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ARGONNE CODE CENTER: 
COMPILATION OF PROGRAM ABSTRACTS 

by 

M. K. Butler, Pamela Henline, 
Marianne Legan, L. Ranzini, 

and William J. Snow 

PREFACE 

This is the second complete revision of program abst racts under
taken by the Code Center since its inception in I960. This revision has 
eliminated from our collection those programs for machines of the 704 era 
and ear l ie r . With the ass is tance of installation representat ives and authors, 
existing program abst racts have been revised and material added to the 
l ibrary to complete, whenever possible, the program package for each 
program in the Center ' s collection. 

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

The table of contents l ists in order of accession, the KWIC title of 
each program, the originating installation, the machine, the programming 
language, the package symbols, and the category. This title information 
was then used to provide the index which follows the abs t rac t s . The package 
symbols included are defined as follows: 

R = reference report or document, 
S = source deck or tape, 
B = binary or run deck or tape, 
P = sample problem data, 
L = l ibrary information, e.g., c ross-sect ion l ibrary, 

random-number l ibrary, 
X = auxiliary routines, 

and 

T = magnetic tape(s) required for t ransmit tal of card and/or 
tape mater ia l . 

This collection includes p rograms in which the program number is 
preceded by the let ter R. This denotes res t r ic ted, and U.S. citizens are 
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r e q u i r e d to file a r e l e a s e f o r m with the C e n t e r for u s e of the p r o g r a m on 
e i t h e r official U.S . g o v e r n m e n t or c o m m e r c i a l ( n o n - m i l i t a r y ) a p p l i c a t i o n s 
at a U.S. i n s t a l l a t i o n . The Code C e n t e r is not a u t h o r i z e d to d i s t r i b u t e t h e s e 
p r o g r a m s ou t s ide the United S t a t e s . 

To b e s t s e r v i c e the i n t e r e s t s of AEC c o n t r a c t o r s , u n i v e r s i t y n u c l e a r -
e n g i n e e r i n g d e p a r t m e n t s , and the n u c l e a r i n d u s t r y , the C e n t e r wi l l , upon 
r e q u e s t , supply to an i n s t a l l a t i o n , a copy of any of the m a t e r i a l l i s t e d a s 
ava i l ab l e u n d e r I t e m 16 of the a b s t r a c t . Should that i n s t a l l a t i o n modify the 
p r o g r a m , conve r t it to a u s a b l e f o r m on a n o t h e r c o m p u t e r , u n c o v e r an e r r o r , 
or have difficulty in us ing the p r o g r a m , he is a s k e d to notify the C e n t e r so 
that h is ef for ts in t u r n might benefi t o t h e r r e c i p i e n t s . The C e n t e r m a i n t a i n s 
r e c o r d s of the r e c i p i e n t s of all l i b r a r y m a t e r i a l so that if a c o r r e c t i o n o r 
new v e r s i o n is p r e p a r e d , all p r e v i o u s r e c i p i e n t s of the p r o g r a m a r e notif ied 
p r o m p t l y . 

P r o g r a m a b s t r a c t s for the E u r o p e a n N u c l e a r E n e r g y Agency C o m 
p u t e r P r o g r a m m e L i b r a r y p r o g r a m s in the A r g o n n e Code C e n t e r c o l l e c t i o n 
have not been inc luded in th i s c o m p i l a t i o n . S e p a r a t e c o m p i l a t i o n s a r e d i s 
t r i b u t e d r e g u l a r l y to our con t r i bu t i ng i n s t a l l a t i o n s . 

I. HISTORY AND A C K N O W L E D G M E N T S 

A l m o s t twe lve y e a r s ago , a t the Second Annual M e e t i n g of the 
A m e r i c a n N u c l e a r Soc ie ty , the in i t ia l m e e t i n g of an i n f o r m a l g roup ca l l ed 
the N u c l e a r C o d e s G r o u p was he ld . T h i s g r o u p w a s c o m p o s e d of " p e r s o n s 
i n t e r e s t e d in the d e v e l o p m e n t and u s e of c o m p u t e r p r o g r a m s for r e a c t o r 
d e s i g n . " The g r o u p held r e g u l a r m e e t i n g s in con junc t ion wi th the s e m i 
annua l ANS m e e t i n g s and pub l i shed and d i s t r i b u t e d a N e w s l e t t e r con ta in ing 
code a b s t r a c t s s u b m i t t e d by m e m b e r s . T h e s e a b s t r a c t s followed the for 
m a t of the A t o m i c E n e r g y C o m m i s s i o n d o c u m e n t A E C U - 3 0 7 8 , "A Bib l iog 
r a p h y of A v a i l a b l e Digi ta l C o m p u t e r C o d e s for N u c l e a r R e a c t o r P r o b l e m s . "' 

F r o m S e p t e m b e r 1956 to D e c e m b e r 1959, ten N e w s l e t t e r s w e r e 
p u b l i s h e d and d i s t r i b u t e d t h r o u g h the a u s p i c e s of the AEC Comput ing F a c i l i t y 
a t New Y o r k U n i v e r s i t y . ^ In 1959, Ward S a n g r e n and p e r s o n n e l at G e n e r a l 
A t o m i c s ed i t ed and p u b l i s h e d 300 a b s t r a c t s co l l ec t ed f rom G r o u p m e m b e r s . ^ 
A s u p p l e m e n t a r y l i s t of 100 a b s t r a c t s was pub l i shed the following y e a r . * 

In 1959 a l s o , the N u c l e a r Codes G r o u p b e c a m e the n u c l e u s of the 
A m e r i c a n N u c l e a r S o c i e t y ' s M a t h e m a t i c s and Computa t ion Div i s ion . With 
s t a t u r e c a m e a d e s i r e for a c e n t r a l faci l i ty for the c o m p u t e r p r o g r a m 
l i b r a r y and the d i s s e m i n a t i o n of i n fo rma t ion c o n c e r n i n g p r o g r a m s w r i t t e n 
in the a r e a s of n u c l e a r p h y s i c s , r e a c t o r de s ign , and e n g i n e e r i n g . In I960 , 
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a proposal was made whereby, with the cooperation of Division members 
and installation representa t ives , and the Atomic Energy Commission 's 
approval, Argonne National Laboratory undertook to serve as this central 
agency and the Argonne Code Center was established. 

Procedures were drafted defining the material to be collected--the 
abstract and the "package"--and the responsibili t ies of the Center and the 
Installation Representat ives . The submission of the material is the re 
sponsibility of the authors either directly, or through their Installation 
Representat ive. The Center edits and publishes the abs t rac ts , and collects, 
maintains, tes ts , and distr ibutes the packages. The representat ives at 
AEC laborator ies , contracting establishments, and universi t ies serve as 
a source of information to the Center concerning programs or requests 
emanating from their installation, and it is they, in collaboration with the 
personnel at the Argonne Center, who supply the answers to the questions 
and nonroutine inquiries received. They are responsible for l ibrary pro
grams at their installations. 

In 1965 the Argonne Center became a separately-budgeted operation 
of the Reactor Physics Branch of the USAEC Division of Reactor Develop
ment and Technology, which is responsible for support of its current program. 

From 1961 until issuance of this publication in January 1968, the 
Argonne Code Center published 12 distributions containing abs t rac ts of ap
proximately 265 p rograms . This collection represents a complete revision 
of those previously published abst racts and includes, in addition, abs t racts 
prepared frono 1968 to date. 

Since the Code Center has been inbperat ion, other specialized pro
gram l ibrar ies and computer-code collections have been established. These 
include our cooperating European counterpart, the ENEA Computer P r o 
gramme Library , established at Ispra, Italy, and the Radiation Shielding 
Information Center at Oak Ridge National Laboratory (both established in 
1964), and the National Aeronautics and Space Administration COSMIC ac
tivity, initiated at the University of Georgia in 1966. 

11. ABSTRACT FORMAT 

The program abstract has been modified considerably over the years . 
Its evolutionfrom the original AECU-3078 format is due pr imar i ly to our 
experience at the Center and cooperative efforts undertaken with the ENEA 
l ibrary personnel and the American Nuclear Society's ANS-10 subcommittee 
membership . 

A. Name or Designation of P rogram 

This is the name or designation given the program(s) by the author. 
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B. C o m p u t e r for Which P r o g r a m Is Des igned and O t h e r s upon Which It 
Is O p e r a b l e 

Th i s is the n a m e of the c o m p u t e r for which the o r i g i n a l p r o g r a m 
was w r i t t e n , and, in addi t ion , n a m e s of any o t h e r c o m p u t e r s for which the 
p r o g r a m has b e e n c o n v e r t e d and e n t e r e d into the l i b r a r y even though m i n o r 
mod i f i ca t i ons m a y have b e e n m a d e . 

C. N a t u r e of P h y s i c a l P r o b l e m Solved 

T h i s is a b r i e f d e s c r i p t i o n of the p h y s i c a l p r o b l e m , inc luding any 
b a s i c p h y s i c s a p p r o x i m a t i o n s involved in the p r o b l e m f o r m u l a t i o n . 

D. Method of Solut ion 

Th i s is a s h o r t s u m m a r y of the m a t h e m a t i c a l and n u m e r i c a l t e c h 
n i q u e s o r a l g o r i t h m s u s e d in the c a l c u l a t i o n . 

E . R e s t r i c t i o n s on the C o m p l e x i t y of the P r o b l e m 

T h i s i t e m inc ludes r e s t r i c t i o n s i m p l i e d by s t o r a g e a l l o c a t i o n , such 
as m a x i m u m n u m b e r of e n e r g y g r o u p s and m e s h p o i n t s , as we l l as impl ied 
a r g u m e n t - r a n g e r e s t r i c t i o n s due to a p p r o x i m a t i o n s u s e d , e t c . 

F . T y p i c a l Running T i m e 

T h i s is the d e t a i l e d i n f o r m a t i o n n e e d e d to enab l e the po ten t i a l u s e r 
to e s t i m a t e the running t i m e for a g iven cho ice of p r o g r a m p a r a m e t e r s . 

G. Unusua l F e a t u r e s of the P r o g r a m 

T h i s s t a t e s the d i s t i n g u i s h i n g f e a t u r e s of th i s p r o g r a m and the c l a s s 
of p r o b l e m s tha t m o s t e f fec t ive ly benef i t t h e r e f r o m . T h i s c a t e g o r y should 
a l low the u s e r to s e l e c t , f r o m a n u m b e r of s i m i l a r p r o g r a m s , the one m o s t 
s u i t a b l e for a p a r t i c u l a r p r o b l e m . 

H R e l a t e d and A u x i l i a r y P r o g r a m s 

The d e t a i l s should be g iven h e r e if th i s p r o g r a m s u p e r s e d e s o r is 
an e x t e n s i o n of an e a r l i e r p r o g r a m and if o t h e r p r o g r a m s a r e u s e d in con
n e c t i o n wi th t h i s p r o g r a m , e i t h e r for p r o c e s s i n g input o r output o r a s 
s u b p r o g r a m s . 

I. S t a tu s 

The C e n t e r l i s t s h e r e the in i t i a l date of pub l i ca t ion of the a b s t r a c t , 
a s we l l as the d a t e s on which e a c h v e r s i o n in the l i b r a r y was s u b m i t t e d . 
Any t e s t i n g c o m p l e t e d at the C e n t e r is no ted . 
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J. References 

This l ists generally available mater ia l and documentation pertinent 
to the program. 

K. Machine Requirements 

This lists all hardware components necessary for full utilization 
of the program, including such items as the amount of high-speed memory, 
any auxiliary or backup storage, such as tapes, disks, and drums, the 
channel(s) configuration, and other input-output equipment such as on-line 
punch, pr inter , clock, display, or recorder . 

L. Programming Language(s) Used 

This states the programming language or languages in which the 
program has been written and indicates what percentage is in each. If a 
certain class of routines is in assembly rather than compiler language, 
this should be mentioned (in part icular , the input-output routines). 

M Operating System or Monitor under Which Program Is Executed 

Based on the operating system or monitor and associated subroutine 
l ibrary distributed by the computer manufacturer as "standard," this sum
marizes deviations pertinent to the operation of the program. It also indi
cates the installation environment report, if any, associated with the program. 

N. Other Programming or Operating Information or Restrictions 

This summarizes additional information necessary to permit the 
reader to decide the extent of changes necessary to convert this program 
to his use in another operating environment--operating system, program
ming language, and/or computer. 

O. Name and Establishment of Author 

This information refers to initial submission. Normally the author 
will be author of both the program and the abstract . Authors of different 
computer versions will be indicated here as well. 

P . Material Available 

This lists the mater ia l being distributed, i.e.. the program package 
contents. 
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Q. Category 

This is the problem classification assigned from the Center pro
gram classification guide. 

Keywords 

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

III. RECOMMENDED PROGRAM PACKAGE CONTENTS 

This section has been revised to conform to the recommendations 
outlined in the ANS publication. Nuclear Engineering Bulletin 4- 1, 
September 1966, entitled "A Code of Good Prac t i ces for the Documentation 
of Digital Computer P r o g r a m s . " 

A. Card and/or Tape Material 

1. Source Deck 

These are the compiler and/or assembly language programs 
as punched on cards or recorded in card image form on magnetic tape. 

2. Run Deck 

This is the program object deck, including any nonstandard 
l ibrary subroutines utilized, and operating system or monitor control 
cards set up for execution of the sample problem. 

3. Sample Problem 

This is the input data deck as set up for execution. Machine 
listing of storage allocation map and the problem output recorded when 
executing this sample problem are included if not available in the 
documentation. 

4. Data Library 

This includes all data files required for program operation, 
e g , c ross sections, steam tables. 

5. Auxiliary Routines • 

These are any subsidiary programs useful in preparing input 
information, processing resul ts , maintaining data l ib ra r ies , etc. 



B. P rog ram Report(s) 

1. P rogram Description 

This is the definition of the physical problem as well as the 
mathematical model. The mathematical and numerical methods employed 
are described 

2. User ' s Information 

This is the complete set of information required to use the 
program effectively. It includes operating instructions and a description 
of the input and output formats and program options in sufficient detail to 
enable the user to specify his own problem and interpret the resul ts . In
put and selected output for a sample problem are included as an example. 
This example is identical to the sample problem included in the card and/or 
tape mater ia l of the program package. 

3. P r o g r a m m e r ' s Information 

Special documentation is provided addressee! to program modi
fication and the problem of t ransferr ing the program to another machine. 
Sufficiently detailed information is provided to permit a programmer from 
another installation to decide whether he can use the program on his com
puter and then expedite the modifications necessary to make the program 
operational. This includes: 

a. A description of the hardware configuration employed, 
including the memory heirarchy and size,«and the program utilization of 
each component. 

b. Operating system information, including loader facilities, 
res t r ic t ions , and limitations, especially in regard to segmented programs. 

c. Flow charts and descriptions of the performance of 
machine-dependent routines. 

d. Procedures for use and maintenance of auxiliary data 
l ibrar ies required for effective use of the program. 

e. Glossar ies giving the correspondence between the symbols 
used in the text of the report and those used in the program. 

f. An overall view of the logical flow of the program either 
in schematic flow-chart or descriptive form. 

The detailed environment information, items a-d above, can be 
provided in two ways. One, it may be included in the program report and 
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should then be c o n s i s t e n t wi th the d e s c r i p t i o n of the I n s t a l l a t i o n E n v i r o n 
m e n t R e p o r t g iven in Sect ion C be low, as p e r t i n e n t to th i s p r o g r a m . O r , 
two, r e f e r e n c e m a y be m a d e to a p a r t i c u l a r I n s t a l l a t i o n E n v i r o n m e n t R e 
p o r t wi th only t hose opt iona l f e a t u r e s a n d / o r dev ia t ions p e r t i n e n t to t h i s 
p r o g r a m noted in the P r o g r a m R e p o r t . 

