical Theory tif Xeutron Chain Reactors, p. 22K. Chicago |I959). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 4367. 

12. DATE OF ABSTRACT 
July 1975. 

KEYWORDS: DISCRETE ORDINATES; NUMERICAL INTEGRATION: GAMMA-RAY; 
ONE-DIMENSION; SLAB: SPHERICAL GEOMETRY 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
LUIN: Analytical Straight-Ahead Transport Codc—Calculation of Cosmic-Ray Spectra, Fluxes and 

Ionization in the Earth's Atmosphere. 

2. CONTRIBUTOR 
ERDA Health and Safety Laboratory, New York, New York. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
The code calculates secondary particle fluxes and resulting ionization produced in the earth's 

atmosphere by galactic cosmic rays as well as spectra which are a function of zenith angle and energy. The 
codc takes into account altitude above the earth's surface, geographical location, atmospheric temperature 
and solar activity. 

Absorption and production cross sections are assumed to be independent of energy, and in solving the 
Boltzmann equations, the straight-ahead approximation is used. Also, the shape of all secondary hadron 
spectra are assumed to be identical when resulting from a collision at a given energy. 

5. METHOD OF SOLUTION 
Passow1 and Alsmiller2 have obtained a solution to the Boltzmann equation in the straight-ahead 

approximation with constant cross sections and with certain other restrictions on particle emission spectra 
in-flight decay and charged particle stopping, for an incident flux homogeneous energy and angle—i.e., for 
a Green's function from which solutions of other kinds can be obtained by numerical integration over space 
and angle. 

The resulting Green's functions are integrated over the primary galactic spectra to yield the desired 
quantities. Muon spectra are obtained from the pion spectra also in the straight-ahead approximation. 

6. RESTRICTIONS OR LIMITATIONS 
The underlying theory is invalid below about 100 MeV for hadrons, Muons are followed to 10 MeV. 

The upper limit of validity is not really known, but sea-level hadron spectra at energies of 40 TeV have been 
shown to be within about 20% of experiment. 

7. TYPICAL RUNNING TIME 
RSIC made no check on typical running time for LUIN. 

8. COMPUTER HARDWARE REQUIREMENTS 
A CDC 6600 computer is required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. .. 

10. REFERENCE 
a. Included in package: 

Reran 07Brien, LUIN, A Code for the Calculation of Cosmic Ray Propagation in the Atmosphere, 
HASL-275 (May 1973). 

b. Background information: 
(1) C. Passow, Phenomenologische Theorie zur Berechnung einer Kaskade aus schweren Teilchen 

(Nukleonenkaskade) in der Materie, DESY Notiz A 2.85 (1962). 
(2) F. S. Alsmiller, A General Category of Soluble Nucleon-Meson Cascade Equations, ORNL-3746 

(1965). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes and 

data written in BCD card images, plus output from sample problem written in list format; total records 
1207. 

12. DATE OF ABSTRACT 
October 1975. 

KEYWORDS: STRAIGHT-AHEAD; COSMIC RAYS; SPACE RADIATION. 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
SLDN: Cods System for Shielding Calculations by the Method of Invariant Imbedding. 

AUXILIARY ROUTINES 
LTA: Calculates multigroup constants of neutrons for shielding calculations. 
LTB: Calculates elastic scattering kernel of neutrons for shielding. 
SL: Calculates reflection and transmission functions of radiations for homogeneous slabs. 
ML: Calculates penetrations of radiations through multilayer slabs. 
DF: Calculates multigroup one-dimensional diffusion for shielding of neutrons. 

2. CONTRIBUTOR 
Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun, Ibaraki, Japan. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; GE 635/685. 

4. NATURE OF PROBLEM SOLVED 
SLDN calculates the reflection and penetration of neutrons through multilayer slabs with the 

multigroup constants generated from ENDF/B. One-dimensional multilayer slabs with a plane source is 
treated. Albedo on a homogeneous slab with semi-infinite thickness can be calculated. 

5. METHOD OF SOLUTION 
LTA and LTB compute group averaged constants from ENDF/B with a specified weighting spectrum. 

To avoid double numerical integration on the calculation of elastic scattering kernel, the analytical 
formation is adapted instead of a numerical integration. SL calculates the reflection and transmission 
functions of homogeneous slabs by the method of invariant imbedding under the Gaussian quadrature 
approximation on angular variable and multigroup approximation on energy variable. ML computes the 
penetration of neutrons through multilayer with the reflection and transmission functions using the 
combination rule for the functions. 

6. RESTRICTIONS OR LIMITATIONS 

LTA, LTB: 
Number of angular divisions 7 
Number of energy groups 30 
Number of fast energy groups (for 

transport calculation) 13 
Number of Legendre moments 14 
Number of energy points (for raw data) 1200 
Weighting spectrum 1 / E. fission spectrum 

SL, ML, DF: 
Number of angular divisions 7 
Number of energy groups/ fast energy groups 30/13 
Number of isotopes/material 10 
Number of slabs/(multilayer) 30 

7. TYPICAL RUNNING TIME 
The running time for a multilayer (iron-water), 1.5m inch thickness, 3 angular divisions, 13 fast groups, 

30 total groups, 14 Legendre moments: LTA and LTB, 1-5 minutes per isotope; SL, 1 minute per slab; ML, 
2 minutes; DF, 0.5 minutes; 
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8. COMPUTER HARDWARE REQUIREMENTS 
A GE 635/68S computer (at least 196K) is required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
I. Komatsu, Y. Yamashita, A. Sliimizu, SLDN-ML-2: A Code for the Calculations of Penetrations of 

Radiations for Multi-Layer Slabs, J201 71-11 (June 1971). 
I. Komatsu, Y, Yamashita, A. Shimizu, A Code System for Shielding Calculation by the Method of 

Invariant Imbedding—SLDN, J201 71-07 (June 1971). 
I Komatsu, Y. Yamashita, A. Shtmizu, SLDN-l.TA-2: A Code for Calculating Multigroup Constants 

of Neutrons for Shielding Calculations, J20I 71-08 (June 1971). 
M. Nakai, Y. Sato, I. Komatsu, A. Shimizu, Evaluation of the Multigroup Cross Sections for the 

Shielding Calculation. J201 72-06 (March 197?.). 
Y. Yamashita, I. Komatsu, A. Shimizu, SLDN-DF-2: Multigroup One-Dimensional Diffusion Code 

for Shielding Calculations of Neutrons, J201 71-12 (June 1971). 
Y. Yamashita, 1. Komatsu, A. Shimizu, SLDN-LTB-2: A Code for Calculating Elastic Scattering 

Kernel of Neutrons and Gamma Rays for Shielding Calculations, J20I 71-09 (June 1971). 
1. Komatsu, A. Shimizu, SLDN-SL-2: A Code for the Calculation of the Reflection and Transmission 

Functions of Radiations for Homogeneous Slabs, J201 71-10 (June 1971). 

11. CONTENTS OF CODE PACKAGE 
The package is a reel of magnetic tape which contains source codes and sample data written in 

BCD/EBCDIC card images; total records 8614. 

12. DATE OF ABSTRACT 
October 1975. 

KEYWORDS: INVARIANT IMBEDDING; MULTIGROUP; NEUTRON; GAMMA-RAY; 
ONE-DIMENSION 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
TWOTRAN II: Two-Dimensional Multigroup Discrete Ordinates Transport Code in (x,y), (r.theta), 

and (r,z) Geometries, 

TWOTRAN U is the second iteration of CCC-195/ TWOTRAN. A generous number of comment 
cards were added and simplified programming was performed in order to make TWOTRAN more easily 
understood. CCC-129/TWOTRAN-SPHERE and CCC-195/TWOTRAN-<PN, FC, VW) are 
recommended for calculating spherical harmonics, First collision source, and variable weight. 

2. CONTRIBUTOR 
Los Alamos Scientific Laboratory, Los Alamos, New Mexico. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN; CDC 7600 (A) and IBM 360 (B). 

4. NATURE OF PROBLEM SOLVED 
TWOTRAN solves the two-dimensional multigroup transport equations in (x,y), (r, 0), and (r,z) 

geometries. Both regular and adjoint, inhomogeneous and homogeneous (k,// and eigenvalue searches) 
problems subject to vacuum, reflective, periodic, white or input specified boundary flux conditions are 
solved. General anisotropic scattering is allowed and anisotropic inhomogeneous sources are permitted. 

5. METHOD OF SOLUTION 
The discrete ordinates approximation for the angular variable is used in finite difference form which is 

solved with the central (diamond) difference approximation. Negative fluxes are eliminated by a local 
set-to-zero and correct algorithm. Standard inner (within-group) and outer iterative cycles are accelerated 
by coarse-mesh rebalancing on a coarse mesh which may be independent of the material mesh. 

Provision is made for creation of standard interface output files for S„ constants, angle-integrated 
fluxes and angular fluxes. Standard interface input files for sources, fluxes, cross sections and Sn constants 
may be read. All binary operations are localized in subroutines called REED and RITE. Detailed edit 
options, including angular fluxes, dumps and restart capability are provided. Optional use of an arbitrary 
rebalance mesh independent of the material mesh is allowed. 

6. RESTRICTIONS OR LIMITATIONS 
Variable dimensioning is used so that any combination of problem parameters leading to a container 

array less than MAXLEN can be accommodated. On the CDC machines MAXLEN can be slightly greater 
than 40,000 words. Peripheral storage is used for most group-dependent data. On IBM machines, 
TWOTRAN-II will execute in the 4-byte mode so than MAXLEN can be several hundred thousand words 
and most problems can be core-contained. 

7. TYPICAL RUNNING TIME 
A six-group, Si, 42 x 42 mesh point, k,// calculation of an EBR-II model requires about 3.9 minutes of 

CDC-7600 time. The sample problem which RSIC ran on the IBM 360 took 10 minutes CPU time. 

8. COMPUTER HARDWARE REQUIREMENTS 
Five output units, five interface units (use of interface units is optional) and two system input/output 

units are required. A large bulk memory is desirable, but it can be replaced by disk, drum or tape storage. 
TWOTRAN II, Version A, runs on the CDC 7600 computer. Version B runs on the IBM 360. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 
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10. REFERENCES 
a. Included in the package: 

ft. D. Lathrop, F. W. Brinkley, TWOTRAN-II: An Interfaced, Exportable Version of the 
TWOTRAN Code for Two-Dimensional Transport, LA-4848-MS (July 1973), 

b. Background information: 
K. D. Lathrop, F. W. Brinkley, Theory and Use of the General-Geometry TWOTRAN Program, 

LA-4432 (May 1970). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape whith contains the source code and 

sample problem input written in BCD/ EBCDIC card images, and output from sample problem written in 
list format; total records 34,562 (A), 35,006 (B). 

12. DATE OF ABSTRACT 
September 1973; updated July 1975. 

KEYWORDS: DISCRETE ORDINATES; NEUTRON; GAMMA-RAY; TWO-DIMENSION; 
MULTIGROUP 



22'i.l 

RSIC CODE PACKAGE CCC-198 

1. NAME AND TITLE 
DTK: One-Dimensional Multigroup Neutron Transport Code. 

DTK was developed from DTF-IV (CCC-tt). 

2. CONTRIBUTOR 
Karlsruhe Nuclear Research Center (GFK), Karlsruhe. W. Germany. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV: IBM 360. 

4. NATURE OF PROBLEM SOLVED 
The linear, time-independent. Bolumann equation for particle transport is solved for the energy, space, 

and angular dependence of the particle distribution in one-dimensional slabs, cylinders, and spheres. 
Independent source or eigenvalue (multiplication, time absorption, element concentration, zone thickness 
or system dimension) problems are solved subject lo vacuum, rcfleclivc. or periodic boundary conditions. 

5. METHOD OF SOLUTION 
DTF-IV is designed to solve, by the methods of discrete ordinates (Carlson S.v). the multigroup. 

one-dimensional (plane, cylinder, sphere) Bolumann transport equation. Anisotropic scattering is 
represented by Lcgcndrc polynomial expansion of the differential scattering cross section. A complete 
energy-transfer scattering matrix is allowed for each Lcgcndrc component of scattering cross-section 
matrices. 

Energy dependence is treated by the muttigroup approximation and angular dependence by a general 
discrete ordinates approximation. Anisotropic scattering is approximated by a truncated spherical 
harmonics expansion of the scattering kernel. Within-group scattering and up-scattering (if any) iteration 
processes arc aecelcrated by system-wide rcnormalization procedures. 

General anisotropic scattering capability is provided in each of the three geometries, up-scattering 
convergence acceleration is used, an optional group- and point-wise convergence test is available, and a 
neutron conserving negative flux correction routine is used. 

DTK differs from DTF-IV in that: the input has been simplified: a new nonconstant initial source has 
been built in; a variety of buckling options has been incorporated; Tchebychew extrapolation has been built 
in for the outer iterations; and capability of passing fluxes from one case to another has been added. If 
either S.v-order or the number of mesh-points do not agree, DTK is able to interpolate. The Karlsruhe 
NUSYS cross scction codc system is not in the package. 

PSR-86/GAMLEG provides cross sections for photon transport problems in a form suitable for input 
to DTK. 

6. RESTRICTIONS OR LIMITATIONS 
None. 

7. TYPICAL RUNNING TIME 
Running time depends on the number of groups, the number of space points, the order of angular 

approximation, the precision desired and the initial guess. 

8. COMPUTER HARDWARE REQUIREMENTS 
DTK was developed on the IBM 360/50. It is also operable on the IBM 360/75/91 system. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. A nonstandard timing subroutine is included in the package. 
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10. REFERENCE 
C. Gunther, W. Kinnebrock, The DTK One-Dimensional Transport Program, KFK-Bericht 1381, 

EURFNR-927 (March 1971). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/ EBCDIC card images, plus output from sample problem written in 
list format; total records 3486. 

12. DATE OF ABSTRACT 
February, 1974; updated July 1975. 

KEYWORDS: DISCRETE ORDINATES; NEUTRON; GAMMA-RAY; ONE-DIMENSION; 
MULTIGROUP 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
ARC: Aircraft Radiation Transport Code, Crew Dose Calculation. 

AUXILIARY ROUTINES 
MEVDP: Modified Elemental Volume Dose Program (to compute the ray array for the aircraft using 

the extended form of subroutine ORDER). 

MEVDP is a modified version of CCC-157/MEVDP. CCC-I79/ATR is a useful related code/data 
package. 

2. CONTRIBUTOR 
Radiation Research Associates, Inc., Fort Worth, Texas. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
ARC is a radiation transport program which calculates the effectiveness of the shielding provided by 

an aircraft while performing either a constant g maneuver or a constant radius turn maneuver in the vicinity 
of a nucler weapon detonation. ARC computes the radiation doses (in rads) at an inside detector for 
neutrons, secondary gamma rays, and fission product gamma rays. ARC computes the delayed 
fission-product gamma-ray dose inside the aircraft as a function of time after detonation. The problem is 
continued until certain specified cut-off parameters are reached. If the aircraft is intercepted by the shock 
front, the time of arrival and peak overpressure are printed. 