C. I n s t a l l a t i o n E n v i r o n m e n t R e p o r t 

Although a c o m p u t e r p r o g r a m m a y be c o m p l e t e l y w r i t t e n in 
m a c h i n e - i n d e p e n d e n t l anguage , such as F O R T R A N , the p r o g r a m r e q u i r e s 
a c e r t a i n m i n i m u m e n v i r o n m e n t to o p e r a t e p r o p e r l y . Th i s e n v i r o n m e n t 
c o n s i s t s of all the sof tware and h a r d w a r e d e v i c e s r e q u i r e d to c o m p i l e and 
execu te the p r o g r a m . 

Th i s sec t ion of the documen ta t i on is d e s i g n e d to spec i fy t h i s r e 
q u i r e d e n v i r o n m e n t . It should be adequa te for spec i f i ca t i on of a r e p l a c e 
m e n t e n v i r o n m e n t at a n o t h e r i n s t a l l a t i on . As a m i n i m u m , e a c h uni t of 
h a r d w a r e and so f tware a s s u m e d shou ld be l i s t e d wi th a d e s c r i p t i o n of how 
e a c h dev ice is u s e d and how e a c h rou t ine func t ions . R e f e r e n c e should be 
m a d e to a c o m p l e t e d e s c r i p t i o n , when g e n e r a l l y a v a i l a b l e . 

The h a r d w a r e e n v i r o n m e n t is s i m p l y the to ta l c o l l e c t i o n of d e v i c e s 
u s e d e i t h e r d i r e c t l y o r i n d i r e c t l y by th i s p r o g r a m . T h i s is m e a n t to include 
m a s s s t o r a g e d e v i c e s , o n - l i n e t y p e w r i t e r s , c l o c k s , s e n s e s w i t c h e s , and 
v a r i o u s input and d i sp lay d e v i c e s . The amoun t and h i e r a r c h y of m e m o r y 
r e q u i r e d for da ta s t o r a g e a r e an i m p o r t a n t a t t r i b u t e of the h a r d w a r e 
e n v i r o n m e n t . 

The so f twa re e n v i r o n m e n t m a y be c o n s i d e r e d in t h r e e p a r t s . The 
f i r s t p a r t is the s t a n d a r d s e t which m a y be e x p e c t e d to e x i s t at any i n s t a l 
l a t ion and is g e n e r a l l y p r o v i d e d by the m a n u f a c t u r e r . T h i s i nc ludes s t an 
d a r d l i b r a r y s u b r o u t i n e s , s u c h as s in and c o s ; a l o a d e r for r e l o c a t a b l e 
loading and l ink ing ; a s t a n d a r d c o m p i l e r for the l anguage u s e ; and an o p e r a 
t ing o r c o n t r o l s y s t e m . The s e c o n d p a r t is a s e t of s p e c i a l con f igu ra t ion -
t a i l o r e d s u b r o u t i n e s for da ta m a n i p u l a t i o n , s t o r a g e , and r e t r i e v a l u s e d in 
p l a c e of s t a t e m e n t s s u c h as " r e a d " and " w r i t e . " With the r ap id p r o l i f e r a t i o n 
of m a s s s t o r a g e d e v i c e s , s u c h s u b r o u t i n e s can be e x p e c t e d to g r o w in n u m b e r 
and v a r i e t y . The t h i r d p a r t is a c a t c h a l l c a t e g o r y for al l o t h e r s o f t w a r e , 
s u c h as s p e c i a l m a t r i x m a n i p u l a t i v e s u b r o u t i n e s , f r e e - f o r m a t input r o u t i n e s , 
and p l o t t e r s u b r o u t i n e s , wh ich the o r i g i n a t i n g in s t a l l a t ion u s e s as a m a t t e r 
of c o u r s e in p r o d u c i n g m a n y p r o g r a m s . 

It i s r e c o m m e n d e d that e a c h in s t a l l a t ion p rov ide g e n e r a l I n s t a l l a t i o n 
E n v i r o n m e n t R e p o r t s tha t can be r e f e r e n c e d for de t a i l s and e x c e p t i o n s in 
the ind iv idua l p r o g r a m r e p o r t s . Although t h e s e e n v i r o n m e n t r e p o r t s a r e 
s u b j e c t to change and m u s t be upda ted p e r i o d i c a l l y and unique ly ident i f ied 
to s e r v e the r e f e r e n c e p u r p o s e s p r o p o s e d , t h e i r u s e can g r e a t l y s impl i fy 
the p r e p a r a t i o n of p r o g r a m p a c k a g e s and fac i l i t a te effect ive p r o g r a m 
e x c h a n g e . 
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IV. PROGRAM CLASSIFICATION GUIDE AND THESAURUS 

A program classification scheme is being initiated with this report . 
It is intended to serve as a guide to those l ibrary programs dealing with 
the solution of a specific physical problem or area of related problems. In 
addition, a thesaurus has been prepared as a basis for the assignment of 
keywords to the l ibrary p rograms . The category and keywords listed as 
Abstract Item 17 have been assigned by the Code Center staff, but it is 
hoped that in the future they will be selected from the guide and thesaurus 
by the author of the program and/or abstract . The thesaurus follows the 
concept and design of the EURATOM thesaurus ' insofar as pract icable. 
Accepted keywords not included in the thesaurus include specific reactor 
and computer code names that are always followed by the word " reac to r s" 
or "codes," e.g., HTGR reac tors , AITP3 codes. Other accepted keywords 
are the element names and combinations of an element name and a mass 
number, e.g., hydrogen, uranium-238. 

Program Classification Guide 

A. Cross-section and Resonance-integral Calculations 

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

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

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

C. Static Design Studies 

Calculation of the reactivity and flux distribution of the reactor 
system, and adjustment of design paramete rs to prescr ibed specifications, 
i .e. , cri t icali ty and power distribution search procedures . 

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

Includes burnup programs , isotope and fission-product buildup 
and decay computations, and optimization studies. 



E . Space-independent Kinetics 

Studies of the t ime-behavior of reac tors , including delayed-neutron 
effects and feedback mechanisms, and transfer-function evaluation. 

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

Programs that consider spatial design charac ter i s t ics and accom
panying effects in studying the time behavior of the reactor . 

G. Radiological Safety, Hazard and Accident Analysis 

Calculation of internal and external dose ra tes , determination of 
reactor thermodynamic and hydrodynamic propert ies following an accident, 
e.g., release of radioactive mater ia l s , coolant system blowdown, steam 
generator rupture. 

H. Steady-state and Transient Heat Transfer 

Includes fluid-flow studies and calculations of thermodynamic 
proper t ies . 

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

Includes fuel-element design evaluations, core-configuration studies, 
and composite s tructure analysis. 

J. Gamma Heating and Shield Design P rograms 

Computation of heat-generation ra tes , and penetration analysis and 
leakage calculations for reactor shields. 

K. Total Systems Analysis 

Collections of solutions to correlated problems elicited from several 
categories , designed and used as sys tems. 

L. Data Prepara t ion 

Generation of program paramete rs ; checking, editing, and for
matting of problem input information. 

M. Data Management • 

Construction, maintenance, and retrieval of data files, e.g., c ro s s -
section l ib ra r i e s . 
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N. S u b s i d i a r y C a l c u l a t i o n s 

P l o t t i n g , ed i t ing , and d i s p l a y r o u t i n e s tha t p r o c e s s output data f r o m 
o t h e r p r o g r a m s . 

O. E x p e r i m e n t a l Data P r o c e s s i n g 

P r o g r a m s d e s i g n e d to p r o c e s s da ta d i r e c t l y a c q u i r e d f r o m an ex 
p e r i m e n t a l s i t ua t i on o r to a s s i s t the e x p e r i m e n t e r in the d e s i g n of the e x 
p e r i m e n t , inc lud ing i n s t r u m e n t r e s p o n s e and c o r r e c t i o n fac to r c a l c u l a t i o n s -

P. G e n e r a l M a t h e m a t i c a l and C o m p u t i n g S y s t e m Rou t ines 

C a l c u l a t i o n of m a t h e m a t i c a l func t ions , and s p e c i a l - l a n g u a g e r o u t i n e s 
with g e n e r a l d a t a - p r o c e s s i n g c a p a b i l i t i e s -

Q. Rad ia t i on Effec ts 

S imula t ion of r a d i a t i o n d a m a g e p r o c e s s e s in m e t a l s -

Z Data 

Data p r e p a r e d in spec i f ied p r o g r a m f o r m a t s for b e n c h m a r k s t u d i e s , 
p r o g r a m t e s t i n g , e tc-

T h e s a u r u s 

1 - dimensional 
1 - group 
2-dimensional 
2-group 
3-dinnensional 
absorption 
accidents 
activation 
aerosols 
age 
alpha decay 
angular distribution 
anisotropic scattering 
annular space 
assembler 
atmosphere 
averages 
^L iTiethod 
background 
beams 
blowdown 
Breit-Wigner formula 
breeding 
Brown-St. John model 

buckling 
capture ^ 
cell calculation 
coefficients 
Cohen equation 
coincidence methods 
compound nuclei 
containment 
continuous release 
control 
control rods 
coolants 
correlation 
c riticality 
cross sections 
c rystals 
currents 
cylinders 
Dancoff correction 
data processing 
decay 
deformation 
depletion 
design 

differential equations 
diffusion 
disadvantage factors 
distance 
distribution 
Doppler broadening 
Doppler coefficient 
dose rates 
dynamics 
economics 
effic iency 
elastic 
elasticity 
electrons 
ENDF, B 
enthalpy 
epithermal 
equations 
excursions 
expansion 
factor 
failures 
fast 
feedback 
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few- group 
finite - e l e m e n t 
f i s s ion 
f i s s ion p r o d u c t s 
fluid flow 
fluids 
flux 
F o u r i e r t r a n s f o r m 
f requency 
fuel cycle 
fuel e l e m e n t s 
fuels 
gamma rad ia t ion 
gas coolan ts 
ga se s 
g e o m e t r i e s 
g raphs 
group cons t an t s 
H a u s e r - F e s h b a c h t heo ry 
heat conduction 
heat t r a n s f e r 
heat ing 
heavy 
he l ium 
he te rogeneous 
hexagonal 
homogeneous 
hydrodynamic s 
i ncohe ren t app rox ima t ion 
ine l a s t i c 
infinite media 
input data 
in s t an taneous r e l e a s e 
i so topes 
i s o t r o p i c s c a t t e r i n g 
k ine t ics 
l a t t i c e s 
leakage 
l e a s t s q u a r e s 
L e g e n d r e coeff ic ients 
l i b r a r i e s 
l i fe t ime 
light 
l iquids 
liquid m e t a l s 
magne t i c 
m a i n t e n a n c e 
m a s s m a t r i c e s 

Maxwell d i s t r i b u t i o n 
m e a s u r e m e n t s 
m i n i m i z a t i o n 
m o d e r a t o r s 
Monte C a r l o method 
m u l t i d i m e n s i o n a l 
mu l t ig roup 
mul t i l eve l 
neu t rons 
no i se 
non l inea r 
nunner ica l ca l cu l a t i ons 
o p e r a t i n g s y s t e m s 
o p e r a t i o n 
opt ica l mode l 
output data 
p a r a m e t e r s 
p a r t i c l e s 
p e r f o r m a n c e 
p e r t u r b a t i o n t heo ry 
p h o t o m u l t i p l i e r s 
photon 
pipes 
P L method 
p l a t e s 
po ison 
p o l a r i z a t i o n 
po lynomia l s 
potent ia l s c a t t e r i n g 
power 
power p lan t s 
p r e p a r a t i o n 
p r e s s u r e 
p roduc t ion 
p r o g r a m m i n g l anguages 
pumps 
r - the ta 
r - t h e t a - z 
r - z 
r ad ia t ion effects 
r ad ioac t i v i t y 
r e a c t i o n r a t e s 
r e a c t i v i t y 
r e a c t o r safety 
r e a c t o r s 
r e s o l v e d reg ion 
r e s o n a n c e 
r e s o n a n c e e s c a p e p r o b a b i l i t y 

r e s o n a n c e i n t e g r a l s 
r e t r i e v a l 
s c a t t e r i n g 
s c a t t e r i n g law 
sc in t i l l a t i on c o u n t e r s 
s e a r c h e s 
S e l e n g u t - G o e r t z e l equa t ion 
s h e l l s 
sh ie ld ing 
s l a b s 
s lowing down 
S^ me thod 
so l ids 
so lu t ions 
space 
space - independen t 
s p a c e - t i m e 
s p e c t r a 
s p h e r e s 
s t a t i s t i c s 
s t e a m g e n e r a t o r s 
s t r e s s e s 
s t r u c t u r a l a n a l y s i s 
swe l l ing 
s y n t h e s i s 
t e m p e r a t u r e 
t e m p e r a t u r e coeff ic ient 
t h e r m a l 
t h e r m a l u t i l i za t ion 
t h e r m a l i z a t i o n 
t h e r m o d y n a m i c s 
t r a n s f e r funct ions 
t r a n s i e n t s 
t r a n s p o r t t h e o r y 
t r i a n g u l a r 
u n r e s o l v e d r eg ion 
v a p o r s 
v a r i a t i o n s 
ve loc i ty 
v i b r a t i o n s 
v i s c o e l a s t i c i t y 
w a t e r 
weight 
W i g n e r - W i l k i n s mode l 
Wilkins equat ion 
x-y 
x - y - z 
xenon 
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1. NAHE OR DESIGNATION OF PROGRAM - EXTERMINATOR/EXTERMINAT0R2 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WHICH 
IT IS OPERABLE - IBM70qO,360, GE625, CDC6600 

3. DESCRIPTION OF PROBLE" OR FUNCTION - THE MULTIGROUP, THC-DIME'J-
SIONAL NEUTRON DIFFUSION EQLIATICNS ARE SOLVED IN X-Y, H-Z, OR 
R-THETA GEOMETRY. 

<*. METHOD CF SOLUTION - THE EQUIPOISE METHOD (REFERENCE 2) IS 
EMPLOYED TO SOLVE THE FINITE-DIFFERENCE ANALOGS OF THE MULTIGPOUP 
NEUTRON OIFFUSION EQUATIONS. 

5. RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - IN EXTERMINATOR -
LET IMAX = MAXIMUM NUMBER OF ROWS 

JMAX = MAXIMU" NUMBER OF COLUMNS 
KMAX = MAXIMU" NUMBER OF GROUPS 
MMAX = MAXIMU" NUMBER OF DIFFERENT COMPOSITICNS 
NMAX = MAXIMU" NUMBER OF NUCLIDES 

THEN IMAX AND JMAX MUST BE BETWEEN 3 AND 250 
KMAX MUST BE "ETwEEN I AND 50 
MMAX MUST BE "ETWEEN I AND 400 
1MAX»JMAX MUS'' BE BETWEEN 9 AND 20000 
IMAX»KMAX MUST BE BETWEEN 3 AND 2000 
JMAX»(5+KMAX) MUST BE BETWEEN 18 AND 200U 
MMAX»NMAX MUST BE BETWEEN 0 AND 6300 
KMAX»MMAX MUS^ BE BETWEEN 1 AND 1000 
KMAX»»7«MMAX "UST BE BETWEEN 1 AND lOOOO 

SINCE FCRTRAN IV VARIABLE DIMENSIONING TECHNICUES WERE USED IN 
EXTERMINAT0R2, THE ON'Y RESTRICTION CN PROBLEM SIZE IS THE AVAIL
ABLE CORE STORAGE. T"E CODE EXAMINES THE PROBLEM SIZE AND STORES 
FLUXES AND EQUATION COEFFICIENTS (EXCEPT FOR SCATTERING MATRIX 
COEFFICIENTS WHICH AR"̂  RECALCULATED AT EACH ITERATION) ACCORDING 
TO THE MACHINE CORE S'ZE IN CNE OF FOUR WAYS -

(1) ALL FLUXES AND EQUATION COEFFICIENTS ARE CONTAINED IN CORE 
ANO NO I/O DEVICES ARE USED DURING THE ITERATIVE PART OF 
THE CALCULATION. 

(2) ALL EQUATION O Q E F F I C I E N T S ARE CONTAINED IN CORE AND I/O 
DEVICES ARE U^ED TO STORE THE FLUXES. 

(31 THE FLUXES ARF CONTAINED IN CORE AND I/C DEVICES ARE USED 
TO STORE THE i^OUATICN COEFFICIENTS. 

Ct) BOTH COEFFICI'^NTS ANC FLUXES ARE USED FROM I/O DEVICES. 
FOR A PROBLEM WITH AN I»J MESH, K ENERGY GROUPS, M DIFFERENT 
MATERIALS, N NUCLIDES, AND L SETS OF SPECIFICATIONS CF COMPOSITION 
LOCATIONS, THE CORE STORAGE REQUIRED FOR VARIABLES, WHEN ALL 
FLUXES AND COEFFICIENTS ARE LSED FROM I/O DEVICES, IS 

<a»\ • 74»J • 16»K • 2»M • 6»N • (2»M • N + 1)»K»»2 
• 8»I»J • 1<,»J»K + I5»M»K • M«N • 't»N»K • 5»L • b 

WORDS. THE CORE STORiGt REOLIRED TC BE ABLE TO CCNTAIN THE FLUXES 
AND COEFFICIENTS IN CORE IS 

«»I + 24«J • 16*'' • 2»M • 6«N + (2»M • N • 1)»K«»2 • 
8«I»J • 4»J»K + 15»M»K • M«N + '.•N'K • 5»L • 8»I»J«K + 10 

IF ALL CROSS SECTICNS ARE MACROSCOPIC, N IS I ABOVE. 
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6. TYPICAL RUNNING TIME - THE RUNNING TIME OF A PROBLEM WILL DEPEND 
UPON THE SIZE OF THE "ROBLEM, THE COMPUTER, THE COMPILER AND 
OPERATING SYSTEM BEING USED, AND THE AMOUNT OF I/O REQUIRED DURING 
THE ITERATIVE PART OF THE CALCULATION. THE FOLLOWING TABLE GIVES 
THE RUNNING TIMES AND RATES CF SOME TYPICAL PROBLEMS RUN ON THE 
IBM360/75 COMPUTER USING THE IBM FORTRAN IV COMPILER WITH LEVEL 2 
OPTIMIZATION AND OPERATING SYSTEM/360. THE MACHINE HAS A 512K 
BYTE CORE MEMORY PLUS 1024K BYTES OF LARGE CAPACITY STORAGE. 

MESH SIZE GROUPS 2311 DISK NO.ITER. TIME(MIN) RATE 

31 X 31 
42 X 25 
31 X ei 
51 X 51 

3 
9 
9 

25 

NC 
NC 
NO 
YES 

83 
151 
92 

149 

3 
17 
28 

255 

0.0007 
0.0007 
0.0008 
0.0016 

IN EXTERMINATO" THE CALCULATION RATE VARIES FROM 0.0018 TO 0 0035 
SECONO PER POI'"T PER TTERATICN PER GROUP. THE RUNNING TIMEs'oF 
SOME TYPICAL POQBLEMS WERE -

POINTS COUPS NO.ITER. TIME(MIN) RATE 

2'500 
2754 
2';97 
I'.ei 

2 
4 
7 

16 

ion 
S"! 

1 17 
IC6 

15 
37 
86 

162 

0.0018 
0.0029 
0.0024 
0.0034 

7. UNUSUAL FEATURES OF THE PROGRAM -
EXTERMINATOR AND EX T-̂ RM I NA TCR2 -

(A) 

EX 
(A l 

H-
0N6 

(B) 

(C ) 

I E R M I N I T C R ° - ' " ^ ' " ' " ^ ' ^ ' ^ * ^ ' - ° " " " 0 « *NY GROUP TO ANY OTHER. 

EIGENVALUE PROBLEMS. CONSTANT SOURCE PROBLEMS, CR POISON 
SEARCH PRCBLE"S MAY BE SOLVED. ^°i.<:n:>, UK P U I S O N 

INPUT CROSS S-^CTIONS MAY BE MACROSCOPIC, MICROSCOPIC OR 
BOTH. MICROSCOPIC CROSS SECTIONS MAY BE USED FROM A ' P R E -
VIOLSLY MADE TAPE, FROM CARDS, OR BOTH. 

U S F r ' ? N ' ? H p \ o f h ? f n y n ' ' "^ S INGLE-LINE RELAXATION MAY BE 
ERATED BY MEAN, n^ ? . . ' ' c * / " ° ' ' - ' " - "NVERGENCE IS ACCEL-
u ! ? r u T I . ^ °'^ ^^^ EXTRAPOLATED LIEBMANN PROCESS IN 
SARV . c K . r c c * ' ° ' - * ^ ^ ' ^ LIEBMANN COEFFICIENT IS MADE TO 
VARY A^ NECES<^ARY DURING THE COURSE OF A CALCULATION TO 
OBTAIN REASON'^BLE CONVERGENCE RATES. WHEN THE CONVERGENCE 
RATE DROPS BEIOW A CERTAIN LEVEL, THE FLUXES ARE EXTRAPO
LATED BY MEAN*- OF THE AITKEN DE LT A-SOUAREO PROCESS. IN 
CELL PROBLEMS ANO I N PROBLEMS IN WHICH THE GROUPS ARE NOT 
WELL-CnUPLEO, A GROUP REBALANCING PROCEDURE IS USED TO 
ACCELERATE CO«'VERGENCE. 
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7. UNUSUAL 
(0) 

FEATURE 
THE LEV 
POINTWI 
POINTwI 
MATED P 
GROUP. 

EXTERMINATCR2 

S CF THE PROGRAM (CONTINUED) 
EL OF CONVERGENCE OF A PROBLEM I 
SE FLUX CONVERGENCE, EIGENVALUE 
SE FLU» CONVERGENCE CRITERION MO 
ATE OF CONVERGENCE, AND NEUTRON 

S INDICATED BY 
CONVERGENCE, A 
DIFIEC BY THE ESTI-
BALANCES FOR EACH 

(A) 

(B) 

(C) 

(D) 

( E) 

(F ) 

EIGENVA 
SEARCH 
BE SOLV 
THE Eir, 
TION OF 
SPECIAL 
THE FLU 
THE EFF 
TO POIN 
INTC AC 
THE COO 
CALCULI 
FLUX-WE 
BE CALO 
SUCCEEO 
CIFFERF 
OPTlONA 
PER CM» 
CM»»3, 
OR NEUT 
RATES, 
TIVE HE 

LUE PRO 
PROBLEM 
ED BY n 
ENVALUF 
SLCCE 
N E U T R O 

XES ARE 
tCT ON 
T W I S E <" 
COUNT. 
£ WILL 
TIONS. 
IGHTED 
ULATED. 
ING CA<: 
NT FROM 
L CLTPU 
• 2 -SE 
POINT « 
RON PRO 
TOTAL A 
ATING A 

BLEMS, CONSTANT 
S, ANC NUCLIDE D 
IRECT ITERATION 
OF THE PROBLEM. 

DING EIGENVALUE 
N PROBLEMS CAN B 
NEGATIVE. 

THE MULTIPLICATI 
OUILIBRIUM XENCN 

SOURCE PROBLEMS, POISON 
ENSITY SEARCH PROBLEMS MAY 
WITH THE UNKNOWN TREATED AS 

INDIRECT SEARCH BY SOLU-
PROBLEMS IS ALSO INCLUDED. 
E SOLVEC IN WHICH SOME OF 

ON FACTOR AND THE FLUXES CUE 
CONCENTRATIONS MAY BE TAKEN 

CALCULATE ADJCINT FLUXES AND DO PERTURBATION 

BROAD-GROUP MICROSCOPIC CROSS SECTIONS MAY 

FS REQUIRE ONLY 
THE INPUT FROM 

T INCLUDES POINT 
OND, PCINT NEUTR 
OURCE DENSITY AS 
nuCTICNS PER CM« 
ND COMPOSITION N 
LONG DEFINED CCO 

THOSE INPUT DATA WHICH ARE 
THE PRECEDING CASE. 
-GROUP FLUXES AS NEUTRONS 
ON DENSITY AS NEUTRONS PER 
FISSIONS PER CM»»3 -SECONO 
3 -SECOND, NUCLIDE REACTION 

EUTRON BALANCES, AND CUMULA-
LANT CHANNELS. 

8. RELATED AND AUXILIARY PROGRAMS - EXTERMINATOR IS EXPECTED TO 
REPLACE THE SLOWER FEW-GROUP DIFFUSICN CODE, 20GRAND (ACC ABSTRACT 
4 0 ) . EXTERMINAT0R2 I< A FORTRAN IVVERSION OF THE CCDE EXTERMINA
TOR WITH MAJOR IMPROVMENTS. 

9. STATUS - ABSTRACT FIR^'T DISTRIBUTED APRIL 1965. 
IBM7C9C VERS'ON OF EXTERMINATOR SUBMITTED MARCH 1965. 
IBM360 VERSION OF EXTERMINAT0R2 SUBMITTED MAY 1967. 
GE625 VERSIQ" OF EXTERMINATCR2 SUBMITTED JULY 1968. 
0006600 VERS'ON OF EXTERMINAT0R2 SUBMITTED NOVEMBER 1970. 

10. REFERENCES - T. B. FOWLER, M. L. TOBIAS AND D. R. VONDY, EXTERMI-
NATOR-2 A FCRTOAN IV ""UDE FOR SCLVING MULTIGRCUP NEUTRON DIFFUSION 
EQUATIONS IN TWC DIMENSIONS, 0RNL-4C78, APRIL 1967. 

M. L. TOBIAS ANC T. B. FOWLER, THE EQUIPOISE METHOD -
A SIMPLE PRCCEOURE FO" GROUP-D1FFUSICN CALCULATIONS IN TWO AND 
THREE DIMENSIONS, NUCLEAR SCIENCE AND ENGINEERING, VCL. 12, 
PP. 513-518, 1962. 

T. B. FOWLER, M. L. TOBIAS, AND D. R. VCNDY, EXTERMI
NATOR - A MULTIGROUP CODE FCR SCLVING NEUTRON DIFFUSION EQUATIONS 
IN ONE AND TWO DIMENSIONS, ORNL-TM-842, JULY 1966. 

R. L. BKUNNENMEYER AND R. A. MICKLE, EXTERMlNATOR-2 
GE-625 VERSION (NE573» USERS NOTE, BECHTEL NOTE, JULY 1968. 
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11. 

12. 

13. 

14. 

MACHINE HEOUIKFMENTS - EXTERMINATOR - IBM7090 WITH 32K CORE, ON
LINE PRINTER, AND A MINIMUM CF 7 CHANNEL A TAPE UNITS (INCLUDING 
SYSTEM TAPE, P'PUT TA^E AND CUTPUT TAPE), AND 5 CHANNEL B TAPE 
UNITS. AN AOOTTIONAL CHANNEL B TAPE UNIT IS REQUIRED IF CROSS 
SECTIONS ARE IN MICRO^'COPIC FCRM. EXTE RM INATCR2 - A MACHINE WITH 
A MINIMUM UF APOUT 64" WORDS CF CORE STORAGE AND 5 I/O DEVICES FOR 
TEMPORARY STORAGE IN «DDITION TC THCSE FOR INPUT DATA AND PRINTED 
OUTPUT. SOME PROBLEMS MAY RECUIRE 4 ADDITIONAL I/O DEVICES. 

PRCGKAMMNG LANGUAGES U S E D 
FORTRAN IV (EXTERMINATOR?) 

FORTRAN II AND FAP (EXTERMINATOR) AND 

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
FORTRAN II, VERSION 2 MONITOR SYSTEM DESIGNATED 1BM-709F0-062 
(IBM709C), CS/'60 (IB"^60), GECCS (GE625), AND SCOPE (CCC6600). 

ANY OTHER PROGRAMMING OR OPERATING INFORMAT 
EXTERMINATOR CONSISTS OF 6 CHAIN LINKS COMP 
7000 STATEMENTS. t X Tî PM I NATCR2 CAN BE MADE 
MACHINES OF DIFFERENT CORE SIZES SIMPLY BY 
DIMENSION OF ONLY CNE VARIABLE IN A SHORT M 
COCE COMPILED UNDER THE IBM FORTRAN IV COMP 
PUTER IS ABCUT 35CC0 WORDS LCNG BUT CAN BE 
ONE-HALF THIS LENGTH PY REMOVING SOME OF TH 
OPTIONAL CALCULATICNS. USING THE OVERLAY F 
OPERATING SYSTEM, THE STORAGE REQUIREMENTS 
15C00 WCRCS. BECAUSE OF STORAGE LIMITATION 
SHCRTENEC AND THE FOLLOWING FIVE SUBROUTINE 

(1) GROUP PEBALAN'"1NG SUBROUTINE, 
(2) NEUTRON BALAN""? AND REACTION RATE P 
(3) NEUTRON ABSOR''TION AND DENSITY CALC 
(4) ADJCINT FLLX '"ALCULATION SUBROUTINE 
(5) CHANNEL HEATI^'G CALCULATIONS SUBROU 

NAME ANC ESTABLISHMENT OF AUTHORS 
7090,360 

ION CR RESTRICTIONS -
RISING APPROXIMATELY 
TC CONFORM TO 

ADJUSTING THE FIXED 
ASTER PROGRAM. THE 
ILER ON THE IBM360 COM-
SHCRTENED BY AS MUCH AS 
E SUBROUTINES WHICH DO 
EATURE OF THE 1BM360 
CAN BE REDUCED TO ABOUT 
S THE GE625 VERSION WAS 
S WERE DELETED -

RINT SUBROUTINE, 
ULATION SUBRCUTINE, 
, AND 
TINE. 

625 

T. H. FOWLER, M. L. TOBIAS, AND D. R. VONDY 
OAK "IDGE NATIONAL LABORATORY 
P. 0. BOX X 
OAK "IDGE, TENNESSEE 37830 
R. L. BRUNNENMEYER AND R. A. MICKLE 
BECH^fEL CORPORATION 
50 B^ME STREET 
SAN •"RANCISCC, CALIFCRNIA 94119 

6600 SAM "ACINO 
COMB"^TION ENGINEERING, INC. 
P. 0. BCX 5C0 
WIND"^OR, CCNNECTICUT 06095 

MATERIAL AVAILABLE - "AGNETIC TAPE TRANSMITTAL 
SOURCE DECKT (7090-7581 CARDS, 360-6643 CARDS, 625-4882 

CARD<", 6600-6964 CARDS) 
SAMPLE PROBLEMS (7090-56 CARDS, 360-67 CARDS, 6600-67 CARDS) 
REFERENCE REPORTS, 0RNL-4C78 AND ORNL-TM-842, AND NOTE 
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17. CATEGORY -
KEYWORDS - CIFFUSION FQUATICNS, 2-DI MENSlCNAL, MULTIGROUP, X-Y, 

R-Z, R-THE''A, REACTIVITY, FLUX DISTRIBUTION 
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1. NAME OR DESIGNATION OF PROGRAM - ANL THERM0S/8RT1 

7. COMPUTER FOR WHICH PROGRAM IS DESIGNED ANO OTHERS UPON WHICH 
IT IS OPERABLE - THIS ABSTRACT REFERS SPECIFICALLY TO THE 
VERSICNS OF THE CODE DESIGNED FOR USE ON THE C0C3600 COMPUTER ANO 
U N I V A C n 0 8 . VERSIONS OF THE CCDE WERE WRITTEN ORIGINALLY FOR THE 
IBM704/7CC/7090 MACHINES. 