5. METHOD OF SOLUTION 
ARC computes the aircraft position and the resulting radiation dose by proceeding through several 

incremental time steps and accumulating the dose over these steps. Thus the code uses a numerical 
integration scheme to evaluate the radiation at the aircraft (both initial radiation and fission product or 
delayed radiation), and the resultant doses. 

There is an option to use the neutron and secondary gamma-ray output from the CCC-I79/ATR code 
rather than the built-in neutron and secondary gamma-ray environment from a TN source. 

6. RESTRICTIONS OR LIMITATIONS 
The problem begins at time t = 0.0, and all events must occur after this time. The aircraft maneuver 

can begin before the detonation, however. ARC assumes a uniform air density equal to the value read in. 
No correction is made for non-uniform air. The user is expected to input an average air density applicable 
to the altitudes expected in the problem. This should not result in large errors for most problems of interest. 

7. TYPICAL RUNNING TIME 
The sample problem provided with program ARC was run by the contributor on a CDC 6600, IBM 

360/40 and IBM 370/165 for comparison purposes. 

To execute 
sample problem 

CDC 6600 
IBM 360/40 
IBM 370/165 

Time 

2.2 System Seconds 
140 Clock Seconds 
2 Seconds (CPU + IO) 

To compile 
program ARC: 

CDC 6600 
IBM 360/40 
IBM 370/165 

Time 

28.2 Seconds 
580 Clock Seconds 
14 Seconds (CPU+IO) 

8. COMPUTER HARDWARE REQUIREMENTS 
The packaged version runs on the CDC-6600. 
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9. COMPUTER SOFTWARE REQUIREMENTS 
Extended C D C FORTRAN compiler was used for packaged code. Changes required for IBM 

conversion are included in the package but were not implemented by RSIC. 

10. REFERENCES 
u. Included in package: 

L. G. Mooney, C. W. Marslctt, and R. L. Swanson, Aircraft Radiation Code: ARC, DNA 3II0F; 
AD 763751 (April 1973). 

b. Background information: 
(1) B. Liley and S. C. Hamilton, Modified Elemental Volume Doie Program (MEVDP). 

AFWL-TR-69-68, (August 1969). 
(2) R. J . Kurds, Jr . , J . A. Lonergan, and L. Huszar, Models of Radiation Transport in Air—The A TR 

Code, DNA 28031 (May 1972). 
(3) Louis Huszar, Lonnie J . Nesseler, and William A. Woolson, User's Guide to Version 2 of ATR (Air 

Transport of Radiation), DNA 3144Z (SAI-73-534-LJ) (April 1973). 

11. CONTENTS OF CODE PACKAGE 
Included are the packaged document and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD/ EBCDIC card images, plus output from sample problem written in 
list format; total records 4969. 

12. DATE OF ABSTRACT 
August 1973; updated July 197S. 

KEYWORDS: KERNEL; NUMERICAL INTEGRATION; NEUTRON; GAMMA-RAY; AIR; 
WEAPONS RADIATION; COMPLEX GEOMETRY; TIME-DEPENDENT; 
RADIATION ENVIRONMENT 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
REST: Fission Product Inventory Codc with Fission Product Escupc Model. 

AUXILIARY ROUTINES 
REST I: Fission Product Activity and Dccav Rate Calculation—Fission/ Without Escape. 
REST 2: Fission Product Activity and Decay Rate Calculation—Fission and Fiuion Product n-y 

Activation/Without Escape. 
REST 3: Fission Product Activity and Dccay Raic Calculation—Fission Product Escapc Model. 

2. CONTRIBUTOR 
Karlsruhe Nuclear Research Center (CFK), Karlsruhe. W. Germany. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
The REST scries were designed for the calculation of the fission product decay heat sourcc within a 

nuclear reactor. A BWR is used as a model for the calculations. 

5. METHOD OF SOLUTION 
Numerical techniques are used throughout a series of calculational steps: the time intervals for the 

desired steps of equal reactor power; the fission rate integrated over each time step corresponding to the 
thermal reactor power input; equation coefficients are determined (REST 2 uses a matrix—REST 3 
calculates along the isobars) and used for the activity and dccay energy calculations, etc., until the inventory 
is complete. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
The following running times were noted while testing REST on the IBM 360/91: 

REST I 4.27 seconds 
REST 2 10.02 seconds 
REST 3 7.65 seconds 

8. COMPUTER HARDWARE REQUIREMENTS 
REST runs on the IBM 360/91 computer; maximum core used, 462K. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN H compiler is required. Plotting options require provision of routines not in current 

package. 

10. REFERENCE 
E. Waibel, REST: Program for Calculating the Fission Product Activity and Decay Rate after 

Variable Reactor History in Two Coupled Systems, Taking into Account Fission Product Escape, KFK. 
"79; ORNL-tr-271 (April 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 13992. 
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12. DATE OF ABSTRACT. 
October 1975. 

KEYWORDS: FISSION PRODUCT INVENTORY 
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RSIC CODE PACKAGE CCC-206 

1. NAME A N D TITLE 
GAMMOM-I: Gamma-Ray Moments Method Code. 

AUXILIARY ROUTINES 
NPOINT: Data Fitter 
NSLANT: Data Fitter 

GAMMON-I is a descendant of the GRMM portion of CCC-I35/GAMMOM. 

2. CONTRIBUTOR 
Center for Radiation Research, National Bureau of Standards, Washington, D.C. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; UNIVAC 1108 (A) and IBM 360 (B). 

4. NATURE OF PROBLEM SOLVED 
The code calculates the moments of the energy fluence from a plane source of gamma rays in an 

infinite medium. 

5. METHOD OF SOLUTION 
Each moments equation is an integral equation involving the function E$„/(E) of energy for a 

particular spatial index n and angular index I. The equation is solved by numerical procedures. The source 
term is completely specified for n=0; for n^O, it may be regarded as known if the equations are solved in an 
appropriate succession of increasing n. Gaussian integration is used over part of the scattering integral 
term. 

The auxiliary routines fit moments for point, plane isotropic, and plane slant sources. GAMMOM-I is 
concerned only with the calculation of moments. The SPENCER portion of CCC-135/GAMMON may be 
used for constructing functions from the moments. However, some manipulation of the output from 
GAMMOM-1 is necessary before using it as input to SPENCER. The auxiliaty routines NPOINT and 
NLSLANT are designed to be compatible with the output f rom GAMMOM-I . 

6. RESTRICTIONS OR LIMITATIONS 
For routine use on the UNIVAC 1108 (55K words available storage) the number of energies for which 

moments are calculated is limited to 200 and the number of (n,l) combinations is limited to 121. 

7. TYPICAL RUNNING TIME 
On the UNIVAC 1108, the running time for a single source energy, ISO solution energies and 78 (n,l) 

combinations is about 2 minutes. The running time is roughly proportional to the number of solution 
energies. It is approximately proportional to the maximum number LS of Legendre coefficients of the cross 
section required for the calculation. 

The sample problem executed on the IBM 360/91 in 2 minutes. 

8. COMPUTER HARDWARE REQUIREMENTS 
A UNIVAC 1108 or IBM 360 computer with a t least 3 additional storage devices is required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. Overlay feature required for UNIVAC version only. 

10. REFERENCE 
Charles M. Eisenhauer, George L. Simmons and Lewis V. Spencer, A Gamma Ray Moments 

Computer Code, GAMMOM-I. NBS Technical Note 766 (April 1973). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD/ EBCDIC card images, plus output from sample problem written in 
list format; total records 2811. 

12. DATE OF ABSTRACT 
November 1973; updated July 1975. 

KEYWORDS: GAMMA-RAY; MOMENTS METHOD; INFINITE MEDIUM; ONE-DIMENSION 
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RSIC CODE PACKAGE CCC-206 

1. NAME AND TITLE 
ENEDEP: Energy Deposition Code for GE 265 Time Sharing System. 

2. CONTRIBUTOR 
Hughes Aircraft Company, El Segundo, California. 

3. CODING LANGUAGE A N D COMPUTER 
Extended Basic (PDP-10); GE 265. 

4. NATURE OF PROBLEM SOLVED 
This code is designed to provide first order approximate treatment of gamma radiation effects in 

laminated materials, based on idealized simple and good geometry. Multiple collision and scattering events 
are not included in the analysis. 

5. METHOD OF SOLUTION 
Calculation is based on numerical integration of the 'Kroduct of mass absorption coefficients and local 

fluence in all energy level ranges. 

6. RESTRICTIONS OR LIMITATIONS 
The simple geometry assumption must be kept in mind in assessing applicability of the calculation. 

7. TYPICAL RUNNING TIME 
About 80 seconds of calculation time is required on time share computing terminals for one set of 

fluence and equivalent blackbody temperature. 

8. COMPUTER HARDWARE REQUIREMENTS 
The code runs on the GE 265 time sharing computer system. 

9. COMPUTER SOFTWARE REQUIREMENTS 
ENEDEP is written in Extended Basic language, compatible with the GE 265 Time Sharing System. 

10. REFERENCE 
C. C. Wan, A Simple Code for Use in Shielding and Radiation Dosage Analyses. NASA-TM-X-2440, 

p. 387-91 (January 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains source program and 

data for QUARTZ/SILICON/QUARTZ/PLATINUM, GOLD, and B1SMUTH/TELLURIDE; total 
records 193. 

12. DATE OF ABSTRACT 
July 1975. 

KEYWORDS: GAMMA-RAY; KERNEL; ONE-DIMENSION; SLAB; INTERACTIVE: BASIC 
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RSIC CODE PACKAGE CCC-228 

1. NAME AND TITLE 
SPAR: Calculation of Stopping Powers and Ranges for Muons, Charged Pions, Protons and Heavy 

Ions. 

2. CONTRIBUTOR 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360 (A) and CDC 6600 (B). 

4. NATURE OF PROBLEM SOLVED 
SPAR computes the stopping powers and ranges for muons, pions, protons, and heavy ions in any 

nongaseous medium at energies from zero to several hundred GeV. 

5. METHOD OF SOLUTION 
A different calculational procedure is used to compute the stopping powers in each of three (/},?.) 

legions, where fi is the speed of the particlc relative to the speed of light and z is the nuclear charge of the 
particle. The procedures are described in the code document. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
Typically, about one second running time on the IBM 360/91 is required to compute stopping powers 

and ranges at about 100 energy points for one stopping medium. The packaged sample problem executed in 
10 seconds on the IBM 360/91. 

8. COMPUTER HARDWARE REQUIREMENTS 
SPAR runs on the IBM 360/91 with standard l-O using 96K storage in the GO step. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
T. W. Armstrong and K. C. Chandler, SPAR. A FORTRAN Program for Computing Stopping 

Powers and Ranges for Muons. Charged Pions. Protons, and Heavy Ions, ORNL-4869 (May 1973). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 3327. 

12. DATE OF ABSTRACT 
October I97S. 

KEYWORDS: STOPPING POV/ER; RANGE; CHARGED PARTICLES; MESON; PROTON; 
HEAVY IONS 
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RSIC COD. ..iCAGE CCC-229 

1. NAME AND TITLE 
KRONJC: Calculation of Annual Average External (Beta and Gamma Radiation) Doses from 

Chronic Atmospheric Releases of Radionuclides. 

2. CONTRIBUTORS 
Occupational and Environmental Safety Department, Battelle Pacific Northwest Laboratories, 

Richland, Washington (version A) and Ralph M. Parsons Company, Pasadena, California (version B). 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; UNIVAC 1108 (A) and CDC CYBER-74 (B). 

4. NATURE OF PROBLEM SOLVED 
KRONIC calculates the annual average beta and gamma doses resulting from chronic release of 

radionuclides to the atmosphere. The dose calculations are performed for each sector about the release 
point and use joint frequency of occurrence data for atmospheric stability and wind speed. 

5. METHOD OF SOLUTION 
The infinite medium model is used for beta rays and kernel integration for gamma rays. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
No check was made on typical running time. 

8. COMPUTER HARDWARE REQUIREMENTS 
KRONIC was written for the UNIVAC 1108 and made operable on the CDC CYBER-73. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
D. L. Strenge and E. C. Watson, KRONIC—A Computer Program for Calculating Annual Average 

External Doses from Chronic Atmospheric Releases of Radionuclides, BNWL-B-264 (June 1973). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code, data 

libraries and sample problems input written in BCD/ EBCDIC card images, plus output from sample 
problems written in list format; total records 5308 (A), 7277 (B). 

12. DATE OF ABSTRACT 
July 1975. 

KEYWORDS: ENVIRONMENTAL DOSE; RADIOLOGICAL SAFETY; KERNEL; AIRBORNE 
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RSIC CODE PACKAGE CCC-230 

1. NAME AND TITLE 
TRIPLET: Two-Dimensional, Multigroup, Triangular Mesh, Planar Geometry, Explicit Discrete 

Ordinates Code. 

TRIPLET is based in large part on the two-dimensional orthogonal mesh codc TWOTRAN-U 
(CCC-222) which is an improved version of the TWOTRAN program (CCC-195). 

2. CONTRIBUTOR 
Los Alamos Scientific Laboratory, Los Alamos, New Mcxico. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 7600 (A), CDC 6600 (B), and IBM 360 (C). 

4. NATURE OF PROBLEM SOLVED 
TRIPLET solves the two-dimensional multigroup transport equation in planar geometries using a 

regular triangular mesh. Regular and adjoint, inhomogeneous and homogeneous (k,» and eigenvalue 
searches) problems subject to vacuum, reflective or source boundary conditions are solved. General 
anisotropic scattering is allowed and anisotropic distributed sources are permitted. 

5. METHOD OF SOLUTION 
The discrete ordinates approximation is used for the angular variables. A finite element method in 

which the angular flux is assumed to be given by a low-order polynomial in each triangle is used to solve 
the discrete ordinates equations. Angular fluxes are allowed to be discontinuous across triangle boundaries, 
and the order of the polynomial is input data to the code. Both inner (within-group) and outer iteration 
cycles arc accelerated by either system or fine mesh rebalance. 

Sources, fluxes. S„ constants, and cross sections may be input from standard interface files. Creation of 
standard interface output files for S„ constants and scalar and angular fluxes is optional. All binary data 
transfers are localized in subroutines called REED and RITE. Flexible edit options, including dumps and 
restart capability, are provided. 

6. RESTRICTIONS OR LIMITATIONS 
Variable dimensioning is used so that any combination of problem parameters leading to a container 

array less than MAXLEN can be accommodated. On CDC machines MAXLEN can be about 40,000 words 
and peripheral storage is used for most group-dependent data. On IBM machines TRIPLET will execute in 
single precision (4 bytes per word) so that MAXLEN can be several hundred thousand and most problems 
can be core contained. 