3. DESCRIPTION CF PRCBLEM CR FUNCTICN - ANL THERMOS ANC BRTl, 
LIKE THE ORIGINAL THERMOS CODE DEVELOPED BY H. HONECK OF 
BRCCKHAVEN NATIONAL LABORATORY, COMPUTE THE SCALAR THERMAL NEUTRON 
SPECTRUM AS A FUNCTION CF POSITION IN A LATTICE BV SOLVING THE 
INTEGRAL TRANSPORT EQUATION WITH ISOTROPIC SCATTERING. ONE-
DIMENSIONAL SLAB OR CYLINDRICAL GEOMETRY MAY BE USED. AS OUTPUT 
THF CODE SUPPLIES FLUX-AVERAGED VALUES CF SIGMA A, SIGMA F, NU 
SIGMA F, SIGMA S, AND 0 FOR THE CELL COMPOSITION AND THE VALUES OF 
SIGMA A, SIGMA F, NU SIGMA F, SIGMA S, ANC SIGMA TR FOR THE 
ISOTOPIC CONSTITUENTS. 

4. METHCD CF SOLUTION - THE METHOD USED IN SOLVING THE TRANSPORT 
INTEGRAL EQUATION IS THE POWER ITERATION METHOD. TC ACCELERATE 
CONVERGENCE THE COOE USES A COMBINATION OF GAUSS ITERATION, 
RENCRMALIZATION, OVER-RE LAX AT ICN , ANC EXTRAPOLATION PROCEDURES. 

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM -
ANL THERMOS BRTl 

MAXIMUM NUMBER OF SPEED GROUPS 50 30 
MAXIMUM NUMBER OF SPACE POINTS 20 30 
MAXIMUM NUMBER OF ISOTOPES IN MIXTURE 25 30 
MAXIMUM NUMBER OF ISOTOPES IN THE EDIT 25 30 
MAXIMUM NUMBER OF MIXTURES . 5 8 

6. TYPICAL RUNNING TIMF - THE SAMPLE PRCBLEM INCLUDED IN THE CCDE 
PACKAGE TOOK SIX MINUTES ON THE 3600. THE PROBLEM IS A 2-REGION 
SLAB AND IS SOLVED USING 10 SPACE POINTS AND 30 SPEED GROUPS. 
THFRE ARE 2 MIXTURES USED. 5 MATERIALS ARE USEO IN THE CELL AND 1 
IN THE EDIT. THE TIME IN GENERAL IS A FUNCTION OF THE NUMBER OF 
SPACE POINTS AND ENERGY GRCLPS USED BY THE PRCBLEM. 

TYPICAL RUNNING TIME FOR BRTl WITH THE RANDOM ACCESS LIBRARY IS 
1 MINUTE WITH A REFLECTING BCUNCARY CONDITION ANC 30 SECONDS WITH 
A WHITE BOUNDARY CONDITION. SUCCEEDING CASES RECUIRE APPROXI
MATELY 15 SECONDS EACH. 

7. UNUSUAL FEATURES OF THE PROGRAM - THE ANL THERMOS PRCGRAM PERMITS 
AN AUTOMATED SEQUENCE IN WHICH ONE PROBLEM GENERATES A CORRECT 
ENERGY-DEPENDENT SPATIALLY-AVERAGED SET CF CROSS SECTIONS FOR USE 
IN THF NEXT PROBLEM. THIS GENERATING FEATURE FACILITATES THE 
SOLUTION OF GEOMETRICALLY COMPLEX SYSTEMS. 

IN BRTl OPTIONS INCLUDE THE WHITE BCUNCARY CONDITION, CURRENT 
CALCULATION, TRANSVERSE BUCKLING, LINEAR ANISOTROPIC SCATTERING 
CORRECTION, ANO SMEAREC CELL PUNCHED OUTPUT FOR USE AS REGION 
INPUT TO A SUCCEEDING CASE. RANDOM ACCESS LIBRARY CATA CAN BE 
STCBED ON DRUM OR DISK. 
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8 . RELATED ANO AUXILIARY PROGRAMS -

' ' L J P ' T P R E P A R E S THE CROSS SECTICN LIBRARY TAPE USED BY THERMOS 
GAKER - IS THE ASSOCIATED NELKIN KERNEL CODE. 

^ " R L I T H E - UPDATES ANO/CR PRINTS THE BRT CATA TAPE OR RANDOM 
ACCESS DATA. 

9 STATLS - ABSTRACT FIRST DISTRIBUTED FEBRUARY 1 9 6 6 . 
CDC3600 VERSION OF ANL THERMOS SUBMITTED AUGUST 1 9 6 5 , 

SAMPLE PROBLEM EXECUTED BY ACC. 
UNIVAC1108 VERSION CF BRTl SUBMITTED NOVEMBER 1 9 7 0 . 

1 0 . REFERENCES - H. C. HCNECK, A THERMALIZATION TRANSPORT THEORY CODE 
FOR REACTOR LATTICE CALCULATIONS, B N L - 5 8 2 6 , SEPTEMBER 1 9 6 1 . 

H. C. HONECK, THE DISTRIBUTION OF THERMAL NEUTRONS IN 
SPACE AND ENERGY IN REACTOR LATTICES PART 1 - THEORY, NUCLEAR S C I 
ENCE AND ENGINEERING, P. 1 9 3 , 1 9 6 0 . 

B. TOPPEL ANO I . BAKSYS, THE ARGONNE REVISED 
THERMOS COOE, ANL-7C23, MARCH 1 9 6 5 . 

C . L . BENNETT ANO W. L . PURCELL, BRT- I BATTELLE 
REVISED THERMOS, BNWL-1434, JUNE 1 9 7 0 . 

D. R. SKEEN AND L. J . PAGE, THERMOS/BATTELLE..THE 
BATTELLE VERSION OF THE THERMOS CODE, BNWL-516, JUNE 1 9 6 7 . 

1 1 . MACHINE REQUIREMENTS - THE AKL THERMCS CCCE REQUIRES A 2-BANK 
3600 COMPUTER WITH 6 TAPE UNITS , EACH BANK HAVING 32K STORAGE 
CAPACITY. 

BRTl REQUIRES A 64K MEMORY, INPUT, OUTPUT, PROGRAM, LIBRARY, 
AND PUNCH UNITS PLUS 3 SCRATCH UNITS OR EQUIVALENT DRUM STORAGE. 

1 2 . PROGRAMMING LANGUAGES USEO - FCRTRAN 63 ( C C C 3 6 0 0 ) , FORTRAN V 
(UNIVAC1108) 

1 3 . OPERATING SYSTEM CR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
STANDARD CCC3600 SCOPE MONITOR FOR ANL THERMOS. CSCX UNIVAC1108 
OPERATING SYSTEM FOR B R T l . 

1 4 . ANY CTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
DUF TO THE SIZE OF ANL THERMOS, STORAGE SPACE HAD TO BE ALLOCATED 
BY THE PROGRAMMER. THE BANK CARDS (STCRAGE ALLOCATION CARCSI ARE 
INCLUDED IN THE PROGRAM. 

1 5 . NAME ANO ESTABLISHMENT CF AUTHCRS -
3600 I . BAKSYS AND B. TOPPEL 

ARGCNNE NATIONAL LABORATORY 
9700 SOLTH CASS AVENUE 
ARGONNE, I L L I N O I S 60439 

1108 C. L. BENNETT AND W. L. PURCELL 
REACTOR PHYSICS DEPARTMENT 
BATTELLE-NCRTHWEST LABORATORY 
P. 0 . BOX 9S9 
RICHLAND, WASHINGTON 99352 
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1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECKS (ANL THERMOS 3 6 0 0 - 1 8 9 6 CARDS, L IBP 3 6 0 0 - 5 1 7 CARDS, 

GAKER 3 6 0 0 - 3 4 9 CARDS, BRTl 1 1 0 8 - 2 5 4 0 CARDS, 
RLITHE 1 1 0 8 - 4 8 3 CARDS) 

BINARY DECKS ( L I 6 P 3 6 0 0 - 3 9 3 CARDS, GAKER 3 6 0 0 - 1 7 1 CARDSI 
SAMPLE PROBLEMS (ANL THERMOS 3 6 0 0 - 3 3 CARDS, L IBP 3 6 0 0 - 1 8 3 

CARDS, GAKER INPUT 3 6 0 0 - 2 6 CARDS, GAKER OUTPUT 
3 6 0 0 - 3 2 5 CARDS, BRTl 1 1 0 8 - 2 3 CARDSI 

LIBRARY ( B R T l 1 1 0 8 - 7 4 4 8 CARDS) 
REFERENCE REPORTS, A N L - 7 0 2 3 , B N L - 5 8 2 6 , BNWL-1434 

1 7 . CATEGORY - B 
KEYWORDS - THERMAL SPECTRA, TRANSPORT THEORY, L A T T I C E S , SLABS, 

CYLINDERS, 1 -DIMENSIONAL, ISCTROPIC SCATTERING, CROSS 
SECTIONS, L I B P COOES, GAKER CODES, RLITHE CODES 
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1 . NAME OR DESIGNATION OF PROGRAM - SAFE-PLANE 

2 . COMPUTER FOR WHICH PROGRAM IS CESIGNED AND CTHERS UPON WHICH 
IT IS OPERABLE - U N I V A C 1 1 0 8 , CDC6600 

3 . OESCRIPTICN OF PRCBLEM CR FUNCTION - SAFE-PLANE IS APPLIED TO TWO-
DIMENSIONAL STRUCTURES OF ARBITRARY GECMETRY UNDER IN-PLANE LOADS. 
EITHER PLANE STRESS OR PLANE STRAIN CONDITIONS MAY BE IMPOSED. 
MECHANICAL AND/OR THERMAL LOACS ARE PERMITTED. 

4 . METHOD CF SOLUTION - THE F I N I T E ELEMENT METHOD I S USED TO CON
STRUCT A MATHEMATICAL MCDEL BY ASSEMBLING DISCRETE ELEMENTS. THE 
TOTAL POTENTIAL ENERGY OF THE STRUCTURE IS DETERMINED AND SUBSE
QUENTLY MINIMIZED BY ITERATION ON COMPONENTS OF THE DISPLACEMENT 
FIELD UNTIL STATIC EQUILIBRIUM CF THE STRUCTURE IS ATTAINED. 
STRAINS ANC STRESSES ARE COMPUTED FROM THE RESULTING DISPLACE
MENTS. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM -
MULTI-MATERIAL STRUCTURES WITH VARYING R I G I D I T I E S CONVERGE VERY 

SLOWLY. 
NCT VALID FOR INCOMPRESSIBLE MATERIALS. 
MAXIMUM NUMBER OF NOCAL PCINTS = 675 
MAXIMUM NUMBER OF ELEMENTS = 1350 

6. TYPICAL PUNNING TIME - LESS THAN 3 MINUTES ARE REQUIRED FOR A FULL 
CAPACITY PROBLEM ON THE 1 1 0 8 . 

7. UNUSUAL FEATURES CF THE FRCGPAM -

8 . RELATED AND AUXILIARY PROGRAMS - OTHCR PROGRAMS USEFUL FOR STRESS 
ANALYSIS CF PRESTRESSED CONCRETE REACTOR VESSELS ARE SAFE-AXISYM 
(ACC ABSTRACT 251) ANO SAFE-PCRS (ACC ABSTRACT 2501 FCR AXISYM
METRIC COMPOSITE STRUCTURES ANO SAFE-SHELL (ACC ABSTRACT 253 ) FOR 
THIN SHELLS OF REVOLUTION. CN THE 1 1 0 8 , IC0N2 (A CONTOUR PLOTTING 
PROGRAM) PLOTS THE POINTWISE STRESS/STRAIN OUTPUT AS A SERIES OF 
EQUAL INTENSITY CONTOURS. SAFE-PLANE REPLACES PIZZA (ACC ABSTRACT 
2 3 0 1 . 

9 . STATUS - ABSTRACT FIRST DISTRIBUTED APRIL 1 9 6 7 . 
IBM7044 VERSION SUBMITTED AUGUST 1 9 6 6 , DELETED OCTOBER 

1 9 6 7 . 
UNIVAC1108 VERSION SUBMITTED OCTOBER 1 9 6 7 . 
C0C6600 VERSION SUBMITTED JULY 1 9 7 0 . 

1 0 . REFERENCES - INPUT INSTRUCTIONS FOR SAFE-PLANE COMPUTER PROGRAM. 
YUSEF R. RASHID, ANALYSIS OF AXISYMMETRIC COMPOSITE 

STRUCTURES BV THE F I N I T E ELEMENT METHOD, G A - 6 7 6 3 , OCTOBER 1 5 , 
1 9 6 5 . 

PRESTRESS CONCRETE REACTCR VESSELS ANALYTICAL METHODS 
DEVELOPMENT, GACD-7258, JUNE 1 9 6 6 . 

0 . C. CORNELL, SAFE-PLANE, A COMPUTER PROGRAM FOR THE 
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1 0 . REFERENCES (CONTINUED! 
STRESS ANALYSIS AND DESIGN OF TWC-DIKEKSICNAL COMPOSITE BODIES, A 
USERS MANUAL, GA-7851, JUNE 30, 1967. 

11. MACHINE REQUIREMENTS - APPROXIMATELY 47000 WORDS (BASE 10) PLUS 
THE OPERATING SYSTEM (1108). REQUIREMENTS CAN BE EASILY REDUCED 
BY SIMPLE ADJUSTMENT OF DIMENSION STATEMENTS. 