7. TYPICAL RUNNING TIME 
A six group. Si, 1700 triangle, k,// calculation of an EBR-II core requires about 4.4 minutes of 

CDC-7600 time. Running times vary almost linearly with the total number of unknowns. 

8. COMPUTER HARDWARE REQUIREMENTS 
Six output (scratch) units, five interface units (use of interface units is optional), and two system 

input/ output units are required. A large bulk memory is necessary if core storage is inadequate, as on the 
CDC machines. The GO step required 610K. bytes of storage on the IBM 360/91. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. OVERLAY is necessary on the IBM 360. 

10. REFERENCE 
William H. Reed, T. R. Hill, F. W. Brinkley, and K. D. Lathrop, TRIPLET, A Two-Dimensional 

Multigroup Triangular Mesh Planar Geometry, Explicit Transport Code. LA-5428-MS (October 1973). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code .UHI 

sample problem input written in BCD/ EBCDIC card images, plus output from sample problem written m 
list format; total records 22,784 (A), 22.785 (B). and 23,234 <C). 

12. DATE OF ABSTRACT 
July 1975. 

KEYWORDS: NEUTRON: GAMMA-RAY: DISCRETE ORDIN A IKS; M i l . 1 ICiROl I': 
TRIANGULAR MESH; TWO-DIMENSION; FINITK El.EM I N I 
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RSIC CODE PACKAGE CCC-231 

1. NAME AND TITLE 
FRCRL2: Calculation of Fission-Product Release in Reactor Accident Analyses. 

2. CONTRIBUTOR 
Battcllc Columbus Laboratories. 

3. CODING LANGUAGE AND COMPUTER 
CDC 6400; FORTRAN IV. 

4. NATURE OF PROBLEM SOLVED 
The code calculates the cumulative fractional release of fission products from nuclear reactor fuel 

under postulated loss-of-coolant accident conditions. The mathematical model for release is based on 
simple volume diffusion theory and the equivalent-sphere approximation of fuel porosity. Both the 
operational preaccident release component and the accident core thermal transient-induced release 
component are calculated. Detailed core temperature data are needed to make the latter set of 
computations. In addition, specific core power distribution factors and fission product diffusion parameters 
must be supplied. 

5. METHOD OF SOLUTION 
Analytical solutions to the conventional problem of one-dimensional diffusion from a sphere are used. 

For the preaccident release component uniform conditions are assumed over the period of reactor 
operation. Parabolic radial temperature profiles for the fuel pellets are computed and used to define five 
radial temperature /.ones for each core segment. From this the corresponding set of dimensionless release 
parameters are calculated for insertion in the analytical solutinon. For the accident release component the 
change in temperature versus time is considered by incrementally modifying the dimensionless release 
parameters for each of the core segments. 

6. RESTRICTIONS OR LIMITATIONS 
The calculation is limited to maxima of 12 fission product species, 10 radial core regions, and 11 axial 

core regions. Also, four separate sets of fission product diffusion parameter values must be supplied for 
different temperature ranges or assumed atmosphere conditions. 

7. TYPICAL RUNNING TIME 
Approximately 2 seconds per fission product species per accident time step is required. 

8. COMPUTER HARDWARE REQUIREMENTS 
FRCRL2 runs on the CDC 6400 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
Robert L. Ritzman and David L. Morrison, FRCRL2—A Computer Code for Calculating 

Fission-Product Release in Reactor Accident Analyses, BMI-1913 (August, 1971). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images; total records 351. (Available on magnetic 
tape or cards.) 

12. DATE OF ABSTRACT 
July 1975. 

KEYWORDS: REACTOR ACCIDENT; FISSION PRODUCTS 
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RSIC CODE PACKAGE CCC-232 

1. NAME AND TITLE 
CYCiNUS-C SPHERE: Monte Carlo Neutron Transport Code in Spherical Geometry. 

2. CONTRIBUTOR 
Department of Engineering. Kyoto University, Japan. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
This code calculates the neutron energy-angular distribution in an homogeneous sphere at the center of 

which there is a volume neutron source, by Monte Carlo method. The monocnergctic or energy-distributed 
neutrons arc assumed to be uniformly distributed in the sourcc and be isotropically emitted from the 
source. 

5. METHOD OF SOLUTION 
This code solves neutron transport problems in a spherical medium by the collision density Monte 

Carlo method. The Coveyou technique was adopted for selecting neutron elastic scattering angles. 

6. RESTRICTIONS OR LIMITATIONS 
The thermal neutron cannot be treated with this code. The energy range to be calculated is equal to 

that of the cross section data. The energy mesh points of the cross section data arc within 410 points. This 
code is presently limited to 5 elements in one medium. 

7. TYPICAL RUNNING TIME 
About 12 minutes is required in 20,000 histories for a graphite of 80-cm radius and the energy cutoff of 

500 keV. 

8. COMPUTER HARDWARE REQUIREMENTS 
An IBM 360 computer is required. The code uses 52K of storage. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
Hideo Hirayama and Takashi Nakamura, Monte Carlo Calculation of Neutrons Transmitted through 

Matter, Memoirs of the Faculty of Engineering, Kyoto University, Vol. XXXIV, Part 2, 187-204 (April 
1972). 

Takashi Nakamur;', Hideo Hirayama, Seiji Nishino and Tomonori Hyodo, Spacial Distribution of 
Photoneutrons in an Iron Slab Produced by 20-MeV Electron Bombardment, Memoirs of the Faculty of 
Engineering, Kyoto University, Vol. XXXVI, Part I, 60-69 (January 1974). 

E. J. McGrath and D. C. Irving, Techniques for Efficient Monte Carlo Simulation: Vol. II—Random 
Number Generation for Selected Probability Distributions—Appendix B, MI RAN—A Machine 
Independent Package for Generating Uniform Random Numbers, ORNL-RSIC-38, Vol. II 
(SAI-72-590-LJ) (April 1975). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 2605. 
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12. DATE OF ABSTRACT 
July 1975. 

KEYWORDS: NEUTRON; MONTE CARLO; SPHERICAL GEOME TRY 
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RSIC CODE PACKAGE CCC-233 

1. NAME AND TITLE 
CRYSTAL BALL: A Computer Program for Determining Neutron Spectra from Activation 

Measurements. 

2. CONTRIBUTOR 
Oak Ridgo National Laboratory', Oak Ridge, Tennessee, 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
CRYSTAL BALL is designed to unfold a neutron energy spectrum from measurements using a set of 

monitors irradiated in a reactor environment. 

5. METHOD OF SOLUTION 
CRYSTAL BALL uses a new method for the determination of neutron spectrum from activation 

measurements. The method is based on direct approximation of Dirac's delta operator by linear 
combination of integral operators. Test cases using experimental data have demonstrated that the method is 
highly stable unless unrealistically low convergence criteria are imposed. Numerical games indicated that 
the solution is relatively insensitive to the choico of the initial guessed spectrum except where the energy-
ranges are poorly covered by the cross sections. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
About 5 seconds per iteration is required lor a set of 20 monitors. 

8. COMPUTER HARDWARE REQUIREMENTS 
An IBM 360 computer is required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
F. B. K. Kam and F. W. Stallmann. CRYSTAL BALL. A Computer Program for Determining Neutron 
Spectra from Activation Measurements, ORNL-TM-4601 (June 1974). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code, 

cross sections and sample problem input written in BCD/ EBCDIC card images, plus output from sample 
problem written in list format; total records 10.110. 

12. DATE OF ABSTRACT 
October 1975. 

KEYWORDS: UNFOLDING; ACTIVATION DETECTOR; NEUTRON 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
SCORE-3: Multigroup Removal Diffusion Theory Shielding Code for X-Y and \i-Z Geometries 

wiih Inset Boundaries. 

AUXILIARY ROUTINE 
TAI'EJrtAKER: Data Processor. t ' 

2. CONTRIBUTOR 
United Kingdom Atomic Energy Authority. Risley, Lancashire. England through the OECD Nuclear 

Energy Agency's Computer Programme Library. Ispra (Varesc). Italy. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN: IBM 360. 

4. NATURE OF PROBLEM SOLVED 
SCORE is an interactive neutron cross section evaluation system. 

5. METHOD OF SOLUTION 
SCORE-3 can retrieve experimental cross section data and display it on an active graphics console. It 

can do bookkeeping operations by option selection at the console. It can evaluate data analysis modules 
which permit the production of evaluated data curves or resonance parameters. The evaluated data curve 
module includes linear, cubic spline, or least squares cubic spline curve generation. The resonance analysis 
module permits single-level, Reich-Moore or Adler multilevel analysis. 

6. RESTRICTIONS OR LIMITATIONS 
SCORE can display up to 500 experimental data points with their associated error bars. Up to 2 

smooth curves may be overlayed on a display of experimental data points. Each curve is restricted to 150 
points. 

7. TYPICAL RUNNING TIME 
No time check was made by RSIC. 

8. COMPUTER HARDWARE REQUIREMENTS 
SCORE-3 runs on the IBM 360, 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
B. L. Richardson. SCORE-3. A Multigroup Removal Diffusion Theory Shielding Code for X-Y and 

R-Z Geometries with Inset Boundaries. Informal document . 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem written in list format; total records 17,251. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: NEUTRON; REMOVAL-DIFFUSION; SPINNEY METHOD; MULTIGROUP: 
TWO-DIMENSION 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
INAP: Improved Neutron Activation Prediction Code Systems. 

AUXILIARY ROUTINES 
DOT: Discrete Ordinates Neutron Transport Module—Flux Generation for Engineering System. 
NAPK: Activation and Decay Chain Module—Source Generation for both systems. 
KAPV: Kernel Integration Gamma-Ray Shielding Module for Engineering System. 
FASTER: Monte Carlo Neutron Transport and Gamma-Ray Shielding Module for Optional 

Accurate System. 

The NAPK part of this code package originated as NAP (CCC-101) which was developed by UT 
Research Institute for NASA/MSFC. It was later modified by NASA/LRC and became CCC-164/NAC. 
CCC-235 contains two code systems: an "Engineering System" which was developed by modifying and 
integrating into a system DOT (CCC-89), NAP, KAPV (CCC-94) to be used for survey and preliminary 
design and an "Accurate System" to be used for final design evaluation. The "Accurate System" includes a 
modified FASTER (CCC-98) and NAPK. 

2. CONTRIBUTORS 
NASA Marshall Space Flight Center, Huntsville, Alabama, and TRW Systems Group, Redondo 

Beach, California. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; UNIVAC 1108. 

4. NATURE OF PROBLEM SOLVED 
1NAP computes the gamma spectrum, cumulative dose and dose rate at a given detector point 

generated from a given activation point after transport through complex structural geometry. The 
activation level at the activation point is computed from a given neutron source distribution after transport 
through other complex structural geometries. The neutron source may be volume distributed or an incident 
angular flux. Both the cumulative dose and/or dose rate may be determined at specified detector locations. 
Neutron and gamma-ray transport is time independent. The time dependence of the dose rate is determined 
by the NAP program through the power history of the neutron source and the decay rates of the 
radioactive parents and daughters in the various decay chains produced by neutron activation. 

5. METHOD OF SOLUTION 
INAP is comprised of three computational modules. The first program module computes the spatial 

and energy distribution of the neutron flux from an input source and prepares input data for the second 
program which performs the reaction rate, decay chain and activation gamma source calculations. A third 
module accepts input prepared by the second program to compute the cumulative gamma doses and/or 
dose rates at specified detector locations in complex, three-dimensional geometries. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
No check was made on computing time for INAP. 

8. COMPUTER HARDWARE REQUIREMENTS 
INAP runs on the UNIVAC 1108. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 
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10. REFERENCES 
R. M. Saqui, R. M. Webb, and D. Richmond, Improved Neutron Activation Prediction Code System 

Development: Final Report, NASA CR-1905 (November 1971). 
David A. Klopp, Prediction of Neutron Induced Activation, Volume I—NAP Code Manual. 

11TRI-A6088-2I (January 1966). 
David A. Klopp. Prediction of Neutron Induced Activation, Volume II—NAP: Physical Models and 

Experimental Validation. IITRI-A6088-22. 
David A Klopp, Prediction of Neutron Induced Activation, Volume III—NA P Cross Section Library. 

IITR1-A6088-23. 
David A. Klopp, Prediction of Neutron Induced Activation. Volume IV—NAP Gamma Radiation 

Library. 11TR1-A6088-24 (January 1966). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes, 

cross sections, data for sample problems written in BCD/EBCDIC card images, plus output from sample 
problems written in list format; toatal records 22,520. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: NEUTRON; ACTIVATION; GAMMA-RAY; ISOTOPE INVENTORY; 
DISCRETE ORDINATES; COMPLEX GEOMETRY; TWO-DIMENSION 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
1NDOS: Conversational Computer Codes to Implement ICR!1-10-1 OA Models for Estimation ol 

Internal Radiation Dose to Man. 

2. CONTRIBUTOR 
Oak Ridge National Laboratory, Oak Ridge. Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; PDP-IO. 

4. NATURE OF PROBLEM SOLVED 
IN DOS computes as functions of time the radiation dose rate and dose to an organ of the body ol 

Reference M:in resulting from a deposition in the organ of a specified quantity of any one of a number ol 
radionuclides. The models employed are essentially those of Publications 10 and lOAof the International 
Commission on Radiological Protection (ICRP); the three basic models assume excretion rates which are. 
respectively, (I) exponential, (2) power function, and (3) a combination of the two. The two patterns of 
intake simulated are: 
a. i!»,,,(, „„„<,.. At specified times 0 ^ ti < t: < ... < t.v. amounts 

ai, a;, .... a \ . respectively, of the radionuclide are taken into the body and result in corresponding 
depositions in the reference organ. The t, are measured n days and the a, in microcuries. 

b. Initial burden plus a continuous subsequent intake at a specified constant rate. Initially the burden of 
the radionuclide in the body is the quantity a microcuries (a is a nonnegalive number). Throughout the 
period of observation the body experiences a continuous intake at the constant rate of c microcuries per 
day (e is a nonnegative number). 

INDOSI depends entirely on input by the user, whereas 1NDOS2 and INDOS3 access on-line 
data-base files for parameter values associated with the radionuclide and organ under study. INDOSI 
provides oni • tabular output of dose rale (rems/day) and dose (rems) as functions of time. INDOS2 offers 
the foregoing tabulation and graphs of dose vs time. 1NDOS3 gives only punched-card output of organ 
burden and dose as functions of time. INDOS2 and 1NDOS3 consider two modes on intake: inhalation and 
ingestion. 