12. PROGRAMMING LANGUAGE USED - FORTRAN IV 

13. OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -

14. ANY CTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

15. NAME AND ESTABLISHMENT OF AUTHCRS -
1108 D. C. CORNELL 

GULF GENERAL ATOMIC INCORPORATED 
P. 0. BOX 6C8 
SAN DIEGO, CALIFORNIA 92112 

6600 MORRIS REICH 
BROOKHAVEN NATIONAL LABORATORY 
UPTON, LONG ISLAND, NEW YORK 11973 

1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL ( 2 TAPES) 
SOURCE DECKS ( 1 1 0 8 - 1 0 2 9 CARDS, 6 6 0 0 - 1 0 7 2 CARDS) 
SAMPLE PROBLEMS ( 1 1 0 8 - 1 4 2 CARDS, 66CC-735 CARDS) 
REFERENCE REPORTS AND INPUT INSTRUCTIONS 

1 7 . CATEGORY - I 
KEYWORDS - STRUCTURAL ANALYSIS, STRESSES, 2 -DIMENSIONAL, F I N I T E -

ELEMENT 
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1 . NAME OR DESIGNATION OF PROGRAM - MANTA 

2 . COMPUTER FOR WHICH PROGRAM IS CESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - GE635, CDC6<00 ,760C 

3. DESCRIPTION OF PROBLEM CR FUNCTION - MANTA IS A PRCGRAM WHICH PRO
VIDES A THERMAL-HYDRAULIC NODAL ANALYSIS IN THE STEADY STATE. I T 
WAS DESIGNED TC ANALYZE FUEL ELEMENT CONFIGURATION IN THE SUPER
HEAT OFVELOPMENT PROGRAM. MANTA ANALYZES MIXING BETWEEN COOLANT 
CHANNELS, ALLOWS FOR TEMPERATURE VARIANT CONDUCTIVITY I N ADMIT
TANCE CALCULATIONS, ANC MULTIPLE STACKEC SEGMENTS THROUGH THE FUEL 
RFGION FOR A 7 ELEMENT CLUSTER ANALYSIS OVER A LENGTH OF UP TO 
8 FEET. MANTA IS DESIGNED FCR SINGLE-PASS STEAM FLOW. THE 
FLOW DIRECTION I N THE COOLANT CHANNELS MAY BE EITHER UP OR DOWN, 
THEREBY PERMITTING THE ANALYSIS OF TWO-PASS AS WELL AS SINGLE-PASS 
FUEL ELEMENTS. MANTA ACCOUNTS FCR THE HEAT TRANSFER AND PRESSURE 
DROP THAT MAY OCCUR BETWEEN COOLANT CHANNELS DUE TC MIXING AS WELL 
AS TC THE CONVENTIONAL HEAT TRANSFER ANO PRESSURE DROP RELATION
SHIPS DUE TO F R I C T I O N , D I S C O N T I N U I T I E S , ACCELERATION, CONVECTION, 
CONDUCTION, AND R A D I A T I O N . MANTA ALLOWS FOR THE CALCULATICN AT 
EACH NODE OF THE MATERIAL PROPERTIES V I S C O S I T Y , SPECIFIC HEAT, 
CONDUCTIVITY, ANO SPECIFIC VOLUME TC CCRRESPCNC TO THE ACTUAL NODE 
TEMPERATURE BEING SOLVED FOR. THE CDC6600 VERSION USES SODIUM 
FOR THE WCRKING FLUIC RATHER THAN STEAM. 

4 . MFTHOD OF SOLUTION - THE PROGRAM EMBODIES TWO INDEPENDENT A N A L Y T I 
CAL SCLUTICNS. THE SOLUTICN PROCEEDS BY SOLVING FOR THE NODE TEM-
PFRATURES OF THE FIRST SEGMENT, EVALUATING THE CHANGE IN COOLANT 
TEMPERATURE, AND PROCEEDING TO CALCULATE THE TEMPERATURES CF THE 
SECOND SEGMENT. THIS PROCESS CONTINUES UNTIL ALL SEGMENT TEM
PERATURES HAVE BEEN EVALUATED. A PRESSURE DROP CHECK ON EACH 
CCCLANT CHANNEL IS THEN MADE WHICH REQUIRES THAT ALL CHANNEL PRES
SURE DROPS BE WITHIN SPECIFIED INPUT VALUES. IF THESE VALUES ARE 
NOT CONVERGED, A NEW FLOW RATE FCR EACH CHANNEL IS DERIVED AND THE 
SOLUTICN REPEATED UNTIL CONVERGENCE IS ACHIEVED. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA CF -
2.">0 NCDES 

1 TO 100 INTERNAL NCDES 
101 TC 150 SURFACE NODES 

48 CCCLANT NCDES 
24 COOLANT CHANNELS 
20 SEGMENTS 

6 CONNECTIONS PER NODE EXCEPT FCR THE CCOLANT NODES WHICH 
HAVE 5 

6 . TYPICAL RUNNING TIME - ABOUT 3 SECONDS PER NODE ARE REQUIRED ON 
THE G F 6 3 5 . 

7 . UNUSUAL FEATURES OF THE PRCGRAM -
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8. RELATED AND AUXILIARY PROGRAMS - MANTA USES THE TIGER5 METHOD FOR 
THERMAL-HYDRAULICS CALCULATIONS. 

9 . STATUS - ABSTRACT FIRST DISTRIBUTED APRIL 1 9 6 7 . 
GE635 VERSION SUBMITTED NOVEMBER 1 9 6 6 . 
C0C6600 VERSION SUBMITTED JANUARY 1 9 7 0 . 

1 0 . REFERENCES - S . F. ARMOUR ANC C. L . SMITH, MANTA-MIXING ANALYZED 
NODAL THERMAL-HYDRAULIC ANALYSIS, G E A P - 4 8 0 5 , FEBRUARY 1 9 6 5 . 

DESCRIPTION-STEAM PROPERTY FUNCTIONS, I I F 0 0 1 - F 0 2 9 . 
NELS J . ANDERSON, J R . , IDFTAP, A FORTRAN IV FUNCTION 

SUBPROGRAM, S 5 T 0 0 1 , JANUARY 1 5 , 1 9 6 5 . 
SYSTEM ROUTINE ENSERT, CDC NOTE. 
B I T A , GESJ NOTE. 

1 1 . MACHINE REQUIREMENTS - 35K GE635, WITH 3 SCRATCH TAPES 

1 2 . PROGRAMMING LANGUAGE USEO - FORTRAN IV 

1 3 . OPERATING SYSTEM OR MONITOR UNCER WHICH PROGRAM IS EXECUTED -
GECOS (GE635) AND SCOPE ( C D C 6 6 0 0 ) . 

14 . ANY CTHER PROGRAMMING CR OPERATING INFORMATION OR RESTRICTIONS -
MANTA REQUIRES THE USE OF STEAM PROPERTIES WHICH ARE NOT SUPPLIED, 
BUT A SUBROUTINE WRITEUP IS INCLUDED. A TAPE D E F I N I T I O N SUBRCU
TINE WRITEUP IS ALSC INCLUCEC. A CDC6600 SYSTEM ROUTINE ENSERT 
WAS USEO TO MAKE THE GE635 SUBROUTINE BITA OPERATIONAL. ALSC, ON 
THE CDC6600 IT IS NECESSARY TO USE A MOCE(O) CONTROL CARD, WHICH 
PREVENTS THE ERROR EXIT FRCM THE COMPUTER DUE TO THE GENERATION 
OF AN I N F I N I T E OR INDEFINITE ( I . E . X / 0 ) . ON THE G E 6 3 5 , D I V I S I O N 
BY ZERO RETURNS A 0 . 

1 5 . NAME AND ESTABLISHMENT OF AUTHCRS -
635 M. J. STECWELL M/C 311 

NUCLEAR ENERGY DIVISION 
GENERAL ELECTRIC COMPANY 
175 CUPTNER AVENUE 
SAN JOSE, CALIFCRNIA 95125 

635 8. G. ATRAZ 
ADVANCED PRODUCTS OPERATION 
GENERAL ELECTRIC COMPANY 
310 DE GUIGNE CRIVE 
SUNNYVALE, CALIFORNIA 94086 

6600 E. H. NCVENCSTERN 
WESTINGHOUSE ELECTRIC CORPORATION 
ADVANCEC REACTORS DIVISION 
WALTZ MILL SITE 
BOX 158 
MADISON, PENNSYLVANIA 15663 
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1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SCURCE CECKS ( 6 3 5 - 4 7 7 4 CARDS, 6 6 0 0 - 4 9 4 0 CARDS) 
SAMPLE PROBLEMS ( 6 3 5 - 2 0 6 CARCS, 6 6 0 0 - 1 4 9 CARCSI 
SAMPLE PROBLEM OUTPUT ( 6 6 0 0 - 4 9 PAGES) 
REFERENCE REPORTS ANC NOTES 

1 7 . CATEGORY - H 
KEYWORDS - FUEL ELEMENTS, TEMPERATURE D ISTRIBUT ION, HEAT TRANSFER, 

FLUID FLOW 



366.2 



397 

ACC ABSTRACT 271 -2- 03/72 

15. NAME AND ESTABLISHMENT OF AUTHOR -
R. A. BLAINE 
SUPERVISOR, REACTOR COMPJTING SYSTEMS UNIT 
MATHEMATICS AND COMPUTER SCIENCESi 
ATOMICS INTERNATI3SAL 
P. 0. BOX 309 
CANOGA PARl(, CALIFORNIA 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSHITfAL 
SOURCE DECK (929 CARDS! 
OBJECT DECK 1980 CARDS) 
TEMPEST AND FORM DECIMAL LIBRARIES (7078 CARDS) 
REFERENCE REPORTS (FLOWCHART VOLJME MAY BE REQUESTED ON A LOAN 

BASIS ONLY) 

17. CATEGORY - M 
KEYWORDS - CROSS SECTIONS, LIBRARIES, PREPARATlO'J, MAINTENANCE, 

RETRIEVAL, FORM CODES, THREOES CODES, DATA MANAGEMENT 
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1 . NAME OR D E S I G N A T I O N OF PROGRAM - F I G R O 

2 . COMPUTER FOR WHICH PROGRAM I S D E S I G N E D AND OTHERS UPON WHICH 

I T I S OPERABLE - C D C 6 6 0 0 

3 . D E S C R I P T I O N OF PROBLEM OR F U N C T I O N - F I G R O C A L C U L A T E S THE C N E - D I 
MENSIONAL S T E A D Y - S T A T E TEMPERATURE D I S T R I B U T I O N ANC T O T A L FUEL 
SWELL ING FOR M E T A L - C L A D , A X I S Y M M E T R I C , B U L K - C X I D E C Y L I N D R I C A L FUEL 
E L E M E N T S . THF FUEL PELLET MAY BE S O L I C , ANNULAR, OR C O N T A I N TWO 
R A D I A L Z O N E S . O X I D E FUEL THERMAL C O N D U C T I V I T Y I S A F U N C T I O N OF 
T E M P E R A T U R E , D E P L E T I O N , AND P O R O S I T Y . FUEL S W E L L I N G I S A F U N C T I O N 
OF T E M P E R A T U R E , C E P L E T I C N , INTERNAL H Y C R O S T A T I C P R E S S U R E , AND F I S 
S I O N I N G R A T E . F U E L - C L A D GAP CONDUCTANCE I S A F U N C T I O N OF GAS C O M 
P O S I T I O N , T E M P E R A T U R E , AND GAP T H I C K N E S S AT O P E R A T I N G C O N D I T I O N S . 
E I T H E R THE CLAD SURFACE FLUX OR THE TEMPERATURE AT THE I N S I D E 
R A D I U S OF THE FUEL MAY BE S P E C I F I E D AS A BOUNDARY C O N D I T I O N FOR 
THF HEAT CONDUCTION E Q U A T I O N . THERMAL E X P A N S I O N OF THE F U E L AND 
C L A D D I N G I S ACCOUNTED FOR. T R A N S I E N T TEMPERATURE C A L C U L A T I O N S CAN 
THEN BE PERFORMED S T A R T I N G FROM THE S T E A D Y - S T A T E S C L U T I O N W I T H 
U S E R - S P E C I F I E D HEAT G E N E R A T I O N AND WATER TEMPERATURE T A B L E S . 

4 . METHOD OF SOLUTION - FUEL SWELLING I S CCMFUTEO FROM E I T H E R THE 
G R F E N w n O C - S P E l G H T MCDEL CR THE ASSUMPTION OF F I X E D BUBBLE NUMBER 
ANO S P A C I N G . THERMAL C O N D U C T I V I T Y OF THE C L A D D I N G IS A F U N C T I O N 
OF T E M P E R A T U R E . THAT OF THE FUEL I S C A L C U L A T E D FROM A F U N C T I O N A L 
R E L A T I O N S H I P I N V C L V I N G T E M P E P A T U R E , C E P L E T I O N , P O R O S I T Y , AND 
MATERIAL P R O P E R T I E S . HEAT TRANSFER AT GAPS AND I N T E R F A C E S I S 
DESCRIBED BY U S E R - S P E C I F I E D HEAT TRANSFER C O E F F I C I E N T S OR BY A 
MODEL BASED ON CONDUCTICN THROUGH A P H Y S I C A L GAP WHOSE S I Z E I S 
DETERMINED BY FUEL AND CLAD D I F F E R E N T I A L THERMAL E X P A N S I O N , BY 
FUEL S W E L L I N G , AND BY CLAD I N - P I L E CREEP S H R I N K A G E . THE GAP GAS 
C O N D U C T I V I T Y I S A F U N C T I O N CF TEMPERATURE ANC GAS C O M P O S I T I O N . 
THF T R A N S I E N T CONDUCTION E Q U A T I O N S ARE SOLVED BY A C R A N K - N I C O L S O N 
SCHEME FOR THE FUEL ANC A LUMPED PARAMETER MODEL FOR THE C L A D . 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF THE PROBLEM - EACH FUEL ZONE MAY 
BE S U R O I V I D F D I N T O A MAXIMUM OF 50 C O N C E N T R I C E O U A L - T H I C K N E S S 
A N N U L I FOR THF C A L C U L A T I C N CF TEMPERATLRE ANC FUEL GROWTH. 

6 . T Y P I C A L RUNNING T I M E - THE E S T I M A T E D R U N N I N G T I M E I S 2 SECONDS 
FOR A S P E C I F I E D C L A D - S U R F A C E FLUX PROBLEM ANC 1 0 SECONDS FOR A 
S P E C I F I E D INTERNAL FUEL TEMPERATURE P R O B L E M . 

7 . UNUSUAL FEATURES OF THE PRCGRAM -

3 . RELATED AND A U X I L I A R Y PROGRAMS - I N FUEL ELEMENT D E S I G N S T U D I E S 
F I G R O I S USED TO SET B A S I C TEMPERATURE PARAMETERS AND AS A SURVEY 
TOCL FCR COMPARING C E P L E T I O N C A P A B I L I T I E S , W I T H CYGRO (ACC 
ABSTRACT 2 6 6 ) USEO TC C O N F I R M THE A N A L Y S I S OF FUEL ELEMENT 
B E H A V I O P . F I G R O USES THE B E T T I S E N V I R O N M E N T A L R O U T I N E S (ACC 
ABSTRACT 4 7 8 ) . 
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9 . STATUS - ABSTRACT FIRST DISTRIBUTED DECEMBER 1 9 6 7 . 
PHILCO 2 0 0 0 VERSION SUBMITTED MARCH 1 9 6 7 , DELETED JUNE 

1 9 6 8 . 
COC6600 VERSION SUBMITTED JUNE 1 9 6 8 , REPLACED BY 

UPDATED VERSION JANUARY 1 9 7 1 . 

1 0 . REFERENCES - I . GOLDBERG, L . L . LYNN, AND C . D. SPHAR, FIGRO -
FORTRAN IV DIGITAL COMPUTEP PROGRAM FOR THE ANALYSIS OF FUEL 
SWELLING AND CALCULATION OF TEMPERATURE IN BULK-OXICE CYLINDRICAL 
FUEL ELEMENTS, WAPD-TM-618 , CECEMBER 1 9 6 6 . 

L. A. WALDMAN, L. L. LYNN, AND I . GOLCBERG, FIGRO 
(ADDENDUM) - A CDC-6600 COMPUTER PROGRAM FOR THE ANALYSIS OF FUEL 
SWELLING ANO CALCULATION OF TEMPERATURE IN BULK-OXIDE CYLINDRICAL 
FUEL ELEMENTS (LWBR-LSBR DEVELOPMENT PRCGRAM), WAPD-TM-618 ADDEN
DUM I , OCTOBER 1 9 6 7 . 

I . GOLCBERG ANC L . L. LYNN, FIGRO (ADDENDUM I I I -
A CDC-6600 COMPUTER PROGRAM FOR THE ANALYSIS OF FUEL SWELLING AND 
CALCULATION OF TEMPERATURE IN BULK-OXIDE CYLINDRICAL FUEL ELEMENTS 
(LWBR-LSBR DEVELOPMENT PROGRAM), WAPD-TM-618 ADDENDUM I I , APRIL 
1 9 7 0 . 