5. METHOD OF SOLUTION 
Routine evaluations of closed-form solutions of the differential equations which define the models are 

usfd. The power-function models require the calculation of integrals of the form 

S t: t, e'1 t" dt (0 < n < 1). 

Standard numerical methods are employed to approximate these integrals. Any portion of the range of 
integration beyond t = 65 is truncated and an asterisk is printed in the table to signal such truncation. 

In general, if the input data and parameter values are assumed cxact, six-significant-digit accuracy is 
believed to be obtained when the supporting machine precision is eight decimal digits. 

6. RESTRICTIONS OR LIMITATIONS 
User-entered inputs are checked for gross errors (t\ g„ negative or zero values of quantities that must 

be positive). When such are detected, a message is typed, and the user is given the opportunity to enter 
corrected information. No checking of information rend from the direct-access data-base file (1NDOS2 and 
INDOS3) is done. 

The user is not protected fiom the accidental specification of an excessive number of lines of tabulation 
(INDOSI and 1NDOS2). 

The INDOS codes have been prepared and tested with the general assumption that time ranges covered 
by the simulations do not exceed 18.250 days; there are, however, no inherent limitations which preclude 
longer ranges. 
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7. TYPICAL RUNNING TIME 
IN OOS runs in approximately 2 minutes. 

8. COMPUTER HARDWARE REQUIREMENTS 
IN DOS runs on the PDP-10 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
G. G. Killough and P, S. Rohwer, IN DOS—Conversational Computer Codes to Implement 

ICRP-I0-I0A Models for Estimation of Internal Radiation Dose to Man, ORNL-49I6 (March 1974). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes and 

sample problem data written in ASCII card images; total records 2888. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: GAMMA-RAY; ON-LINE; INTERNAL DOSE 
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RSIC CODE PACKAGE CCC-237 

1. NAME AND TITLE 
HURP2: Calculation of Buildup and Dccay of Radioactive Fission Products. 

2. CONTRIBUTOR 
Habcock and Wilcox. Atomic Energy Division, Lynchburg, Virginia. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
BURP2 calculates the activity of 237 radioactive fission products for up to 100 consecutive reactor 

operating and shutdown times. Fission products can be allowed to leak from the fuel at any specified rate. 
The activity of each nuclide is calculated in the fuel, coolant, and purification filter system. The total 
gamma-ray source strengths are calculated at each time step in the core, coolant, and purification filter 
system. For each time step, new values may be assigned to the reactor power, thermal neutron flux, fraction 
of the total fissions due to one or two fissioning isotopes, and the coolant and filter cleanup rates. The user 
must assign a filter purification efficiency, a fuel leak rate and a plate out rate for each fission product. 
Removal of fission products by neutron absorption is included in the fuel but not in the coolant or filter. 
The activated fission product is not returned to the fuel. Activation of structural materials is not 
considered. The user has the option of saving his data on tape for further processing. 

5. METHOD OF SOLUTION 
BURP2 obtains the analytical solution of up to 5 coupled differential equations describing the buildup 

and loss of radioactive fission products in a nuclear fuel or reactor system. The fission product 
concentration obtained from these equations are used to calculate activities and gamma-ray source strength. 
Gamma ray yields for six energy groups; fission yields for 255U; ' "Pu , and "*U; thermal absorption cross 
sections; branching fractions; and decay constants are internally stored in the program. 

6. RESTRICTIONS OR LIMITATIONS 
Parameters are limited as follows: number of purification and leak rate tables v24u 5, number of time 

steps < 100, number of photon energy groups = 6. 

7. TYPICAL RUNNING TIME 
No time check was made by RSIC. 

8. COMPUTER HARDWARE REQUIREMENTS 
BURP2 runs on the CDC 6600 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
J. B. Perry and J. M. Alcorn, BURP—A Computer Program for Calculating Buildup and Decay of 

Radioactive Fission Products, (November 1966). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code, 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 2150. 

12. DATE OF ABSTRACT 
May 1974; updated August 1975. 

KEYWORDS: FISSION PRODUCT; GAMMA-RAY SOURCE 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
CARNAC: Calculation of Flux and Neutron Spectra in the Case of Criticality Accident. 

2. CONTRIBUTOR 
Radiological Protection Studies Section, Nuclear Safety Department, Nuclear Research Center, 

CEA/CEN, Saclay, France. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
CARNAC was designed to evaluate the dose received by personnel after a criticality accident, 

especially for neutrons, by determining the neutron radiation field at the spot. The flucnce and spectrum of 
neutrons at a point are calculated and a maximum dose of corresponding irradiation is estimated. 

5. METHOD OF SOLUTION 
Two codes (CRITIC and NARC1SSE) are combined into one system to perform the calculations. 

CRITIC, using a method based on the FERMI age theory, evaluates the number of neutrons per fission 
emitted from a moderated critical assembly and its energy spectrum. NARCISSE, using a method based on 
the albedo, studies the reflection from the walls and determines the flux and the spectrum at any point and 
its energy distribution. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
The calculating time varies significantly only with the fineness of division of the walls into panels, 

especially where the second reflection is concerned. Because the convergence of the results is quite rapid, it 
is generally sufficient to divide each of the three edges of the space into 100 equal parts for the first 
reflection and into 12 equal parts for the second reflection. CARNAC then requires less than 3 minutes on 
the IBM 360/91. 

8. COMPUTER HARDWARE REQUIREMENTS 
CARNAC was designed for the IBM 360/91, requiring only 100K of memory. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
Joseph Bessis, Rapid Method of Calculating the Flux and Neutron Spectra in the Case of a Criticality 

Accident (Computer Code CARNAC). ORNL-tr-2825 (CEA-N-1612, May 1973). 
J. Bessis and M. de Mareuil, Use of CARNAC Calculation Program. ORNL-tr-2822 

(CEA-SESR-N-05, March 1973). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code, 

sample problem input written in BCD/ EBCDIC card images, and output from the sample problem written 
in list format; total records 2234. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: REACTOR ACCIDENT; NEUTRON 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
LGH-G: Calculation of Gamma Radiation Through Partially Shielded Gaps (Buildup Factor Method 

in Taylors Approximation). 

2. CONTRIBUTOR 
Gesellschaft fur Kernenergieverwertung in Schiffbau und Schiffahrt mbH (GKSS), 

Hamburg—Geesthacht, Germany. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
The flux, dose rate or related quantities resulting from a plane infinite source with cos"-distribution is 

calculated at points behind a plane two layer shield, one layer penetrated by a cylindrical duct. The duct 
may be adjacent to the source or the observation point. Method is kernel integration with 
Taylor-approximation for build-up factor. 

5. METHOD OF SOLUTION 
The integration is done analytically as far as possible and numerically by application of Simpson's rule. 

By dividing the mesh intervals successively by two, a predefined accuracy will be obtained. 

6. RESTRICTIONS OR LIMITATIONS 
No restrictions or limitations. 

7. TYPICAL RUNNING TIME 
Compilation requires 21 seconds. To calculate a 2-material shielding problem without build-up factor. 

6 seconds are required for one point on shielding surface. With build-up factor 18 seconds arc required on 
TR 440. 

8. COMPUTER HARDWARE REQUIREMENTS 
LGH-G runs on the IBM 360. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
R. Fiebig and P. Rybaczok, LGH-G. A Program for the Calculation of Gamma Radiation Through 

Partially.Shielded Gaps. ORNL-tr-2831 (GKSS 73/E/17) (1973). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 2030. 

12. DATE OF ABSTRACT 
October 1974; updated August 1975. 

KEYWORDS: GAMMA-RAY; KERNEL 



234.1 

RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
CAMERA and CAM: Radiation Transport Analysis Code and the Computerized Man (CAM) Model. 

2. CONTRIBUTORS 
McDonnell Douglas Astronautics Company, Huntington Beach, California and NASA Johnson Space 

Flight Center, Houston, Texas. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC CYBER-74. 

4. NATURE OF PROBLEM SOLVED 
The CAM model was developed for use in analyzing the radiation dose absorbed by man. The 

CAMERA program was developed to perform analyses with the model. Among the capabilities of 
CAMERA are combining subgeometry models, performing error tests on geometric models, tracing rays 
through the geometry, placing results on magnetic tape in various forms, collapsing ray-tracing information 
to areal density distributions, and preparing cross section view plots. Proton dose calculations are 
performed by direct input of CAMERA areal density results into the SIGMA program. The CAMERA 
program has been used in conjunction with SIGMA to analyze space velrcle shielding effectiveness, as well 
as for body shielding effectiveness, in space radiation dose studies. 

5. METHOD OF SOLUTION 
The CAM model contains some 1,100 unique quadratic surface equations and 2,450 solid regions. The 

internal body geometry of the organs, voids, bones and bone marrow is explicitly modeled. 
The ray tracing routines used in CAMERA are essentially the same as those used in the FASTER 

(CCC-89). SIGMA (CCC-118). and PATCH (CCC-243) programs. Error tests on the geometry model 
include checking uniqueness of the points specified in the input region descriptions and requiring that each 
ray traccd end on the outer boundary of the system. Erroneous ray tracing results due to overlaps and holes 
in the model are minimized by a CAMERA feature enabling the codc to automatically approximate rays 
through these erroneous regions. Arcal density distributions arc obtained by tallying the total ray lengths 
into logarithmically spaced bins. 

pose point locations in distributed organs such as the bone marrow can be determined by a random 
sampling option. Rays can be traced cither randomly or systematically distributed in solid angle about the 
dose point. 

6. RESTRICTIONS OR LIMITATIONS 
The CAMERA program is entirely variable-dimensioned, so that the problem si/e is limited only by 

the computer core available. The CAM model requires 260K octal words of core. Camera can be used for 
small problems with less than I00K. 

7. TYPICAL RUNNING TIME 
CAMERA traces rays at an average rate of about 5 rays per second on the CDC 6500. 

8. COMPUTER HARDWARE REQUIREMENTS 
CAMERA was written to run on a CDC 6500 with 400K octal words of core. It should be operable 

with minor modifications on most machines using FORTRAN IV, with at least 100K octal core. It uses 
tape and disc files for input, output and scratch. In addition to a printer, options may require use of a card 
punch and an SC4020 plotter. 

9. COMPUTER SOFTWARE REQUIREMENTS 
CAMERA is written entirely in FORTRAN. It runs under a standard SCOPE operating system, with 

the Stromberg Datagraphics. Inc., SC4020 software package. 



BLANK PAGE 
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10. REFERENCES 
a. Packaged 

M. 1'. Billings and W. R. Yucker, The Computerized Anatomical Man (CAMJ Model, MDC 
G4655 (September 1973), 

b. Background Information 
(1) M. P. Billings and W. R. Yucker, A Detailed Geometrical Model of the Human Anatomy, MDAC 

Paper WD 2354 (July 1974). 
(2) W. R. Yucker and M. P. Billings, Body Mass Distributions for Radiation Dose Analysis, Trans. 

Am. Nucl. Soc. (June 1974); also MDAC Paper WD-2245 (June 1974). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code, data 

library and sample problem input written in BCD/EBCDIC card images; total records 18,410. 

12. DATE OF ABSTRACT 
November 1974; updated August 1975. 

KEYWORDS: PHANTOM; RAY-TRACING 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
BMT: A New Moments Solution of the Neutron Transport Equation and Reconstruction of Neutron 

Spatial Distribution. 

2. CONTRIBUTORS 
Oak Ridge National Laboratory, Oak Ridge, Tennessee; Columbia University, New York, New York; 

and Los Alamos Scientific Laboratory, Los Alamos, New Mexico. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

KEYWORDS: NEUTRON; MOMENTS METHOD; INFINITE MEDIUM 

A complete abstract of BMT will be issued as soon as RSIC receives, tests, and packages the new 
version of the code. 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
AIREM: Calculation of Doses, Population Doses, and Ground Depositions Due in Mmu^-mei w 

Emissions of Radionuclides. 

AUXILIARY ROUTINES 
EGAD: Dose Converter. 
ROSEAV: Utility Code. 

2. CONTRIBUTOR 
U. S. Environmental Protection Agency, Washington. 1). C. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
AIREM calculates doses to the general population due to atmospheric emissions of radionuclides. It IN 

dose model independent i;; "he sense that dose conversion factors, provided as input data, are used un 
calculations of dose that are proportional to radionuclide concentrations in the cloud, and dose cuineisioi! 
tables obtained from a model that considers the finite extent of the overhead cloud, also required as input 
data, arc used for calculations of whole body dose due to external gamma emitters in the cloud. A set ol' 
dose tables are obtained using one finite cloud model (EGAD). 

5. METHOD OF SOLUTION 
A standard sector-averaged Gaussian-diffusion equation is solved repeatedly for each radionuclide, 

wind sector, stability class and downwind distance. Radionuclide contributions to doses up to a maximum 
of four critical organs are summed and printed by sector and downwind distance. Population doses 
(person-rem) are also calculated. 

The code accounts for tho following physical processes: cloud diffusion, yiound and insersioii-hd 
reflections, radionuclide decay by time of flight, first daugluer-product buildup, yrowul deposition ol 
particulates and halogens (independently), cloud depletion, in-plant holdup and decontamination lactors. 
and sector-to-sector contributions to external gamma dose. All significant parameters are lully dimensioned 
and stored during a problem run. Thus, it is normally a simple matter lor the user to write out various 
combinations and collations of data as desired. The code is composed of two basic parts: a dillusion 
calculation and a dose calculation. 

ROSEAV is used to reduce wind frequency data in Keg-Guidc-1.23 format to Alltl.M input lorm.u. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
AIREM runs in about 20 seconds on the IBM 360. 

8. COMPUTER HARDWARE REQUIREMENTS 
AIREM runs on the IBM 360. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FOR I RAN IV compiler is required. 

10. REFERENCE 
J . A . Mar t in . J r . . C . B. Nelson, and P. A. C u n y . A Computer Cmlc jor Calculating Doses. Pnpiiluiion 

Doses, ami (irouni/ Depositions Due i<> Atmospheric Emissions <»/' Kailiomicliites. l l 'A-5-l l 1-74-0114 (May 
1974). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes, 

input for sample problems written in BCD/ EBCDIC card images, plus output from sample problems 
written in list formal: total records 4425. 

12. DATE OF ABSTRACT 
October 1975. 

KEYWORDS: ENVIRONMENTAL DOSE; AIRBORNE 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
PATCH-7: Three-Dimensional Kernel Integration Code—Explicit Single Scattering Option. 

2. CONTRIBUTORS 
Radiation Physics Incorporated and McDonnell Douglas Astronautics Company. Huntington Beach. 

California. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC CYBER-74. 