C . J . PFEIFER, CCC-6600 FORTRAN PROGRAMMING - BETTIS 
ENVIRONMENTAL REPORT, WAPD-TM-668, JANUARY 1 9 6 7 . 

11. MACHINE REQUIREMENTS -

12. PROGRAMMING LANGUAGE USEO - FORTRAN IV 

13. OPERATING SYSTEM CR MONITOR UNCER WHICH PRCGRAM IS EXECUTED -
SCOPE 3.1. 

14. ANY CTHEP PROGRAMMING CR OPERATING INFCRMATION OR RESTRICTIONS -
FIGRO USES THF INPF PACKAGE DESCRIBEO IN REFERENCE 4. 

15. NAME AND ESTABLISHMENT OF AUTHCRS -
L. L. LYNN, L. A. WALDMAN, I. GCLCBERG, 
ANC C. D. SPHAR 
WESTINGHOUSE ELECTRIC CORPORATION 
BETTIS ATOMIC POWER LABORATORY 
P. 0. BCX 79 
WEST MIFFLIN, PENNSYLVANIA 15122 

16. MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL 

SOURCE CECK (3302 CARDSI 
SAMPLE PRORLEM (37 CARDS) 
SAMPLE PROBLEM OUTPUT LISTING (13 PAGES) 
REFERFNCE REPORTS AND ADDENDA 

17. CATEGORY - H 
KEYWORDS - TEMPERATURE DISTRIBUTION, FUEL ELEMENTS, CYLINDERS, 

THERMAL EXPANSION, CEPLETION, HEAT TRANSFER, FUEL 
SWELLING, HEAT CCNDLCTION 
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1. NAME OR DESIGNATION OF PROGRAM - THREOES 

2. COMPUTER FDR WHICH PROGRAM IS OESIGNEO' AN3 OTHERS UPON WHICH 
IT IS OPERABLE - IBM360 

3. DESCRIPTION OF PROBLEM OR FUNCTION - THREDES IS A SCIENTIFIC 
APPLICATIONS PROGRAMMING SYSTEM. I >iC0RP3R AT ED IN THIS SYSTEM ARE 
THE NECESSARY MODULES TO PERFORM PARAMETRIC DESIGt* STUOIES OF 
THERMAL REACTORS INCLUDING THE THER'iAL CELL HOMOGE NI ZA Tl ON (BAM -
ACC ABSTRACT 108), THE FAST SPECTRUM CALCJLATION IiFORii - ACC 
ABSTRACT 51), REACTOR OIFFUSION THEORY (FOG - ACC ABSTRACT 28), 
AND ZERO-DIMENSIONAL BURNUP (KINDLE) CALCULATIONS. THESE MODULES 
CAN BE USED IN CONJUNCTION WITH ONE ANOTHER OR INDIVIDUALLY. 

4. METHOD OF SOLUTION -
BAM - ASSUMES SEPARABILITY OF SPACE AND ENERGY - ITERATES 

BETWEEN TEMPEST-II TO OBTAIN WIGNER-WILKINS, WILKINS 
OR MAXWELLIAN AVERAGED CROSS SECTIONS ANO THE 
CYLINDRICAL CELL COOE TO OBTAIN THERMAL DISADVANTAGE 
FACTORS. PHYSICS OATA IS MADE AVAILABLE FOR USE IN 
FORM ANO FOG OR KINDLE. 

FORM - SOLVES THE FOURIER TRANSFORM OF THE BOLTZMANN EQUATION 
FOR THE FAST SPECTRUM A^D PREPARES PHYSICS DATA FOR 
USE IN FOG OR KINDLE. 

FOG - SOLVES THE 4 GROUP OIFFJSION THEORY APPROXIMATION TO 
THE ONE-DIMENSIONAL TRANSPORT EQUATION USING A STAN
DARD FINITE-DIFFERENCE SCHEME. 

KINDLE - PERFORMS AN ANALYTIC SOLUTION OF ISOTOPE EOUATIONS AND 
REACTIVITY EQUATIONS. 

5. RESTRICTIONS ON THE COMPLEXITY OF THE PR38LEM - MAXIMA OF -
BAM -

10 REGIONS 
100 SPACE POINTS 
20 ISOTOPES PER REGION 

FORM -
18 DIFFERENT ISOTOPES 

FOG -
4 GROUPS 

238 SPACE POINTS 
KINOLE -

2 GROUPS 

6. TYPICAL RUNNING TIME - 5 TO 10 MINUTES ARE REQUIRED. 

7. UNUSUAL FEATURES OF THE PROGRAM -
(A) EMPHASIS ON MULTIPLE CASES WITH ONLY CHANGES SPECIFIEO T3 

ALLOW RAPID PARAMETER SURVEYS. I-T.CU IJ 
(B) ABILITY TO USE MOOULES INDIVIDUALLY. 
IC) USE OF MODULES AS AN INTESRATED SYSTEM TO PREPARE OATA FOR 

ID) ABILITY TO PERFORM ENTIRE REACTOR DESIGN CALCJLATIONS IH 
ONE COMPUTER RUN. 
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1 . NAME OR DESIGNATION CF PROGRAM - PDC7 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT I S OPERABLE - C0C660O, IBM360 

3 . DESCRIPTION OF PROBLEM OP FUNCTION - PCQ7 SOLVES FEW-GROUP NEUTRON 
DIFFUSION-DEPLETION PROBLEMS IN CNE, TWO, AND THREE DIMENSIONS. 
ADJOINT SOLUTIONS ARE ALSO AVAILABLE AND TWO OVERLAPPING THERMAL 
GROUPS MAY BE USED IN CNE ANC TWO-DIMENSIONAL PROBLEMS. EITHER 
POINTWISE OR REGIONWISE DEPLETION MAY BE PERFORMED USING THE HAR
MONY DEPLETION SYSTEM. THE GEOMETRY MAY BE RECTANGULAR, C Y L I N D R I 
CAL, OR SPHERICAL I N ONE DIMENSION, RECTANGULAR, CYLINDRICAL, OR 
HEXAGONAL IN TWO DIMENSIONS, AND RECTANGULAR CR HEXAGCNAL IN THREE 
DIMENSIONS. ALL GEOMETRIES PROVIDE FOR VARIABLE MESH SPACING IN 
ALL DIMENSIONS. ZERO FLUX, ZERC CURRENT, ANC ROTATIONAL SYMMETRY 
BOUNCARY CONDITIONS ARE AVAILABLE, AND BOUNDARY VALUE PROBLEMS MAY 
BE SOLVED BY SPECIFYING THE FLUX VALUES ON ONE OR MORE BOUNDARIES. 
THE BETTIS REVISED P0Q7 MAY BE USED TO ALSO SOLVE ADDITIVE FAST-
SOURCE ANC S I M P L I F I E D PL PROBLEMS AS WELL AS THE THREE-DIMENSIONAL 
SYNTHFSIS EIGENVALUE PROBLEM. CONTROL SEARCHES, THERMAL FEEDBACK, 
AND XENON FEEDBACK ARE OPTIONAL. 

4 . METHCD CF SOLUTICN - DIFFERENCE EQUATIONS ARE OBTAINED AT EACH 
POINT BY INTEGRATING THE DIFFERENTIAL EQUATIONS OVER AN APPROPRI
ATE MESH ELEMENT. THE RESULTING EQUATIONS ARE THREE-POINT, F I V E -
POINT , AND SEVEN-POINT I N CNE, TWO, ANC THREE CIMENSIONS EXCEPT 
FOR HEXAGONAL GEOMETRY, WHERE THE NUMBER OF POINTS IS INCREASED BY 
TWO. THE GRCUP EQUATIONS ARE SOLVED USING A SINGLE-LINE CYCLIC 
CHEBYSHEV SEMI - ITERATIVE TECHNIQUE ANC THE SOURCE ITERATIONS ARE 
ACCELERATED BY A PROCEDURE BASED ON CHEBYSHEV POLYNOMIALS. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE* PROBLEM - THE TOTAL NUMBER 
OF GROUPS IS L I M I T E D TO 5 . THE PRODUCT OF GROUPS AND POINTS CAN
NOT EXCEED 3 0 0 , 0 0 0 ANC THE PLANE SIZE IN THREE-DIMENSIONAL PROB
LEMS I S RESTRICTED TO 8000 POINTS. FOR THE BETTIS REVISED PDQ7 
SIX EQUATIONS MAY BE SOLVED WHEN THE FAST GROUP TREATMENT I S S I M 
P L I F I E D P 3 . THERE ARE VERY FEW FIXED CONSTRAINTS ON SPATIAL PROB
LEM S I Z E S . THE BETTIS REVISED PDQ7 HAS SUCCESSFULLY RUN EXPLIC IT 
THREE-DIMENSIONAL PROBLEMS UP TO ABOUT 8 0 0 , 0 0 0 GROUP POINTS. 
THREE-DIMENSIONAL SYNTHESIS PROBLEMS UP TO 1 5 , 0 0 0 , 0 0 0 GROUP POINTS 
HAVE ALSO SEEN EXECUTED SUCCESSFULLY. 

6 . TYPICAL RUNNING TIME - THE RUNNING TIME IN HCURS MAY BE ESTIMATED 
BY D I V I D I N G THE PRODUCT OF GROUPS ANO POINTS BY 1 5 0 0 0 0 . THE AC
TUAL TIME MAY VARY WICELY FROM THIS ESTIMATE DUE EITHER TO SPECIAL 
CONVERGENCE D I F F I C U L T I E S OR TO THE COMPLEXITY CF THE DEPLETION 
FORMULATION. SAMPLE PROBLEM RUNNING TIME ON THE 3 6 0 / 7 5 I S ABCUT 
3 MINUTES. 

7 . UNUSUAL FEATURES OF THE PROGRAM -
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8 . RELATED AND AUXILIARY PROGRAMS - " A ^ ^ O ^ ^ I " ^ ^ , " ^ ! / * ' R O S r S E C -
CN CARDS OR MAY BE OBTAINEC FROM A F ILE GENERATED BY A (CROSS SEC 
??0N PROGRAM. ON REQUEST, PDQ7 WILL PREPARE O^TPU^ FILES CON
TAINING FLUX, CONCENTRATION, PO"ER. INTEGRAL. AÎ D GEOMETRY DATA, 
AND THFSF FILES MAY BE FURTHER PROCESSED IN AUXILIARY PROGRAMS. 
THE BFTTIS VERSION OF PD07 USES THE NEW BETTIS ENVIRONMENTAL ROU-
{ ^ N E I ! WHICH HAVE NOT BEEN RELEASED AS YET. THE B*W VERSION USES 
T I J E B ^ W VERSION OF THE BETTIS ENVIRONMENTAL ROUTINES (ACC ABSTRACT 
4 7 8 ) . 

9 STATUS - ABSTRACT FIRST DISTRIBUTED CECEMBER 1 9 6 7 . 
9 . STATUS *BSTRACT^^i^^^^^ ^SflsWH SUBMITTED MAY 1 9 6 7 , REPLACED BY 

UPDATED VERSION JUNE 1 9 7 1 . 
IBM360 ( IBM) VERSION SUBMITTED FEBRUARY 1 9 6 9 , DELETED 

NOVEMBER 1 9 7 1 . 
CCC6600 (BABCCCK ANC WILCOX) VERSION SUBMITTED FEBRUARY 

1970 . 
IBH360 (AEROJET NUCLEAR) VERSION SUBMITTED APRIL 1 9 7 0 , 

REVISED APRIL 1 9 7 1 , SAMPLE PROBLEM EXECUTED BY ACC. 

1 0 . REFERENCES - W. R. CAOWELL, PDQ-7 REFERENCE MANUAL, WAPD-TM-678, 
JANUARY 1 9 6 7 . 

P. J . BREEN, 0 . J . MARLOWE, ANC C. J . PFEIFER, 
HARMCNY - SYSTEM FOR NUCLEAR REACTOR DEPLETION COMPUTATION, 
WAPD-TM-478, JANUARY 1 9 6 5 . 

OUTPUT FOR THE BETTIS CDC-6600 REVISED VERSION OF 
PDC7, 1 9 7 1 . 

C. J . PFEIFER, PDQ-7 REFERENCE MANUAL I I , WAPD-TM-
9 4 7 ( L ) , FEBRUARY 1 9 7 1 . 

C. J . PFEIFER, CCC-6600 FORTRAN PROGRAMMING - BETTIS 
ENVIRONMENTAL REPORT, WAPD-TM-668, JANUARY 1 9 6 7 . 

JANE R. REED AND ROBERT J . CREASY, PDQ-7 FCR THE 
IBM SYSTFM/360, PASC REPORT NO. 3 2 0 - 3 2 5 9 , MAY 1 9 6 9 . 

ACC NOTE FOR 360 VERSION CF P0Q7, MARCH 1 9 6 9 . 
ARGONNE CODE CENTER PROGRAMMING NOTE 7 2 - 4 , SEPTEMBER 

e , l ^ T l . 
INSTALLATION OF PDQ-7 ON THE CDC 6600 IN CONJUNCTION 

WITH MODEL, CDC NOTE, 1 9 7 1 . 
R. J . WAGNER AND J . A. MCCLURE, CORRECTIONS FOR 

RUNNING AEROJET 360 VERSION OF PDQ7 CN A MODEL 370 WITH 3 3 3 0 
DISKS, AFRCJET NOTE, 1 9 7 2 . 

1 1 . MACHINE REQUIREMENTS - THE CENTRAL MEMCRY SIZE FOR THE 6600 VER
SION MUST BF AT LEAST 64K ANC THERE MUST BE FOUR NON-SYSTEM D ISKS, 
EACH ON ITS OWN CHANNEL. THE 360 VERSION REQUIRES AT LEAST 512K 
BYTES OF CORE AND MODEL 2311 OR MODEL 2314 DISK PACKS. 

12 . PROGRAMMING LANGUAGFS USED - FCRTRAN IV AND ASCENT ( 6 6 0 0 1 , FORTRAN 
I V ( H ) AND BAL ( 360) 

13. OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
SCOPE 3 . 0 (BETTIS R E V . ) , SCOPE 3 . 1 . 6 (B+W 6 6 0 0 ) , AND OS/360 ( 3 6 0 ) . 
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14. ANY OTHER PROGRAMMING OR OPERATING INFCRMATICN OR RESTRICTIONS -
THE REQUIRED SOFTWARE ENVIRONMENT IS DESCRIBED IN REFERENCE 3. 
IT INCLUDES ROUTINES FCR PPCGPAM LOADING, INPUT CONVERSION AND 
PROCESSING, STORAGE AND RETRIEVAL OF PERMANENT FILES, SCRATCH 
INPUT/OUTPUT, AND STCRAGE ALLOCATION. CALL REMARK IN SUBROUTINE 
CASENN REFERS TO A 660C SYSTEM ROUTINE FOR DISPLAY CF MESSAGES ON 
THE OPERATOR SCOPE. CALL TICK REFERS TO A 6600 SYSTEM ROUTINE FCR 
LOGGING JOB TIME USED. SUBSTITUTE ROUTINES WILL BE REQUIRED FOR 
USE OF THIS PROGRAM ON OTHER MACHINES. 

15. NAME AND ESTABLISHMENT CF AUTHCRS -
6600 W. R. CAOWELL ANO C. J. PFEIFER 

WESTINGHOUSE ELECTRIC CORPORATION 
BETTIS ATOMIC PCWER LABORATORY 
P. 0. BOX 79 
WEST MIFFLIN, PENNSYLVANIA 15122 

360 R. J . CREASY 
INTERNATIONAL BUSINESS MACHINES CORPORATION 
2 6 7 0 HANOVER STREET 
PALO ALTO, CALIFCRNIA 9 4 3 0 4 

6600 M. L . OECH ANC R. W. MCCRANEY 
CONTROL OATA CORPORATION 
G. R. POETSCHAT AND G . L . RUSSELL 
THE BABCOCK • WILCOX COMPANY 
POWER GENERATION D I V I S I O N 
P. 0 . BOX 1260 
LYNCHBURG, V I R G I N I A 24505 

3 6 0 R. J . WAGNER ANO J . A . MCCLURE 
COMPUTER SCIENCE BRANCH 
AEROJET NUCLEAR COMPANY 
P. 0 . BOX 1845 
IDAHO F A L L S , ICAHC 8 3 4 0 1 

1 6 . MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL (BETTIS 6 6 0 0 - 3 TAPES, B+W 

6 6 C 0 - 2 TAPES, AEROJET 3 6 0 - 1 
TAPE) 

SOURCE DECKS ( B E T T I S 6 6 0 0 - 5 1 , 4 9 7 CARCS, B*W 6 6 0 0 - 2 7 , 4 4 6 CARDS, 
AEROJET 3 6 0 - 3 6 , 3 5 7 CARDS) 

EXECUTABLE MODULE (AEROJET 3 6 0 - F I L E 1) 
SAMPLE PROBLEMS (RETTIS 6 6 C 0 - 8 0 CARDS, AEROJET 3 6 0 - 4 1 4 CARDS, 

B+W 6 6 0 0 - 6 9 CARDS) 
AUXIL IARY PROGRAMS (AERCJET 959 CARCS) 
SAMPLE PROBLEM OUTPUT L I S T I N G S ( B E T T I S 6 6 0 0 - 3 6 PAGES, AEROJET 

3 6 0 - 8 9 PAGES) 
REFERENCE REPORTS, WAPC-TM-678, WAPC-TM-668 , W A P C - T M - 9 4 7 ( L ) , 

PASC REPORT, ANO NOTES 

17. CATEGORY - D 
KEYWORDS - DEPLETION, OIFFUSION EQUATIONS, 1-01 MENSlONAL, SLABS, 
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17. KEYWORDS (CONTINUED) 
CYLINDERS, SPHERES, 2-DIMENSIONAL, HEXAGONAL, X - Y , R - Z , 
3-DIMENSlONAL, X - Y - Z , SYNTHESIS, FEW-GROUP, SEARCHES, 
HARMONY CODES 
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1 . NAME OR DESIGNATION OF PROGRAM - LEOPARD/SPOTS 

2 . COMPUTER FOR WHICH PROGRAM IS CESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - I B M 3 6 0 , UNIVAC1108 

3 . DESCRIPTION OF PROBLEM CR FUNCT ICN - LEOPARD IS A UNIT CELL HOMO-
GENIZATION AND SPECTRUM GENERATION (MUFT-SOFOCATE) PROGRAM WITH A 
FUFL DEPLETION OPTION. 

4 . METHOD OF SOLUTION - THE MLFT-SOFOCATE HOMOGENEGUS MEDIUM SPECTRUM 
ANALYSES WITH HETEROGENEOUS CORRECTIONS ARE USEO. THE MONOENER
GETIC AMCUYAL-BENOIST THEPMAL CISACVANTAGE FACTOR IS APPLIED AT 
EACH OF 172 SOFOCATE ENERGY LEVELS UP TO 0 . 6 2 5 EV. THE U238 
RESONANCE INTEGRAL IS FORCED TO AGREE WITH A GENERALIZED 
HELLSTRANO CORRELATION. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - LEOPARD WORKS WITH 
NUCLIDES COMMONLY USED I N WATER REACTORS. THORIUM AND U-238 FUEL 
CHAINS ARE ALLOWED. 

6. TYPICAL PUNNING TIME - RUNNING TIME IS ABOUT 15 SECONDS PER CASE 
ON AN I B M 3 6 0 / 7 5 . ON A UNIVAC1108 THE SAMPLE PROBLEM EXECUTES IN 
40 SECONCS. 

7 . UNUSUAL FEATURES OF THE PROGRAM - LECPARD IS AN ENGINEERING CESIGN 
CODE FEATURING SIMPLE INPUT REQUIREMENTS OF PHYSICAL OATA. 

8 . RELATED AND AUXILIARY PROGRAMS - SPOTS CONVERTS A CRCSS SECTICN 
DATA DECK INTO A LEOPARD LIBRARY TAPE. 

9 . STATUS - ABSTRACT F IRST DISTRIBUTED DECEMBER 1 9 6 7 . 
IBM7090 VERSION SUBMITTED MAY 1 9 6 7 , REPLACED BY 360 VER

SION OCTOBER 1 9 6 8 . 
UNIVAC1108 VERSION SUBMITTED JANUARY 1 9 7 1 . 

10 . REFERENCES - L. E. STRAWBRICCE AND R. F . BARRY, C R I T I C A L I T Y CALCU
LATIONS FOR UNIFORM WATER-MODERATED LATTICES, NUCLEAR SCIENCE ANO 
ENGINEERING 2 3 , PP. 5 8 - 7 3 , 1 9 6 5 . 

R. F. BARRY, LEOPARD - A SPECTRUM DEPENDENT NON-SPA
T IAL DEPLETION COOE FOR THE IBM7094, W C A P - 3 2 6 9 - 2 6 , SEPTEMBER 
1 9 6 3 , AND REVIS IONS, AUGUST 3 0 , 1 9 6 8 . 

1 1 . MACHINE REQUIREMENTS - 360 LEVEL-H COMPILER LIBRARY F I L E 50K 
(DECIMAL) MEMORY 

1 2 . PROGRAMMING LANGUAGES USED - FORTRAN 1V(H) ( I B M 3 6 0 ) ANO FORTRAN V 
( U N I V A C 1 1 0 8 I 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
OS/360 AND UNIVAC EXEC I I . 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFCRMATION OR RESTRICTIONS -
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1 5 . NAME AND ESTABLISHMENT OF AUTHCRS -
360 R. F. BARRY 

WESTINGHOUSE ATOMIC POWER D I V I S I O N 
P. 0 . BOX 355 
PITTSBURGH, PENNSYLVANIA 15230 

1108 H. E. P. KRLG, JR. 
JERSEY NUCLEAR COMPANY 

PRESENT ADDRESS 
CONTROL DATA CCRPCRATICN 
8100 34TH AVENUE SOUTH 
P. C. BCX 0 
MINNEAPOLIS, MINNESOTA 55440 

16 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECKS (LEOPARD 3 6 0 - 2 0 8 8 CARDS, 1 1 0 8 - 2 1 1 9 CARDS, SPOTS 

36C-818 CARDS, 1 1 0 8 - 8 2 9 CARDS) 
SAMPLE PROBLEMS (LEOPARD 360 -43 CARCS, 1 1 0 8 - 4 3 CARDS) 
LIBRARIES (SPOTS 3 6 0 - 3 8 0 7 CARDS, 1 1 0 8 - 3 7 8 9 CARDS) 
CUR FILES (LECPARD 11C8-138 BINARY RECORDS, SPOTS 1 1 0 8 - 4 5 

BINARY RECORDS, CROSS SECTION LIBRARY L I B E 1 1 0 8 - 1 0 6 
BINARY RECORCS) 

SAMPLE PROBLEM OUTPUT (LECPARC-42 PAGES, SPOTS-17 PAGES) 
REFERENCE REPORTS AND REVISIONS 

1 7 . CATEGCRY - B 
KEYWORDS - CELL CALCULATION, SPECTRA, DEPLETION, DISADVANTAGE 

FACTORS, SPOTS CODES 
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1 5 . NAME ANO ESTABLISHMENT OF AUTHOR(S) (CONTINUED) 
GULF GENERAL ATOMIC INCORPORATED 
P. 0 . BOX 608 
SAN D IEGO, CALIF0R>4IA 9 2 1 1 2 

6600 AUTHOR 
D. W. DRAWBAUGH 
WESTINGHOUSE ELECTRIC CORPORATION 
ASTRONUCLEAR LABORATORY 
BOX 10864 
PITTSBURGH, PENNSYLVANIA 1 5 2 3 6 

1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL ( 4 TAPES) 
SOURCE DECKS (GGC4 1 1 0 8 - 1 1 , 5 6 7 CARDS, WTFG 1646 CARDS, MAKE 

1033 CARDS, MST 463 CARDS, P^I NT 769 CARDS, MIXER 
500 CARDS, MGT3 251 CARDS, SPRINT 334 CARDS, 
COMBIN 479 CARDS, OOP 927 CARDS, G&C4 6 6 0 0 -
1 1 , 5 0 4 CARDS) 

SAMPLE PROBLEMS (GCC4 1 1 0 8 - 3 8 CARDS, 6 6 0 0 - 3 8 CARDS) 
FAST DATA TAPE 160 NUCLIDES - TAPE 2 - 1 1 0 8 - 2 7 7 2 BINARY 

RECORDS, 6 6 0 0 - 1 7 0 3 BINARY REC0R.OS) 
FAST OATA TAPE (151 NUCLIDES - TAPE 3 - 1 1 0 8 - 7 3 6 2 31NARY 

RECORDS, 6 6 0 0 - 4 4 3 6 BINARY RECORDS) 
THERMAL OATA TAPE ( 2 2 2 NUCLIDES - TAPE 4 - 1 1 0 8 - 2 8 5 4 BINARY 

RECORDS, 6 6 0 0 - 1 5 3 9 BINARY RECORDS) 
REFERENCE REPORTS AND NOTES 

1 7 . CATEGORY - B 
KEYWORDS - MULTIGPOUP CROSS SECTIONS, AVERAGES, FAST, THERMAL, 

SPECTRA, DOPPLER BROADENING, OANCOFF CORRECTION, ANGU
LAR D I S T R I B U T I O N , RESONANCE PARAMETERS, MAKE COOES, 
MST CODES, PRINT C30ES, MUER CODES, WTFG COOES, MGT3 
CODES, SPRINT CODES, COMBIN COOES, OOP CODES 
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1 . NAME OR DESIGNATION OF PROGRAM - LION 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - 0 0 0 6 6 0 0 , UNIVAC1108 

3 . OESCRIPTICN OF PROBLEM CR FUNCTION - LION I S A DIGITAL COMPUTER 
PROGRAM WHICH WILL SOLVE THREE-DIMENSIONAL TRANSIENT ANC STEADY-
STATF TEMPERATURE DISTRIBUTION PROBLEMS. THE INPUT CONSISTS CF 
GECMFTRY, PHYSICAL PRCPERTIES, BOUNDARY CONDITIONS, INTERNAL HEAT 
GFNERATICN RATES, AND COOLANT FLOW RATES AS A FUNCTION OF T I M E . 
IN ACDITICN TO SOLVING PROBLEMS OF HEAT CONDUCTION I N A STRUCTURE, 
LICN CAN HANDLE FORCED CONVECTION, FREE CONVECTION, AND RADIATION 
OR A COMBINATION OF THESE AT THE SURFACE OF THE STRUCTURE. THE 
OUTPUT CONSISTS OF COMPLETE NOCAL TEMPERATURE DISTRIBUTIONS ALONG 
WITH SURFACE FLUXES AND HEAT TRANSFER COEFFICIENTS. AN OPTION IS 
INCLUDED IN THE PROGRAM FOR DETERMINING THE MEAN TEMPERATURE I N 
ANY SPECIFIED SECTICN CF THE STRUCTURE. 

4 . METHOD OF SOLUTION - THE MODELING IS BASED ON THE CONCEPT CF NODAL 
POINTS CCNNECTEO BY ONE-DIMENSIONAL THERMAL CONDUCTANCE EOUATIONS 
IN AS MANY AS SIX DIRECTIONS SIMULTANEOUSLY. THE E X P L I C I T , OR 
FIRST FORWARD DIFFERENCE METHOD, I S THEN USED TO OBTAIN THE SOLU
TIONS TO THESE EQUATIONS FCR THE T HR EE-C IM ENS lONAL F I E L D . THE 
TEMPERATURE CHANGE FOR A SURFACE NODE IS CALCULATED BY APPLYING 
THE OHMS LAW ANALOGY FOR HEAT FLOW TO A NODE WITH NO CAPACITANCE. 

5 . RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM -
11*D1 + 22*02 • 2 0 * 0 3 + 61*D4 + 15*05 LESS THAN OR EQUAL TO 2 1 0 0 0 

VARIABLE NUMBER CF SURFACE CONNECTIONS ( C I ) 
VARIABLE NUMBER OF INTERNAL NODES ( 0 2 ) 
VARIABLE NUMBER CF SURFACE NOCES (D3) 
VARIABLE NUMBER CF BOUNDARY NCDES (D4) 
VARIABLE NUMBER OF COOLANT NODES ( 0 5 ) 

15 MATERIALS 
7*D? INTERNAL CONNECTIONS 

12 COOLANT CHANNELS (EACH WITH 4 SIDES MAXIMUM) 
75 PRINTOUTS 

7 INTERNAL CONNECTIONS PER INTERNAL NODE 
6 SURFACE CONNECTIONS PER SURFACE NODE 

30 MEANS AND DIFFERENCES SETS 
n o NODES PER SET (WITHOUT EQUIVALENT LINEAR) 
50 NCDES PER SET (WITH EQUIVALENT LINEAR) 

6 TYPES OF MEANS AND DIFFERENCES SETS 
5 GRAPHS (CDC6600 ONLY) 
6 CURVES PER GRAPH (CCC6600 ONLY) 

13 TYPES OF QUANTITIES GRAPHABLE (C0C6600 ONLY) 
4 SUB-COOLED NUCLEATE BOILING REGIONS 

6 . TYPICAL RUNNING TIME - THE APPROXIMATE PUNNING TIME ON THE C0C6600 
IS 1 MINUTE PER 10 NODES FOR A STEADY-STATE PROBLEM AND 1 5 
MINUTES PER 10 NODES FCR A TRANSIENT PROBLEM. EXECUnSN OF THE 
UNIVAC1108 SAMPLE PROBLEM REQUIRES 5 SECCNDS " ^ ' ' " ^ ' ° ' ^ °'^ ^"^ 



457 

ACC ABSTRACT 299 - 2 - 0 3 / 7 2 

7. UNUSUAL FEATURES CF THE PRCGRAM - SUBCOCLEC NUCLEATE BOILING MAY 
BF CONSIDERED. HOWEVER, THIS CONSIDERATION IS L IMITED TO WATER. 

8. RELATED AND AUXILIARY PROGRAMS - LICN SUPERCEDES EARLIER IBM704 
AND PHILCO 2000 PROGRAMS CALLED TIGER. 

9. STATLS - ABSTRACT FIRST CISTRIBUTEO CECEMBER 1 9 6 7 . 
CDC6600 VERSION SUBMITTED OCTOBER 1 9 6 7 , REPLACED BY MODI

F IED VERSION AUGUST 1 9 6 8 , REPLACED BY SECOND MODIFIED 
VERSION JANUARY 1 9 7 0 . 

UNIVAC1108 VERSION SUBMITTED JUNE 1 9 7 1 . 

1 0 . REFERENCES - J . R. SCHMID, G. L. LECHLITER, ANC W. W. FISCHER, 
L ION TEMPERATURE DISTRIBUTIONS FOR ARBITRARY SHAPES AND COMPLI
CATED BOUNDARY CONDITICNS, KAPL-M-6532 ( E C - 5 7 ) , JULY 2 7 , 1 9 6 6 . 

W. W. F ISCHER, LION TALES A USERS MANUAL FCR THE LION 
THERMAL-STRUCTURAL EVALUATION CODE, KAPL-M-6533 ( E C - 5 8 ) , JULY 
3 1 , 1 9 6 7 . 