4. NATURE OF PROBLEM SOLVED 
PATCH calculates neutron and gamma-ray intensities in 3-dimensional quadratic surface geometric 

systems using the point kernel method. Source systems can be described as axially symmetric cylindrical 
volume sources or point sources; radiation levels can be determined by integrating point kernel, functions 
over source volumes or by interpolating flux data input in an (R, <j>) grid. Flux contributions from capture 
and scattering events, due to interactions of primary radiation with materials in any region of the geometric 
system, can be calculated. Radiation contributions can be tallied according to the source system from which 
they were emitted and also according to the regions traversed on primary and secondary legs from source to 
detector. The latter data provide information required to optimize the mass distribution of shielding 
materials. A capability to optimize a conical shadow shield is included in the program; more sophisticated 
optimization analyses require use of the region-wise transmission data in a separate optimization 
computation such as described in the reference. 

5. METHOD OF SOLUTION 
Geometry calculations use an early version of the QAD (CCC-48) geometry package used in the 

FASTER (CCC-168), SIGMA (CCC-118), and CAMERA (CCC-240) codes. Neutron attenuation uses a 
modified Albert-Welton kernel with buildup, the buildup factor being dependent on hydrogeneous areal 
density and asymptoting at a value of 25. Gamma-ray attenuation is exponential with buildup. Neutron 
scattering distiibutions are evaluated as isotropic except for hydrogen (which is isotropic in the 
center-of-mass system). Gamma-ray scattering is evaluated from the Klein-Nishina relationships. Secondary 
gamma sources are evaluated from computed neutron fluxes and cross section data provided as input. 
Integrations over source volumes, for both primary and secondary sources use a differential spherical 
volume clement with non-linear spacing along the path through the source volume. 

The tallying of detector contributions by transmission paths or zones can be quite precise. Up to three 
regions can be specified for each zone, each of which must be traversed by either the primary or secondary 
log of the transmission path in order for the incremental contribution to be tallied in the zone. All 
contributions not tallied in an input-specified zone are sorted into a single overflow zone. 

6. RESTRICTIONS OR LIMITATIONS 
Restrictions on problem size are set by dimension statements and hence are easily changed to 

accommodate different types of problems. Current limits are 5 secondary source spectra, 8 response 
functions, 40 materials, 40 elements, 5 gamma groups, 100 surfaces, 100 regions, 5 volume source systems, 
15 point source systems comprised of 75 individual point sources, 15 secondary or scatter source regions, 20 
transmission zones of up to 3 regions each, and 50 detector locations. 

7. TYPICAL RUNNING TIME 
Running times are roughly proportional to product of number of regions, number of primary sources, 

number of secondary sources, and number of detectors. Times are very dependent on type of sources 
(volume, point, flux table interpolation) and requested integration grid for both primary and secondary 
source volumes. 
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8. COMPUTER HARDWARE REQUIREMENTS 
PATCH was designed for a CDC 6500 with 400K octal core. It should be operable with minor 

modifications on most machines using FORTRAN IV with 200K octal core. It requires no auxiliary storage 
devices, nor output devices other than a printer, 

9. COMPUTER SOFTWARE REQUIREMENTS 
PATCH is coded entirely in FORTRAN and runs under a standard SCOPE operating system. 

10. REFERENCE 
No formal code documentation exists. Some methodology is presented in the input instructions and 

some applications are described in the following paper. 
M. P. Billings, An Effective Multiple-Constraint Shield Optimization Technique, MDAC Paper 

WD-1944 (September 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced paper and u reel of magnetic tape which contains the source code and input 

for a sample problem written in BCD/'EBCDIC card images; total records 1987. 

12. DATE OF ABSTRACT 
May 1974; updated August 1975. 

KEYWORDS: NEUTRON; GAMMA-RAY; KERNEL; ACTIVATION; COMPLEX GEOMETRY 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
TRANSPORT: Charged Particle Beam Transport Systems Design Code (First- and Second-Order 

Matrix Multiplication). 

AUXILIARY ROUTINE 
CSECT: Utility routine. 

The original first-order TRANSPORT computer program was written in BALGOL at Stanford Linear 
Accelerator Center (SLAC). The BALGOL version was translated into FORTRAN by Massachusetts 
Institute of Technology (MIT) and later debugged and improved at SLAC. In 1971-72, National 
Accelerator Laboratory (NAL) completely rewrote the program and developed an efficient second-order 
fitting routine using the coupling coefficients (partial derivatives) of muhipole components to the optics. 
This version was implemented at SLAC in 1972 and subsequently carried to CERN in 1972. CERN made 
further contributions to the program structure and improved the convergence capabilities of the first-order 
fitting routines. 

A standard version of the resulting program has now been adopted at SLAC, NAL, and CERN. 

2. CONTRIBUTORS 
National Accelerator Laboratory (NAL), Batavia, Illinois; Stanford Linear Accelerator Center 

(SLAC), California; and CERN, Geneva, Switzerland. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360 and CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
TRANSPORT is a first- and second-order matrix multiplication computer program intended for the 

design of static-magnetic beam transport systems. The present version includes both first- and second-order 
fitting capabilities. 

5. METHOD OF SOLUTION 
The following of a charged particle through a system of magnetic lenses may be reduced to a process of 

matrix multiplication. TRANSPORT truncates the problem to either the first- or second-order in a 
Taylor's expansion about a central trajectory. Numerical techniques are used for the calculations. 

6. RESTRICTIONS OR LIMITATIONS 
TRANSPORT uses 204K. storage on the IBM 360 and 76R on the CDC 6600. The following limits are 

imposed by the program on varying parameters: lengths may not go negative, no quantity may have an 
absolute value greater than 10% pole face rotations of bending magnets are limited to ± 60° (Type 2), and 
the angle of rotation of coordinates is limited lo ± 360° (Type 20). 

7. TYPICAL RUNNING TIME 
The running time of TRANSPORT is of the order of seconds. 

8. COMPUTER HARDWARE REQUIREMENTS 
TRANSPORT runs on the IBM 360 and the CDC 6600. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 
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10. REFERENCE 
K.. L. Brown. R. Rothacker, D. C. Carey, and Ch. Isclin, TRANSPORT, A Computer Program for 

Designing Charged Particle Beam Transport Systems, NAL-91,2041.00, SLAC 91, CERN 73-16 (March 
1974). 

11. CONTENTS OF CODE PACKAGE 
Included arc the referenced document and a reel of magnetic tape which contains the sourcc codes and 

a sample problem input written in BCD/ EBCDIC card images, plus output from sample problem written in 
list format; total records 17,333 (A). 17,246 (B). 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: CHARGED PARTICLES; BEAM TRANSPORT; HIGH ENERGY 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
TIGER: One-Dimensional Multilayer Electron/Photon Monte Carlo Transport Code System. 

AUXILIARY ROUTINES 
TIGER-PGEN: Photon Sampling Distribution Data Generator. 
TIGER-DATPAC: Electron Sampling Distribution Data Generator. 
TIGER-COMM: Monte Carlo Radiation Transport Code. 

2. CONTRIBUTOR 
Theoretical Division. Simulation Sciences Research Department. Sandia Laboratories, Albuquerque. 

New Mexico. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV: CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
TIGER describes the generation and transport of the electron/photon cascade in multislab geometries 

from several MeV down to 1.0 keV for electrons and 10.0 keV for photons, respectively. Source particles 
may be cither electrons or photons: monoencrgetic or source spectra are allowed; and source angular 
distributions may be monodirectional. cosine law. or isotropic. The most important output data arc 
(1) charge and energy deposition profiles; (2) integral energy and number transmission and reflection 
coefficients for both electrons and photons; (3) transmission and reflection coefficients for electrons and 
photons which are differential in energy, in angle, and in both energy and angle. 

TIGER contains ETRAN-I5 (CCC-107) as a subset and, insofar as possible, the ETRAN logic has 
been preserved. 

5. METHOD OF SOLUTION 
The TIGER code combines condensed-history electron Monte Carlo' with conventional 

single-scattering photon Monte Carlo. The electron transport included energy loss straggling, clastic 
!.c;itisring. and the production of knock-on electrons, continuous bremsstrahlung radiation, characteristic 
x rays, and annihilation radiation. Photon transport includes the photoelectric, Compton, and 
pair-production interactions along with the production of the corresponding secondary particles. Electron 
cross sections and sampling distributions are obtained from DATAPAC-4 and LIBRARY TAPE 2 of the 
ETRAN (CCC-107) Monte Carlo code system. Photon cross sections arc those of Biggs and Lighthill:. 

TIGER is user-oriented in that it was designed to provide a method for the routine solution of basic 
transport problems. The completeness of the TIGER radiation transport and the flexibility of TIGER's 
construction make it easy for the user to extend its capability, 

6. RESTRICTIONS OR LIMITATIONS 
The problem configuration is limited to no more than 50 material layers. A problem may not involve 

more than 5 unique homogeneous materials, each of which contain no more than 20 elements. The method 
is more accurate at higher energies, with a less rigorous description of the particle cascade at energies where 
the shell structure of the transport media becomes important. The only shell effects considered are 
ionization of, fluorescence of, and Auger emission from the K-shell of the highest-atomic-number element 
in each material. 

7. TYPICAL RUNNING TIME 
So many parameters affect the problem run time that it is not possible to estimate a "typical" machine 

time. However, run times do vary almost linearly with the number of histories. The average time per history 
in the calculation of a sample problem involving aluminum/gold energy deposition profile was 
approximately 0.1 second. 
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8. COMPUTER HARDWARE REQUIREMENTS 
The code system was designed for the CDC 6600 with four external storage devices in addition to I-O. 

The central memory storage requirement is 202,000 (octal) words. In addition 213,000 (octal) words of 
Extended Core Storage (ECS) is required. With some program modifications, disk, drum, or tape storage 
may be substituted for ECS. 

9. COMPUTER SOFTWARE REQUIREMENTS 
The code is written in FORTRAN IV and runs under the SCOPE 3.3 system with the FTN (OPT = 2) 

compiler, A major effort was made to remove nonstandard and installation-dependent usages. 

10. REFERENCES 
a. Included in package: 

J. A. Halbleib, Sr., and W. H. Vandevender, TIGER: A One-Dimensional, Multilayer 
Electron/ Photon Monte Carlo Transport Code, SLA-73-1026 (1974). 

b. Background information: 
(1) M. J. Berger, "Monte Carlo Calculation of the Penetration and Diffusion of Fast Charged 

Particles," Methods in Computational Physics, Vol. 1, Academic Press, New York (1963). 
(2) F. Biggs and R. Lighthill, Analytical Approximations for X-Ray Cross Sections II, SC-RR-71 

0507, Sandia Laboratories (1971). F. Biggs and R. Lighthill, Analytical Approximations for Total 
Pair-Production Cross Sections. SC-RR-68-6I9, Sandia Laboratories (1968). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes, 

cross section libraries and sample problem data written in BCD/EBCDIC card images; total records 
12,870. 

12. DATE OF ABSTRACT 
December 1974; updated September 1975. 

KEYWORDS: ELECTRON; GAMMA-RAY; MONTE CARLO; ONE-DIMENSION; SLAB 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
TMMS: Gamma-Ray Penetration Shielding Code, Transmission Matrix Method. 

2. CONTRIBUTOR 
Engineering Research Institute, Iowa State University, Ames, Iowa. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
Investigations have been made into applications of the transmission matrix method for radiation 

shielding. The purpose of the analysis was to investigate the possibilities of developing a point kernel from 
the transmission matrix method as it was developed for plane geometry. Investigations were made into 
transmission of gamma radiation through plane multilayered geometry for point isotropic sources. 
Investigations also were made into applications of the point kernel for certain standard geometry sources in 
a homogeneous medium. These applications included integrating the point kernel over these sources. 

As a result of these investigations, the TMMS code was developed which can perform the necessary 
operations in the transmission matrix method effectively and efficiently. The code operates in a series of 
four steps, the first three being used only once for a particular material with a fixed energy group structure 
and angular expansion. The fourth step is the shielding step where the shielding design calculations are 
performed. 

5. METHOD OF SOLUTION 
TMMS is a transmission matrix method shielding code for gamma-ray shielding for plane and point 

geometry in finite and infinite media for one-, two-, and three-layered slabs. In the shielding calculations, 
the source is specified both in energy and angle, and the code calculates energy flux density transmitted and 
reflected. Also calculated are various appropriate buildup factor data for the media. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
No data was collected by RSIC relative to running time. 

8. COMPUTER HARDWARE REQUIREMENTS 
TMMS runs on an IBM 360 computer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
Alfred F. Rohach, Final Report, Applications of the Transmission Matrix to Radiation Shielding, 

Project 810-S, ISU-ERI-AMES-720I4 (February 1972). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes, D D 

card images, and sample problem input written in BCD/EBCDIC card images, plus output from sample 
problem written in list format; total records 2224. 

12. DATE OF ABSTRACT 
October 1975. 

KEYWORDS: TRANSMISSION MATRIX; ONE-DIMENSION; GAMMA-RAY; SLAB 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
LIONS'. Calculation of Fission Product Inventory, Gamma-Ray Dose Rates and Gamma-Ray Doses 

by Kernel Integration. 

2. CONTRIBUTOR 
Mechanical Design Branch. Tennessee Valley Authority. Knoxville. Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV: IBM 360. 

4. NATURE OF PROBLEM SOLVED 
Starting with the known nuclide activities released from a nuclear reactor core, LIONS calculates the 

activities of each isotope, the beta dose rates, the 7-group gamma dose rates, the integrated beta doses, and 
the 7-group integrated gamma doses at various locations such as the containment vessel, annulus space, 
HF.PA filter, charcoal filter, and outer atmosphere. 

5. METHOD OF SOLUTION 
LIONS is an analytic solution of the well known radioactive decay equations and includes decay chains 

of parent to great-granddaughter. Transport and inventory changes at various locations resulting from 
time-dependent mechanical means such as fans or leakage are also treated analytically by piece-wise 
integration. 

6. RESTRICTIONS OR LIMITATIONS 
Presently 170 isotopes are included in the library. Times at which calculations are made are limited to 

21. 

7. TYPICAL RUNNING TIME 
Time is a function of the number of isotopes studied and the number of times at which calculations are 

required. Typical running time on IBM 370/165 is 3 to 4 minutes. Running time of the packaged sample 
problem on the IBM 360/75 is about 1 minute. 

8. COMPUTER HARDWARE REQUIREMENTS 
Execution requires approximately IOOK of core of an IBM 360 or 370. One disk or tape drive may be 

used. 

9. COMPUTER SOFTWARE REQUIREMENTS 
The code is designed for the IBM 360 or 370 system and is executed in either FORTRAN IV, G or H 

level. 

10. REFERENCE 
L. Wang Lau, LIONS Users Manual, TVA 244-057. 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codc and 

sample problem input written in BCD/EBCDIC card images plus output from sample problem written in 
list format; total records 2977. 

12. DATE OF ABSTRACT 
March 1975. 

KEYWORDS: GAMMA RAY; ISOTOPE INVENTORY 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
SWAN: Code System Cor Analysis and Optimization of Fusion Reactor Nuclconic Characteristics. 

AUXILIARY" ROUTINES 
AREAD: Input Data Processor. 
LIBMAK: ANISN-Type Binary Data Library Manipulator. 
PPL-ANISN/SWAN Library Processor: Data Generator. 
PPL-ANISN: One-Dimensional Discrete Ordinate's Radiation Transport Module, 
SIZERS: Storage Requirement Calculator. 
SWIF: Perturbation Calculation and Optimization Module. 

This codc system combines the perturbation theory codc SWIF and the transport theory codc AN1SN 
with a control program for automatic iteration. Three auxiliary routines arc also packaged separately as: 
PSR-87, LIBMAK. PSR-88/AREAD and CCC-253/ANISN-PPL. 

2. CONTRIBUTOR 
Fusion Reactor Design Division, Plasma Physics Laboratory, Princeton University, Princeton, New 

Jersey. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV: IBM 360. 

4. NATURE OF PROBLEM SOLVED 
Given the material density profiles which describe a one-dimensional reference system with a neutron 

source, SWAN will calculate, and optionally implement, density changes so as to optimize a single 
functional parameter of the system. 

5. METHOD OF SOLUTION 
The one-dimensional discrete-ordinate transport code AN1SN is used to calculate flux and adjoint 

distributions for specified sources. The code SWIF calculates first-order estimates of the effect of material 
density changes on a goal functional, and from these evaluates effectiveness functions for the substitution of 
one material for another. Density distribution changes are then calculated which would optimize the goal 
functional, optionally subject to a constraint of holding another functional constant (to first order). 

6. RESTRICTIONS OR LIMITATIONS 
SWAN is not designed to analyze critical systems; it assumes that there is a fixed source, as in shielding 

or fusion reactor applications. Otherwise it is compatible with ANISN. All arrays are variably-dimensioned, 
so that there are no restrictions on individual dimensions. 

7. TYPICAL RUNNING TIME 
It is difficult to choose a "typical" problem; the simple sample case executes in 6 seconds on the 

360/91. The bulk of the time is spent evaluating the fluxes and adjoints in ANISN. 

8. COMPUTER HARDWARE REQUIREMENTS 
SWAN is operable on the IBM 360. The following table represents RSIC experience. 
Code Running Time Region Number of l-O Units 

AREAD TEST 6 sec. (75) 54K 2 
LIBMAK 1.9 sec. (91) 184K 6 
Library Processor 0.5 sec. (91) 72K 4 
ANISN 2.8 sec. (91) I66K 9 
S1ZER 0.3 sec. (75) 54K 2 
SWIF 4.8 sec. (91) 188K 14 
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9. COMPUTER SOFTWARE REQUIREMENTS 
The codes are operable on the IBM 360 75/91 Operating System using OS-360 FORTRAN II 

compiler. 
ANISN and SWIK are processed using the OVERLAY feature. 

10. REFERENCES 
E. Greenspan. William G. Price, Jr. and H. Fishman, SWAN: A Code for the Analysis and 

Optimization of Fusion Reactor Nucleonic Characteristics, MATT-1008 (November 1973). 
William G. Price, Jr., A Revised Version of the ANISN Code. MA1T-I035 (April 1974). 
William G. Price, Jr. , AREAD, An Input Data Processing Routine, MATT-1034 (March 1974). 
William G. Price, Jr., LIBMAK: A Program to Manipulate ANISN-Tvpe Binarv Libraries, 

MATT-1036 (March 1974). 
E. Greenspan. A Method for the Optimization of Fusion Reactor Neutronic Characteristics. 

MATT-981 (April 1973). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD/EBCDIC card images, and output from sample problem written in 
list format; total records 23,933. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: OPTIMIZATION; NEUTRON; GAMMA-RAY; DISCRETE ORDINATES: 
ONE DIMENSION 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
H1C-I: Monte Carlo Code for Calculating Heavy Ion Reactions at Energies 50 MeV Nucleoli. 

AUXILIARY ROUTINES: 
CONVERSION: Cross-Section and Evaporation Data BCD-to-binary Converter Code. 
Nuclear Configuration: Cross-Section Data Generator. 
CASCADE: Intranuclear Cascade Code. 
EVAPORATION: Intermcdiate-to-Final History Data Processor. 
ANALYSIS: Final History Data Analysis—Spectral Data Tables Generation. 
FLRAN, FLOTR, FLTRN: Random Number Generators. 

2. CONTRIBUTOR 
Neutron Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
HIC-I is designed to calculate continuuin-state transitions between projectile and target in heavy-ion 

reactions at energies $ 50 MeV/ nucleon. In the course of a collision of two heavy ions, free nuclcons. 
pions. and various ion fragrnenis may be produced. Monte Carlo calculations of the energy and angular 
spectra of these emergent particles are performed. 

5. METHOD OF SOLUTION 
Monte Carlo techniques are used. 
The underlying assumption in the model is that (he reaction can be represented as the interaction ol 

two Fermi gases of nucleons. As they pass through each other, a cascade takes place in the overlapping 
region of the projectile and the target with quasi-free nucleon-nucleon reactions. Evaporation processes in 
the ion fragments are included, but gamma-ray emission is not computed. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
No data was collected on typical running time for HIC-1. 

8. COMPUTER HARDWARE REQUIREMENTS 
HIC-I was designed for the IBM 360/91. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler and an assembler arc required. 

10. REFERENCES 
H. W. Bertini, T. A. Gabriel, R. T. Santoro. O. W. Hermann. N. M. Larson, and J. M. Hum. HIC-I: 

A First Approach to the Calculation of Heavy-ton Reactions at Energies s- 50 Mel''/ Nucleoli, 
ORNL-TM-4134 (January 1974). 

R. T. Santoro, H. W. Bertini, T. A. Gabriel. N. M. Larson, and O. W. Hermann. Operating 
Instructions for the Heavy-Ion Code HIC-I. ORNL-TM-4791 (March 1975). 

T, A. Gabriel. R. T. Santoro, H. W. Bertini. and N. M. Larson. "Calculated Secondary-Particle 
Spectra from Alpha-Particle- and Carbon-Induced Nuclear Reactions," Technical Note. Nuclear Science 
and Engineering 53. 323-326 (1974). 
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H. W. Hertini. T. A. Gabriel, and R. T. Sanioro. "Predicted Proton Spectrum at Forward Angles for 
29.4-GeV Nitrogen on Carbon," Physical Review C. Vol. 9. No. 2 (February 1974). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes, 

cross sections and EVAP tables, and sample problem input written in BCD/EHCDIC card images, plus 
output from sample problems written in list format; total records 29,117. 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: HEAVY ION; MONTE CARLO 
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RSIC CODE PACKAGE CCC-237 

1. NAME AND TITLE 
EMERALD-NORMAL: Calculation of Activity Releases and Potential Doses from the Normal 

Operation of a Pressurized Water Reactor Plant. 

EMERALD-NORMAL incorporates most of the capabilities of an earlier PG&E version (1971) 
EMERALD (Engineering Model for the Evaluation of Reactor Activity Leakage Doses, Argonne Code 
Center Abstract 546), and provides extensive new features. 

2. CONTRIBUTOR 
Pacific Gas and Electric Company, San Francisco, California. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
EMERALD-NORMAL is designed to make a reasonably accurate prediction of the radioactivity 

buildup and release to the environment from a large pressurized water reactor plant under normal 
operating conditions. The plant is assumed to be base loaded, and assumed average equipment and 
component leakage parameters and process flow rates are used. Shutdown periods are approximated by 
using a plant capacity factor, and whole body offsite radiation doses are calculated by using a semi-infinite 
cloud approximation with no downwind decay from the plant. 

5. METHOD OF SOLUTION 
The approach used in EMERALD-NORMAL is similar to an analog simulation of a real system. Each 

component or volume in the plant which contains a radioactive material is represented by a subroutine, 
which keeps track of the production, transfer, decay and absorption of radioactivity in that volume using 
simple first-order differential equations with constant coefficients. During the course of operation, activity 
is transferred ftom subroutine to subroutine in the program as it would be transferred from place to place 
in the plant. Foi example, the primary coolant subroutine uses as input the activity leakage rate from the 
reactor core subroutine and calculates the equilibrium primary coolant activity for the time period chosen, 
the activity leakage rates to the secondary system, the auxiliary building, and the containment sump, and 
the activity removals due to decay, demineralizer cleanup, and chemical shim control letdown. These 
calculated quantities are then used as input for other subroutines describing the secondary system, and the 
radwaste system. The rates of transfer, leakage, production, cleanup, decay, and release are read in as input 
to the program, and are assumed to be constant during the period of operatiou. 

Subroutines are also included which calculate the off-site doses from the gaseous and liquid discharges 
at various distances, for individual isotopes and sums of isotopes. The program contains a variety of 
physical data for the forty isotopes of most interest in licensing calculations, and other isotopes can be 
added or substituted. 

6. RESTRICTIONS OR LIMITATIONS 
The program can handle a maximum of 50 isotopes and 47 volumes. Using 50 isotopes requires 

approximately 530K of core space on an IBM 370. Using 40 isotopes and reducing DIMENSION 
parameters accordingly reduces core requirements to approximately 425K. 

7. TYPICAL RUNNING TIME 
The central processing time for running an EMERALD-NORMAL case on the IBM 360 is less than 40 

seconds. 

8. COMPUTER HARDWARE REQUIREMENTS 
The packaged code is operable on an IBM 360/370; is said to have been run successfully on a CDC 

6600 and on a CDC 6400 with some modifications to reduce the required core space. 
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9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
Scott G. Gillespie and W. K. Brunot, EMERALD-NORMAL: A Program for the Calculation of 

Activity Releases and Potential Doses from the Normal Operation of a Pressurized Water Reactor Plant, 
Revision 1, Volume I—Program Description (December 1974). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/ EBCDIC card images, plus output from sample problem written in 
list format; total records 10,269. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: ENVIRONMENTAL DOSE 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
FIPD1G: One-Dimensional Time-Dependent Fission Product Diffusion Code. 

2. CONTRIBUTOR 
Atomic Energy Research Establishment, Winfrith, Dorchester, Dorset, England, through the OECD 

Nuclear Energy Agency's Computer Programme Library (NEA CPL), Ispra (Varese), Italy (Abstract 
NEA 310). 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360/370. 

4. NATURE OF PROBLEM SOLVED 
FIPDIG solves ihe one-dimensional, time-dependent, fission product diffusion problem in a 

temperature field, in slab, in cylinder, or in spherical geometry, taking one gaseous precursor into account. 
Transients arc calculated also. 

5. METHOD OF SOLUTION 
The finite difference method is used. 

6. RESTRICTIONS OR LIMITATIONS 
FIPDIG problems are limited to 40 mesh points, 30 evaporation boundaries and 30 time steps. 

Temperatures are not automatically evaluated. 

7. TYPICAL RUNNING TIME 
A problem with 20 mesh points, three evaporation boundaries, one transient, 29 time steps took 22.9 

seconds CPU time (2.09 minutes execution time) on the IBM 360/75. The packaged sample problem ran 25 
seconds on the IBM 360/75. 

8. COMPUTER HARDWARE REQUIREMENTS 
FIPDIG runs on the IBM 360 using 118K storage. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
G. Preinreich, Description of a Revised Version of the Computer Code FIPDIG, AEEW OECD 

Dragon Project Report 768 (October 1971). 
G. Preinreich, FIPDIG—A One-Dimensional Time-Dependent Fission Product Diffusion Code, DP 

Report 565 (August 1968). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
iist format; total records 3416. 

12. DATE OF ABSTRACT 
December 1972; updated August 1975. 

KEYWORDS: ONE-DIMENSIONAL; TIME-DEPENDENT; FISSION PRODUCTS 
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RSIC CODE PACKAGE CCC-234 

2. NAME AND TITLE 
DOT-LSU: Multigroup Two-Dimensional Discrete Ordinates Transport Code with Anisotropic 

Scattering. 

DOT. an ORNL code development, was first available in 1966 as CCC-89/DOT code package. The 
next frozen version became available in 1969. DOT-LSU is a modification of DOT II. Data for the 
packaged sample problems is taken from DLC-2D cross section library. 

2. CONTftJHUTOR 
Nuciea: Science Center, Louisiana State University, Baton Rouge, Louisiana. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV and Assembler Language; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
DOT is a general purpose program which solves the linear, energy-dependent, Boltzmann transport 

equation for two-dimensional r-z, x-y and r-0 geometries. The basic form of the solution is the quantity <t> 
(r„ Zj, Es, Hi) AEb - tfhjgj, the flux, averaged in the spatial interval surrounding r„ Zj, integrated over the 
energy group g, and averaged in the solid segment surrounding Clj. DOT-LSU uses the general-purpose 
nature of the earlier DOT codes to treat the problem of characterization of a small subcritical assembly. 

5. METHOD OF SOLUTION 
The gradient or convection term in the Boltzmann equation is approximated by a finite difference 

technique known as discrete ordinates—Carlson's S* method. The inscatter integral is approximated by 
expanding the differential cross section in a Legendre series which allows the integral to be computed by 
quadrature. DOT-LSU will solve forward or adjoint, homogeneous or inhomogeneous problems. The 
inhomogeneous problems may have a volume distributed source or a specified angular flux a*, the right or 
top boundaries; fissions may be included for a subcritical system. 

The DOT-LSU code includes two sample problems, both involving point sources of fission neutrons in 
a large tank of water. Their solution as described in the documentation is illustrative of the computational 
methods involved. 

6. RESTRICTIONS OR LIMITATIONS 
The sample problems require 170K. of high speed core and 240K of low. 

7. TYPICAL RUNNING TIME 
The first problem takes 2 minutes and 40 seconds of CPU time. The second problem requires 3 minutes 

and 50 seconds of CPU time on the LSU system. Sample problem number one ran 25 seconds on the IBM 
360/91 during RSIC testing. 

8. COMPUTER HARDWARE REQUIREMENTS 
DOT-LSU runs on the IBM 360 requiring 3 additional storage devices and the following amounts of 

storage: 300K for compiling, 310K for executing. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
Edward James Landry, Discrete Ordinates Treatment of a Small Subcritical Assembly, Louisiana 

State University Thesis (August 1972). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 7039. 

12. DATE O F ABSTRACT 
August 1975. 

KEYWORDS: DISCRETE ORDINATES; NEUTRON; GAM'V.-RAY; TWO-DIMENSIONS; 
MULTIGROUP 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
ANISN-PPL: Multigroup One-Dimensional Discrete Ordinates Transport Code with Anisotropic 

Scattering. 
AUXILIARY ROUTINE 

L1BMAK: Manipulator ANISN-typr; Binary Libraries. 

The ORNL ANISN (CCC-254) was revised to feature several different input options and a provision 
for binary output of its principal results. AREAD subroutine is packaged separately as PSR-88 and 
LIBMAK as PSR-87. 

2. CONTRIBUTOR 
Fusion Reactor Design Division, Plasma Physics Laboratory, Princeton University, Princeton, New 

Jersey. 

3. CODING LANGUAGE AND COMPUTER 
FPRTRAN-IV-H; IBM 360/91. 

4. NATURE OF PROBLEM SOLVED 
ANISN solves the one-dimensional Boltzmann transport equation for neutrons or gamma rays in slab, 

sphere, or cylinder geometry. The source may be fixed, fission, or a subcritical combination of the two. 
Criticality search may be performed on any one of several parameters. Cross sections may be weighted 
using the space and energy dependent flux generated in solving the transport equation. 

5. METHOD OF SOLUTION 
The solution technique is an advanced discrete ordinates method which represents a generalization of 

the method originated by G. C. Wick and greatly developed and extended to curvilinear geometry by B. G. 
Carlson at Los Alamos Scientific Laboratory. 

ANISN was designed to solve deep-penetration problems in which angle-dependent spectra are 
calculated in detail. The principal feature that makes ANISN suitable for such problems is the use of a 
programming technique with optional data-storage configurations which allows execution of small, 
intermediate, and extremely large problems. ANISN also includes a technique for handling general 
anisotropic scattering, pointwise convergence criteria, and alternate step function difference equations that 
effectively remove the oscillating flux distributions sometimes found in discrete ordinates solutions. 

6. RESTRICTIONS OR LIMITATIONS 
Problem size is limited only by the amount of core storage available. 

7. TYPICAL RUNNING TIME 
There is no typical case. 

8. COMPUTER HARDWARE REQUIREMENTS 
The IBM 360 with at least 240K bytes, and 9 storage devices. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
William G. Price, Jr . , A Revised Version of the ANISN Code. MATT-1035 (April 1974). 
William G. Price, LIBMAK: A Program to Manipulate ANISN-Type Binary Libraries, MATT-1036 

(March 1974). 
William G. Price, Jr. , AREAD, An Input Dam Processing Routine, MATT-1034 (March 1974). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD/EBCDIC card images and output from the sample problems in list 
format; total records 6158. 

12. DATE OF ABSTRACT 
October 1975. 

KEYWORDS: DISCRETE ORDINATES; NEUTRON; GAMMA RAY; ONE-DIMENSION; 
MULTIGROUP 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
ANISN-ORNL: A One-Dimensional Discrete Ordinates Transport Code with Anisotropic Scattering. 

AUXILIARY ROUTINE 
TAPEMAKER: Data Generator. 

ANISN supercedes DTF-II (NAA-SR-10951, March 1966) which followed a series of developmental 
efforts over a period of years. An early version, DSN, was developed in the FLOCO language by Bengt 
Carlson of the Los Alamos Scientific Laboratory. A revision of DSN, called DTK, was written to 
incorporate improved convergence technique and ease of operation. DTF was a FORTRAN version of 
DTK written by UNC and LASL personnel. DTF-II evolved from DTF at Atomics International and in 
lum evolved into ANISN. 

2. CONTRIBUTOR 
Neutron Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360/7S/91. 

4. NATURE OF PROBLEM SOLVED 
ANISN solves the one-dimensional Boltzmann transport equation for neutrons or gamma rays in slab, 

sphere, or cylinder geometry. The source may be fixed, fission, or a subcritical combination of the two. 
Criticality search may be performed on any one of several parameters. Cross sections may be weighted 
using the space and energy dependent flux generated in solving the transport equation. 

5. METHOD OF SOLUTION 
The solution technique is an advanced discrete ordinates method which represents a generalization of 

the method originated by G. C. Wick and greatly developed and extended to curvilinear geometry by B. G. 
Carlson at Los Alamos Scientific Laboratory. 

ANISN was designed to solve deep-penetration problems in which angle-dependent spectra are 
calculated in detail. The principal feature that makes ANISN suitable for such problems is the use of a 
programming technique with optional data-storage configurations which allows execution of small, 
intermediate, and extremely large problems. ANISN also includes a technique for handling general 
anisotropic scattering, pointwise convergence criteria, and alternate step function difference equations that 
effectively remove the oscillating flux distributions sometimes found in discrete ordinates solutions. 

6. RESTRICTIONS OR LIMITATIONS 
Problem size is limited only by machine size. 

7. TYPICAL RUNNING TIME 
Depending on problem size, type, and convergence, running time has varied from less than one minute 

to several hours. 

8. COMPUTER HARDWARE REQUIREMENTS 
An IBM 360 is required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. The OVERLAY feature is used. 

10. REFERENCES 
W. W. Engle, Jr . , ANISN, A One-Dimensional Discrete Ordinates Transport Code with Anisotropic 

Scattering, K-I693 (March 1967). 
W. W. Engle, M. A. Boling, and B. W. Colston, DTF-II, A One-Dimensional, Multigroup Neutron 

Transport Program, NAA-SR-10951 (March 1966). 
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11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes, 

DD card images, data, overlay control card images in BCD/EBCDIC card images; ANISN punched card 
output in mixed format; and TAPEMAKER and ANISN output in list format; total records 12,693. 

12. DATE OF ABSTRACT 
January 1968; updated October 1975. 

KEYWORDS: DISCRETE ORDINATES; NEUTRON; GAMMA-RAY; ONE-DIMENSION; 
MULTIGROUP; CYLINDRICAL GEOMETRY 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
ANISN-W: Multigroup One-Dimensional Discrete Ordinates Transport Code with Anisotropic 

Scattering. 

AUXILIARY ROUTINES 
DOQ: Discrete Ordinates Quadrature Coefficients Data Generator. 
ADOQ: Asymmetric Discrete Ordinates Quadrature Coefficients Data Generator. 
GAMLEG-W: Multigroup Photon Transport Cross Section Data Generator. 
PERT-1D: Linear First Order Perturbation Equation Solver—Using ANISN-W Forward and Adjoint 

Angular Fluxes. 

ANISN follows a series of developmental efforts over a period of years (see CCC-254/ANISN-ORNL). 
ANISN-W is based on the ORNL work. 

2. CONTRIBUTORS 
Westinghouse Astronuclear Laboratory, Pittsburgh, Pennsylvania; NASA Marshall Space Flight 

Center, Huntsville, Alabama; and Kent State University, Kent, Ohio. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; CDC 6600 (A) and Burroughs B-5700 (B). 

4. NATURE OF PROBLEM SOLVED 
ANISN-W solves the one-dimensional Boltzmann transport equation for neutrons or gamma rays in 

slab, sphere, or cylinder geometry. The source may be fixed, fission, or a subcritical combination of the 
two. Criticality search may be performed on any one of several parameters. Cross sections may be weighted 
using the space and energy dependent flux generated in solving the transport equation. 

5. METHOD OF SOLUTION 
The solution technique is an advanced discrete ordinates method which represents a generalization of 

the method originated by G. C. Wick and greatly developed and extended to curvilinear geometry by B. G. 
Carlson at Los Alamos Scientific Laboratory. 

ANISN-W was designed to solve deep-penetration problems in which angle-dependent spectra arc 
calculated in detail. The principal feature that makes it suitable for such problems is the use of a 
programming technique with optional data-storage configurations which allows execution of small, 
intermediate, and extremely large problems. ANISN-W also includes a technique for handling general 
anisotropic scattering, point-wise convergence criteria, and alternate step function difference equations that 
effectively remove the oscillating flux distributions sometimes found in discrete ordinates solutions. 

6. RESTRICTIONS OR LIMITATIONS 
Problem size is limited only by machine size. 

7. TYPICAL RUNNING TIME 
Depending on problem size, type, and convergence, running time has varied from less than one minute 

to several hours. 

8. COMPUTER HARDWARE REQUIREMENTS 
CDC 6600. ANISN-W uses one tape unit excluding standard I-O. It is channel dependent. It uses a 

punch and a printer. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required and overlay is used. Punched card output optional, controlled 

by input. 
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10. REFERENCES 
R. G. Soltesz and R. K. Disney, Nuclear Rocket Shielding Methods, Modification, Updating, and 

Input Data Preparation. WANl-PR-(LL)434 (August 1970): 
Volume 2. Section 2* "GAMLEG-W," 
Volume 4, "One-Dimensiomi Discrete Ordinates Transport Technique," 
Volume 5, "Descriptions of DOQ ami A DOQ;" 
WANL-PR-(LL)4)40 (December 1971). Workshop Notes. 
R. K. Disney et al, ANISN-W. WANL-TME-2778 (February 1971). 
R. G. Soltesz, Revised WANL ANISN Program User's Manual. WANL-TM1-I967, Supplement 1969. 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced documents and for version A a reel of magnetic tape containing the source 

codes, pertinent data and punched card output written in BCD/ EBCDIC card images. The magnetic tape 
for version B contains ANISN-W source. Total records: version A contains 10,253; version B contains 4089. 

12. DATE OF ABSTRACT 
July 1975. 

KEYWORDS: DISCRETE ORDINATES; NEUTRON; GAMMA-RAY; ONE-DIMENSION; 
MULTIGROUP; CYLINDRICAL GEOMETRY 
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RSIC CODE PACKAGE CCC-237 

1. NAME AND TITLE 
TDT: Generalized One-Dimensional Multigroup Time-Dependent Transport and Diffusion Kinetic 

Code. 

TDT is based on TASK (CCC-184). 

2. CONTRIBUTORS 
Nuclear Engineering Department, University of Tennessee, Knoxville, Tennessee and Neutron Physics 

Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
TDT solves the one-dimensional multigroup form of the time-dependent reactor kinetics equations, 

allowing an arbitrary number of delayed neutron groups. It can also solve standard static problems, such as 
eigenvalue problems (transport only), distributed source problems, and boundary source problems using 
either diffusion theory or transport theory. Convergence problems associated with highly multiplicative 
media are circumvented, and such problems are readily calculable. 

5. METHOD OF SOLUTION 
TDT employs a combination scattering and transfer matrix method to solve the transport equation in 

the spatial domain and a predictor-corrector method to obtain solutions in the temporal domain. 

6. RESTRICTIONS OR LIMITATIONS 
The principal restrictions are available storage and computational time. Since the code is flexibly 

dimensioned, there are no internal restrictions on group structure, quadrature, and number of coordinates. 
The code contains an option whereby it will calculate the most efficient time mesh. The cylindrical 
geometry option is not operational in this version. 

7. TYPICAL RUNNING TIME 
A 10-second rod-drop transient in a 7-region, 5-group, S< problem requires 5 minutes on the IBM 

360/91. The packaged sample problem ran 1.6 minutes. A point kinetics approximation is available which 
significantly reduces the computational time. 

8. COMPUTER HARDWARE REQUIREMENTS 
TDT runs on the IBM 360, requiring 178K of storage plus data block storage, a total of 244K. One 

tape is required to utilize the flux tape option. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
E. T. Tomlinson, H. L. Dodds, R. A. Lillie, and J. C. Robinson, A User's Manual for TDT (Time 

Dependent Task), ORNL-TM-4869 (June 1975). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 5993. 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: TRANSPORT DIFFUSION; MULTIGROUP; KINETICS; ONE-DIMENSION 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
1DX: A One-Dimensional Code for Producing Energy Group Collapsed and Self-Shielded Cross 

Sections. 

1DX abstract will be published in ORNL-RSIC-31 (Volume II), Abstracts of Peripheral Shielding 
Code Packages Assembled by the Radiation Shielding Information Center. 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
MORSE-E: Special Purpose Monte Carlo Multigroup Neutron and Gamma-Ray Transport Code 

System. 

AUXILIARY ROUTINES 
Random Number Generator. 
Alternative Random Number Generator. 
Cylindrical Geometry Routine. 
Slab Geometry Routine. 
Spherical Geometry Routine. 
General Geometry Routine. 

MORSE was originally programmed at the Oak Ridge National Laboratory for the CDC 1604 
(CCC-I27, 1970) and was later modified and extended for the IBM 360. The original version incorporated 
the 05R (CCC-17) geometry routines. The MAGI (Mathematical Applications Group, Inc.) combinatorial 
geometry routines are currently used in the ORNL version, CCC-203/MORSE-CG. In these codes, certain 
routines must be written for a specific problem. MORSE-E, based on the ORNL work, seeks to facilitate 
practical use of the MORSE codes. It is also available from NEA CPL as Abstract C-127. 

2. CONTRIBUTOR 
The CCR EURATOM European Shielding Information Service (ESIS) through OECD Nuclear 

Energy Agency's Computer Programme Library (NEA CPL), Ispra, Italy. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
MORSE is a neutron and gamma-ray transport Monte Carlo code. MORSE-E enlarges application 

and use of the MORSE code system by easing the job of adapting the code to a particular problem. It 
calculates practical fluxes and reaction rates averaged over the volume of the zones requested by the user. 
The corresponding standard deviation is also computed. It may consider isotropic sources uniformly 
distributed over a volume. The geometry of the source can be parallelepiped, sphere, or cylinder. 
MORSE-E handles "normal" media (for which cross section is specified) and "special" media (cross section 
set need not be specified, e.g., internal voids, external voids, albedo media). 

5. METHOD OF SOLUTION 
Monte Carlo methods are used to solve the forward and the adjoint transport equations. Quantities of 

interest are then obtained by summing the contributions over all collisions, and frequently over most of 
phase space. 

Standard multigroup cross sections in PSR-63/ AMPX format such as those used in several discrete 
ordinates codes may be used as input. Anisotropic scattering is treated for each group-to-group transfer by 
utilizing a generalized Gaussian quadrature technique. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
No data was collected on typical running time. 

8. COMPUTER HARDWARE REQUIREMENTS 
MORSE-E runs on the IBM 360 computer. 
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9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCES 
C. Por.ti, R. Van Heusden. MORSE-E, A New Version of the MORSE Code, Informal ESIS Notes 

(1974). 
E. A. Straker, P. N. Stevens, D. C. Irving, and V. R. Cain, The MORSE Code—A Multigroup 

Neutron and Gamma-Ray Monte Carlo Transport Code, ORNL-4585 (September 1970). 

11. CONTENTS O F CODE PACKAGE 
Included are the referenced documents and a reel of magnetic tape which contains the source codes and 

sample problem input data written in EBCDIC card images and sample problem output written in list 
format; total records 8776. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: MONTE CARLO; NEUTRON; GAMMA-RAY; MULTIGROUP; 
COMPLEX GEOMETRY; COMBINATORIAL GEOMETRY 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
STRAINT: One-Dimensional Multigroup Neutron Transport Discrete Ordinates Code System. 

AUXILIARY ROUTINES 
ASCOT: Data Generator. 
MCORE: Utility Code. 

STRAINT was originally written for the IBM 7030 (STRETCH) computer in S2 FORTRAN (a dialect 
of FORTRAN) (AWRE 0-12/63). Several variations and modifications have since been incorporated. It 
was translated into FORTRAN IV (IBM 360 and 370) in 1971. Some tape usage has been replaced by disc, 
thus reducing the machine time, and some errors in the program have been isolated and corrected. The 
AWRE peripheral codes, GALAXY, which prepares multigroup nuclear data tapes (AWRE 0-56/73), and 
DUNDEE, which can be used to process output perturbation functions (AWRE 0-36/73), are not packaged 
in RSIC. 

2. CONTRIBUTOR 
AWRE, Aldermaston, Reading, Berkshire, England. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV and Assembler Language; IBM 360/370. 

4. NATURE OF PROBLEM SOLVED 
The multigroup stationary transport equation in plane or spherical geometry is solved for neutron or 

gamma fluxes by the Carlson S» method (discrete ordinates, LA-1891). The equation may be homogeneous 
or inhomogeneous (imposed source present), and neutron scatter can be isotropic or anisotropic. Neutrons 
from fission are assumed to be emitted isotropically. The homogeneous equation may be solved to 
determine whether a system is subcritical or supercritical, or some parameter may be varied until the system 
is critical. Such a parameter may determine the geometry of the system, the time constant, or the nuclide 
proportions. The imposed source may be a distributed source emitting neutrons isotropically, a shell source 
emitting neutrons radially or a pavallel beam source moving through the system. The latter may be used to 
simulate a shell source of any angular emission. 

5. METHOD OF SOLUTION 
STRAINT employs the Carlson S„ (discrete ordinates) method. 

6. RESTRICTIONS OR LIMITATIONS 
Total storage available is the only limiting factor on the problem size. The basic program occupies 

approximately 180K of storage, but all common arrays are dimensioned dynamically and so this figure is 
increased according to the size of the problem. As a rough guide a calculation using 10 neutron groups and 
3 materials each with 10 mesh points will require a total of approximately 200K of storage, while one using 
32 neutron groups and 5 materials each with 10 mesh points will require approximately 400K of storage. 
Few problems will require more than 600K. 

7. TYPICAL RUNNING TIME 
On the 370/185 the two problems mentioned above took approximately 6 seconds and 3 

CPU time respectively. Few problems will require more than 7 minutes CPU time. 
The packaged sample problem ran as follows: ASCOT—10 minutes on the IBM 

STRAINT— 7 minutes on IBM 360/91. 

8. COMPUTER HARDWARE REQUIREMENTS 
STRAINT runs on the IBM 360 using eleven storage media, three of which are direct access. ASCOT 

requires 122K; STRAINT uses 420K.. Clock is sampled. 

1/2 minutes 

360/75 and 
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9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. MCS4 routine is in Assembler Language. 

10. REFERENCE 
K. Dugan and J. A. Price, A FORTRAN IV Version of the A WRE One-Dimensional Multigroup 

Neutron Transport S„ Program STRAINT, AWRE 042/73 (1973). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
list format; total records 59,353. 

12. DATE OF ABSTRACT 
August 1975. 

KEYWORDS: MULTIGROUP; NEUTRON TRANSPORT; DISCRETE ORDINATES 
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RSIC CODE PACKAGE CCC-237 

1. NAME AND TITLE 
FEM-2D: Two-Dimensional Diffusion Theory Code Based on the Method of Finite Elements. 

AUXILIARY ROUTINE 
RSYM: Simulates parts of RSYST Code System. 

2. CONTRIBUTOR 
Institute for Nuclear Energy (IKE), University of Stuttgart, Stuttgart, Germany. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV and COMPASS; CDC 6600. 

4. NATURE OF PROBLEM SOLVED 
FEM-2D solves the two-dimensional diffusion equation in x-y geometry. This is done by the finite 

element method. 

5. METHOD OF SOLUTION 
FEM-2D uses triangular elements with first- and second-order Lagrange approximations. The systems 

equations are formulated in multigroup form and solved by a Cholesky procedure which operates only on 
nonzero elements. Various acceleration techniques are available for the outer iteration. Fluxes along 
various lines and rates in arbitraty zones may be output. 

6. RESTRICTIONS OR LIMITATIONS 
The code uses variable dimensioning. Thus the problem size is restricted by the largest, array which 

usually is the systems matrix. Fluxes of all groups are kept in memory. This might become another 
restrictive data set for a large number of groups. 

The validity of the results is restricted by the approximations used. 
FEM-2D requires a finite element net which allows the approximation of fluxes at most parabolas. 

The node distribution should be more dense in areas of heavy flux changes (near absorbers or the reflector). 

7. TYPICAL RUNNING TIME 
The running time is determined by the number of elements, the number of nodes and the 

approximation used. Due to the source and rate calculations the number of nodes is the least important 
factor. Typical running times on a CDC 6600 for a two group problem are 

Time/ Iteration 
Nodes Elements Approximation in seconds 

177 301 first order 0, 26 
654 . 1204 first order 0, 70 
501 228 : second order 0, 48 
654 301 . second order 0, 61 
746 345 second order 0, 70 

8. COMPUTER HARDWARE REQUIREMENTS 
FEM-2D was designed for and runs on the CDC 6600 computer using disk for multigroup problems 

and extended core storage for block data. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. FEM-2D is written in overlay mode. It uses one utility and two 

mathematical routines written in COMPASS. 
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11). REFERENCES 
H. P. Franke and F. A. R. Schmidt. FEM-2D— Program for Solving the Two-Dimensional Diffusion 

Equation hv the Method of Finite Elements, IKE-4-25 (ORNL-tr-2971) (July 1974), 
F. A. R. Schmidt. FEM-2D—Input Description and Performance, 1KE-4-4J (March 1975). 

11. CONTENTS OF CODE PACKAGE 
Included ate the referenced documents and a reel of magnetic tape which contains the source codes and 

sample problem input written in BCD; total records 5597, 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: FINITE ELEMENT METHOD; NEUTRON; TWO DIMENSIONS; 
DIFFUSION THEORY 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
MORSE-L: Multigroup Neutron and Gamma-Ray Transport Code for the Solution of Penetration 

Problems. 

MORSE-L was adapted from the original ORNL version of the MORSE and SAMBO codes 
(CCC-127) but is restricted to penetration problems only. 

2. CONTRIBUTORS 
E. O. Lawrence Livermore Laboratory, Livermore, California (A). 
EG&G, Santa Barbara Division, Goleta, California (B). 

3. CODING LANGUAGE AND COMPUTER 
CHAT, CDC 6600 (A); FORTRAN IV, CDC 6600 (B). 

4. NATURE OF PROBLEM SOLVED 
MORSE-L is a Monte Carlo multigroup transport code designed to solve neutron, gamma and 

coupled neutron-gamma penetration problems in cither the forward or adjoint mode. Time-dependence of 
the calculated fluence is provided and results may also be obtained for energy and angular dependence. 
Geometrical descriptions may be made using either a one-dimensional spherical model or a generalized 
three-dimensional model utilizing quadratic surfaces as the interface between adjoining material media. 
Anisotropic scattering is provided. Several albedo materials may be used within the same problem. 

5. METHOD OF SOLUTION 
Monte Carlo techniques are used to solve the usual multigroup form of the Boltzmann transport 

equation. Survival weighting is employed in all cases and splitting and Russian roulette may be used. The 
exponential transform, with path stretching away from or towards a given point, is available on option. 
Fluence and/or current results are obtained from the random walk by using estimators bawd upon 
reaction, predicted reaction, path length, boundary crossing, and point techniques. For the point estimator, 
an analytic model may be used to describe Compton scattering of gamma rays. Printed results include the 
standard deviation of the quantity printed while total integrated responses also include batch results and a 
W-Tcst parameter. Most of the problem input is provided on cards using a special free form format 
designed for this code. Cross sections, and related data, may be read from cards and/or a library tape (or 
disk file). Problem output is provided on the usual printed page, on punched cards, and on pictures drawn 
by using the standard LLL DD80 routines. Disk files are used to store temporary data during problem 
setup. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
Running time can range from minutes to hours depending on the problem. 

8. COMPUTER HARDWARE REQUIREMENTS 
MORSE-L was written originally for the CDC 6600 but is also operational on the CDC 6400/7600 by 

assigning blank common to LCM storage. DD80 CRT plotting is required in the original version but may 
be converted to available plotting hardware. 

9. COMPUTER SOFTWARE REQUIREMENTS 
MORSE-L was written in CHAT for a Lawrence Livermore Laboratory internal compiler, 

LRLTRAN, and was converted to run on a standard FORTRAN IV compiler, version B. 



261.2 

10. REFERENCES 
Tom P. Wilcox, MORSE-L. A Special Version of the MORSE Program Designed lo Solve Neutron, 

Gamma and Coupled Neutron-Gamma Penetration Problems, UCID-16680 (September 1972). 
Tom P. Wilcox, Does MORSE-L Really Work? UC1D-I6682 (September 1972). 
Tom P. Wilcox. MORSE Cross Section Library Tapes, UC1D-I6683 (July 1973). 

11. CONTENTS OF CODE PACKAGE 
Included ure the referenced documents and a reel of magnetic tape which contains the source codc and 

sample problem input written in BCD/EBCDIC card images; total records 12524. 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: MONTE CARLO; NEUTRON; GAMMA-RAY; ADJOINT; TIME-DEPENDENT; 
ONE-DIMENSION; SPHERICAL GEOMETRY; COMPLEX GEOMETRY 
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RSIC CODE PACKAGE CCC-234 234 

1. NAME AND TITLE 
VCS: Coupled Discrete Ordinates-Adjoint Monte Carlo Calculation of Radiation Protection Factors 

in Vehicles. 
AUXILIARY ROUTINES 

VISA: Coupling Surfacc Flux Generator. 
DRC: Detector Response Calculator. 
DOT 111: Air Transport Calculator. 
ALBERT: Data Processor for Combinatorial Geometry. 

2. CONTRIBUTOR 
Oak Ridge National Laboratory. Oak Ridge, Tennessee. 

3. CODING LANGUAGE AND COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
It is the purpose of the Vehicle Code System (VCS) to facilitate the calculation of radiation protection 

factors for a given vehicle; i.e., the ratio by which the free-field radiation is reduced due to (he presence of 
the vehicle. 

VCS was constructed by linking together a discrcte-ordinates air-transport calculation and an adjoint 
Monte Carlo vehicle dose-importance calculation. A tactical nuclear weapon of low-kiloton yield is 
detonated within a kilometer of a vehicle. The air-transport calculation determines the neutron and photon 
flux as a function of energy on a coupling surface surrounding the vehicle. The dose-importance calculation 
determines the effectiveness of particles at the coupling surface in contributing to dose at a detector position 
within the vehicle. 

5. METHOD OF SOLUTION 
The Vehicle Code System (VCS) calcubtcs protection factors for armored military vehicles by coupling 

a discrete ordinate* calculation with an adjoint Monte Carlo calculation. The discrete ordinates calculation 
determines the flux on a coupling surface surrounding the vehicle. The Monte Carlo calculation calculates 
the effectiveness of flux at the surface in causing response in a detector adjacent to the crew member*, i.e.. 
the "dose importance." A coupling code folds the flux together with the dose importance, giving the dose 
response. The coupling code can also rotate the vehicle, move it to different distances from the source, and 
perturb the energy response of the detector. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
The DOT section of VCS requires about 2 hours of CPU t ine on the IBM 195K. Each new vehicle 

configuration o r source position requires about 25 minutes. Each new range or detector response spectrum 
or vehicle orientation costs a fraction of a minute. RSIC did not complete the running of the packaged 
sample problem because of long running time. 

8. COMPUTER HARDWARE REQUIREMENTS 
An IBM 360 system is required. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 
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10. REFERENCES 
a, included in package: 

W. Rhoadc*. M. B. Emmeti. (i. W. Morrium. J. V. Pace. 111. and I.. St. Pcirie. tV/iif/c Code 
System (VCS) User's Manual. ORNL-TM-4M8 (August 1974). 

b. Background information: 
W. A. Rhoadct. Development of a Code System for Determining Radiation Protection of Armored 

Vehicles (Vie VCS Code) ORNL-TM-4664 (October 1974). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced docum.nl and a reel of magnetic tape which contains the source emits and 

sample problem input written in BCD/EBCDIC card images; total records 5205. 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: NEUTRON: GAMMA-RAY; COUPLED: DISCRETE ORDtNATES; ADJOINT; 
MONTE CARLO: COMPLEX GEOMETRY; AIR-GROUND INTERFACE; 
WEAPONS RADIATION 
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RSIC CODE PACKAGE CCC-234 

1. NAME AND TITLE 
AIRBORNE: Airborne Contaminants Dispersion Codc. 

2. CONTRIBUTOR 
Oak Ridge National Laboratory. Oak Ridge. Tennessee. 

3. CODING LANGUAGE A N D COMPUTER 
FORTRAN IV; IBM 360. 

4. NATURE OF PROBLEM SOLVED 
AIRBORNE computes distributions of airborne pollutants. It was designed to rimulate the effects of 

proposed charges on the environment, providing a means of modeling and displaying the efTect of a source 
of airborne pollutants on a particular locality. A simple Gaussian plume model was used. 

5. METHOD OF SOLUTION 
AIRBORNE requires data describing a latitude and longitude grid on a section of the earth's surface 

and data describing and locating a pollutant source. All sources are assumed to be at the center of the cell 
in which ihcy are located. It calculates the great circle distance (assuming the earth to be a sphere) from the 
center of the source cell to the center of a receiving cell and the compass bearing of the great circle at the 
source. The source strength, effective stack height, wind speed, and wind probability are used to calculate 
the concentration at the center of the receiving ccll due to th.'s particular source. This process is repeated for 
cach ccll in the grid. 

6. RESTRICTIONS OR LIMITATIONS 
None noted. 

7. TYPICAL RUNNING TIME 
The packaged sample problem took 22 seconds on the IBM 360/75. 

8. COMPUTER HARDWARE REQUIREMENTS 
AIRBORNE runs on the IBM 360 series, using 90K corc storage. 

9. COMPUTER SOFTWARE REQUIREMENTS 
A FORTRAN IV compiler is required. 

10. REFERENCE 
R. L. Stephenson, A Program for Computing the Dispersion of Airborne Contaminants, 

ORNL-TM-4674 (September 1974). 

11. CONTENTS OF CODE PACKAGE 
Included are the referenced document and a reel of magnetic tape which contains the source code and 

sample problem input written in BCD/EBCDIC card images, plus output from sample problem written in 
tist format: total records 652. 

12. DATE OF ABSTRACT 
September 1975. 

KEYWORDS: ENVIRONMENTAL DOSE; AIRBORNE; GAUSSIAN PLUME MODEL 
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