E. J . BINNEY, ADDENDUM TC LICN REPORT, K A P L - M - 6 5 3 2 , 
JUNE 2 8 , 1 9 6 8 , REVISED JANUARY 1 9 6 9 . 

R. J . CULLEN, 6600 CALCOMP PLOTTER ROUTINES. KAPL 
NOTE, JULY 2 5 , 1 9 6 6 . 

E. J . BINNEY, ACCITIONS TO LION CODE. KAPL NOTE, 
SEPTEMBER 3 0 , 1 9 6 9 . 

ACC PROGRAMMING NOTE 7 0 - 2 1 , MAY 1 9 7 0 . 

1 1 . MACHINE REQUIREMENTS - THE PLOTTER ROUTINE APPLE IS USED TO PRO
DUCE THE INPUT REQUIRED BY THE ASSOCIATED CALCOMP PLOTTER FOR 
GRAPHICAL CUTPUT. 

1 2 . PROGRAMMING LANGUAGES USEO - FORTRAN I V AND ASCENT ( C D C 6 6 0 0 ) , FOR
TRAN IV (UNIVAC1108) 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE (CCC66nO) AND EXECB (UN I V A C l 1 0 8 ) . 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFCRMATION OR RESTRICTIONS -
BECAUSE OF THE LARGE S IZE CF THE LION PROGRAM IT WAS NECESSARY TQ 
SEGMENT THE PROGRAM. THE UNIVAC1108 VERSION DOES NOT INCLUDE THE 
PLOTTING ROUTINES AT PRESENT. 

1 5 . NAME AND ESTABLISHMENT OF AUTHCRS -
6600 E . J . BINNEY 

KNOLLS ATOMIC POWER LABORATORY 
GENERAL ELECTRIC COMPANY 
BOX 1072 
SCHENECTADY, NEW YORK 12301 

1108 OARRELL BARTKOWSKI 
CHI CCRPORATION 
11000 CEDAR AVENUE 
CLEVELAND, OHIO 44106 
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1 6 . MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL 

SOURCE DECKS ( 6 6 0 C - 4 0 6 1 CARDS, 1 1 0 8 - 2 4 4 7 CARDS) 
SAMPLE PROBLEMS ( 6 6 0 0 - 1 5 6 CARDS. 1 1 0 8 - 1 5 6 CARDS) 
SAMPLF PROBLEM OUTPUT ( 6 6 0 0 - 1 5 PAGES. 1 1 0 8 - 2 2 PAGES) 
REFERENCE REPORTS, REVISED ADDENDUM, NOTES 

17 . CATEGORY - H 
KEYWORDS - TEMPERATURE D ISTRIBUTION, FLUID FLOW, THERMAL, 3 -O IMEN-

SIONAL, HEAT TRANSFER, L I Q U I C S , VAPORS 



483 

ACC ABSTRACT 312 - 2 - 0 2 / 7 2 

1 2 . PROGRAMMING LANGUAGES USED - FORTRAN I V AND MAP 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
DIRECT-COUPLED 7 0 4 0 - 7 0 9 4 . 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
A CLOCK READING MAP SUBROUTINE IS USEO BUT MAY BE REPLACED BY 
USERS EQUIVALENT OR A DUMMY. MAP SUBROUTINES ARE USED FOR RESTAi^T 
ONLY. THEY MAY BE ELIMINATED, REPLACED, OR CHANGED FOR TAPE 
RESTART IF DESIRED. 

1 5 . NAME AND ESTABLISHMENT OF AUTHOR -
C. E. BARBER • 
LEWIS RESEARCH CENTER 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
21000 BROOKPARK ROAD 
CLEVELAND, OHIO 44135 

• NO LONGER AT LEWIS - CONTACT WENDELL MAYO AT ABOVE ADDRESS. 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK ( 5 7 3 0 CARDS) 
SAMPLE PROBLEM ( 1 0 0 CARDS) 
REFERENCE REPORT AND MEMORANDUM 

1 7 . CATEGORY - C 
KEYWORDS - 2 -OIMENSIONAL, SN METHOD, X - Y , R-Z GEOMETRIES, MULTI -

GROUP, l -D IMENSIONAL, SLABS, CYLINDERS, SPHERES, REAC
T I V I T Y , FLUX DISTRIBUTION 
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1 . NAME OR DESIGNATION OF PROGRAM - CINDER(M01C2) 

2 . COMPUTER FOP WHICH PROGRAM IS CESIGNEC AND OTHERS UPON WHICH 
IT IS OPERABLE - C0C6600, IBM360 

3 . DFSCRIPTION OF PROBLEM OR FUNCTION - CINDER IS A FOUR-GROUP, ONE-
POINT DEPLETION ANO FISSION PRODUCT PROGRAM BASED ON THE EVALUA
TION OF A GENERAL ANALYTICAL SCLUTION OF NUCLIDES COUPLED IN ANY 
LINEAR SEQUENCE OF RADIOACTIVE DECAYS AND NEUTRON ABSORPTIONS IN A 
SPECIFIED NEUTRON FLUX SPECTRUM. THE DESIRED DEPLETION AND F I S 
SION PRODUCT CHAINS AND ALL PHYSICAL DATA ARE SPECIF IED BY THE 
PROBLEM ORIGINATOR. THE PROGRAM COMPUTES INDIV IDUAL NUCLIDE NUM
BER DENSITIES, A C T I V I T I E S , NINE ENERGY-GROUP DISINTEGRATION RATES, 
ANO MACROSCOPIC AND BARNS/FISSICN POISONS AT EACH TIME-STEP AS 
WELL AS SELECTED SUMMARIES OF THESE DATA. 

4. MFTHOD OF SOLUTION - TIME-DEPENDENT VARIATIONS IN NUCLIDE CROSS 
SECTIONS AND NEUTRON FLUXES ARE APPROXIMATED BY A USER-SPEC IF I ED 
SEQUENTIAL SET OF VALUES WHICH ARE CONSIDERED CONSTANT DURING THE 
DURATION OF THE USER-SPECIFI EC ASSOCIATED TIME-INCREMENTS . WHEN 
A NUCLIDE CONCENTRATION IS INDEPENDENT OF THE CONCENTRATION CF ANY 
OF ITS PRCGENY, IT IS POSSIBLE TQ RESOLVE THE COUPLINGS SO AS TO 
OBTAIN NUCLIDES FED BY A SINGLE PARENT. THESE CHAINS ARE REFERRED 
TC AS LINEAR. 

5 . RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - THE PROGRAM IS 
LIMITED TO 500 TOTAL NUCLIDES FORMED IN UP TO 240 CHAINS OF 20 OR 
FFWER NUCLIDES EACH. UP TC 10 NUCLIDES MAY ACT AS FISSION PRODUCT 
SOURCES, CONTRIBUTING TO POWER, AND AS MANY AS 99 TIME-STEPS OF 
ARBITRARY LENGTH ARE PERMITTED. ALL STABLE NUCLIDES MUST HAVE A 
CROSS SECTION IF ZERO POWER TI ME-1NOREMENTS ARE ANTICIPATED. 

6 . TYPICAL RUNNING TIME - TWO MINUTES FOR EVERY TIME-STEP IS A CON
SERVATIVE ESTIMATE CF RUNNING TIME CN THE IBM360 . 

7 . UNUSUAL FEATURES OF THE PRCGPAM - DURING THE NUCLIDE CONCENTRATION 
CALCULATION THE PROGRAM CHECKS FCR ERRORS ORIGINATING FROM THE 
F IN ITE WORD LENGTH OF THE COMPUTER. 

8 . RELATED AND AUXILIARY PRCGRAMS - A PREVIOUS VERSION OF CINDER 
EXISTED FOR THE PHILCO 2 0 0 0 . 

9 . STATLS - ABSTRACT FIRST DISTRIBUTED JUNE 1 9 6 8 . 
C0C6600 VERSION SUBMITTED DECEMBER 1 9 6 7 . 
IBM360 VERSION SUBMITTED APRIL 1 9 7 1 , SAMPLE PROBLEM 

EXECUTED BY ACC. 

1 0 . REFERENCES - T . R. ENGLAND, TIME-OEPENCENT FISSION-PRODUCT THERMAL 
AND RFSONANCE ABSORPTION CROSS SECTICNS, WAPO-TM-333. NOVEMBER 
1962 AND ADDENDUM 1 , JANUARY 1 9 6 5 . " L V t n o t K 

^ . , , . ^ ' "• ENGLAND, CINCER - A ONE POINT DEPLETION ANO 
FISSION PRODUCT PROGRAM, WAPD-TM-334 ( R E V I S E D ) , AUGUST 1 9 6 2 , 
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10. REFERENCES (CONTINUED) 
REVISED JUNE 1964. 

J. A. DUGAN, CINCER (M0102) ADDITIONAL OPTIONS -
MEMORANDUM 2, WAPD-L-(PA)-89 PRELIMINAFY. 

T. C. GORRELL AND J. H. HIGHTOWER, CINDER -
OESCRIPTICN AND APPLICATION, SRL REPORT, MARCH 8, 1971. 

1 1 . MACHINE REQUIREMENTS -

1 2 . PROGRAMMING LANGUAGES USED - FCRTRAN IV ( C C C 6 6 0 0 ) , FORTRAN IV AND 
BAL ( I B M 3 6 0 ) 

13 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

1 5 . NAME AND ESTABLISHMENT OF AUTHORS -
6600 T . R. ENGLAND 

WESTINGHOUSE ELECTRIC CCRPOPATION 
BETTIS ATOMIC POWER LABORATORY 
P. 0 . BOX 79 
WEST M I F F L I N , PENNSYLVANIA 15122 

360 T . 0 . GORRELL ANO J . H . HIGHTOWER 
SAVANNAH RIVER LABORATORY 
E . I . DU PONT DE NEMOLRS AND COMPANY 
A I K E N , SOUTH CAROLINA 2 9 8 0 1 

1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL (360 VERSION) 
SCURCE DECKS ( 6 6 0 0 - 8 9 2 CARDS, 3 6 0 - 2 2 9 9 CARDS) 
SAMPLF PROBLEMS ( 6 6 0 0 - 5 2 CARDS, 3 6 0 - 2 8 CARDS) 
SAMPLE PROBLEM OUTPUT ( 3 6 0 - 3 4 PAGESh 
REFERENCE REPORTS, ADDENDUM, AND MEMORANDUM 

17. CATEGORY - 0 
KEYWORDS - DEPLETION, RADIOACTIVITY, DECAY, FISSICN PRODUCTS, 

MULTIGROUP, POISON, ABSORPTION 
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1. NAME OR DESIGNATION OF PROGRAM - NAP 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 

IT IS OPERABLE - IBM7094 

3. DESCRIPTION OF PROBLEM OR FUNCTION - NAP CALCULATES THE SPECTRUM 
AND SPATIAL DISTRIBUTION IN ONE DIMENSION OF ACTIVATION GAMMA RAYS 
FOLLOWING NEUTRON IRRADIATION. 

METHOD OF SOLUTION -

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA OF -

20 SPATIAL REGIONS 
20 ISOTOPES PER REGION 
10 NON - 1/V ISOTOPES 

100 SPATIAL POINTS 
200 TIME POINTS 
43 NEUTRON GROUPS 
20 GAMMA ENERGY GROUPS 

THE CHAIN LENGTH IS LIMITED TO A MAXIMUM OF 5. ONLY (N,GAMMA), 
(N.ALPHA). (N.P). AND (N.2NI REACTUNS ARE C0>4SIOERED. 

TYPICAL RUNNING TIME - A 23-ISOTOPE PROBLEM ON AN OPTICALLY THIN 
MEDIUM WAS RUN IN 4 MINUTES. THIS TIME WOULD BE I.NCREASEO IF THE 
S'̂  CALCULATION OF THE NEUTRON DISTRIBUTION OR THE CROSS SECTION 
CALCULATION OPTION HAD BEEN UTILIZED. 

UNUSUAL FEATURES DF THE PROGRAM - NAP PERMITS AN ARBITRARY NEUTROS 
SOURCE SPECTRUM OR ANGULAR 0ISTRI8UTI0N TO BE INCIDENT UPON A 
MEDIUM WHICH CAN BE DESCRIBED IN ONE DIMENSION (SPHERICAL OR CAR
TESIAN COORDINATES). ANY ISOTOPIC COMPOSITION OF THE MEDIUM IS 
PERMISSIBLE. IF THE APPROPRIATE CROSS SECTION IS NOT IN THE 
LIBRARY, THE USER HAS THE OPTION OF USING A THEORETICAL ESTIMATE 
OF THE CROSS SECTION PROVIDED BY THE CODE. THE ADDED RUNNING TIME 
RESULTING FROM THE USE OF THIS OPTION HAS NOT BEEN EVALUATED. ONE 
OR TWO MINUTES PEP REACTION CROSS SECTION FOR AN 8 ENERGY GR3UP 
PROBLEM HAS BEEN ESTIMATED. 

RELATED AND AUXILIARY PROGRAMS - TWO AUXILIARY ROUTINES ARE 
INCLUDED TO PROVIDE AN EDITED LIBRARY LISTING. XPREP PRINTS THE 
NAP CROSS SECTION LIBRARY. ANO RLIBP PRINTS THE NAP GAMMA RADIA
TION LIBRARY. 

9. STATUS - ABSTRACT FIRST DISTRIBUTED JUNE 1968. 
1BM7094 VERSION SUBMITTED JANUARY 1958. 

10. REFERENCES - D. A, KLOPP, NAP CODE MANUAL, I I TR I-A6088-21. VOL. I 
MAY 14. 1964 - JANUARY 31, I9i6, AND XLIB CORRECTIONS. 

D. A. KLOPP, NAP PHYSICAL MODELS ANO EXPERIMENTAL 
VALIDATION, 11TRI-A6088-21. VOL. II, MAY 14, 1964 - JANUARY 31, 
1966. 

D. A. KLOPP, NAP CROSS SECTION LIBRARY, IITRI-A6088-
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1. NAME OR DESIGNATION OF PROGRAM - AIR0S2A 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED ANO CTHERS UPON WHICH 
IT IS OPERABLE - IBM360 

3. DESCRIPTION OF PROBLEM CP FUNCTION - AIRCS2A SOLVES THE SPACE-
INDEPENDENT REACTOR KINETICS EQUATIONS AND PROVIDES FOR THE DETER
MINATION OF REACTIVITY BY SOLVING IN ACCITION THE DISCRETIZED 
EQUATIONS THAT REPRESENT THE SPATIAL HEAT AND MASS TRANSFER MODEL 
FOR SEVERAL FUEL CHANNELS. IN ADDITION, VARIATION OF THE FILM 
COEFFICIENT WITH FLCW IS ACCCUNTED FCR ALONG WITH THE PROVISION 
FOR FLOW DECAY AND AFTERGLOW HEATING. SCRAMS CAN BE INITIATED BY 
DELAYED SIGNALS FROM INSTRUMENTS THAT SENSE ANY QUANTITY CALCU
LATED, E.G., POWER, INVERSE PERIOD CR TEMPERATURE. GENERALIZED 
FEEDBACK EQUATIONS ARE USED TO PROVIDE FLEXIBILITY IN THE MODELS 
THAT REPRESENT MULTICHANNEL HEAT TRANSFER INCLUCING CONDUCTION AND 
CONVECTION, ENERGY. PRESSURE AND OTHER PHENOMENON SUCH AS FUEL 
MELTING. COOLANT BOILING AND VOIDING BLRN-OUT. THE REACTIVITY 
EQUATION IS ALSO GENERALIZED. THE REACTIVITY FEEDBACK COEFFI
CIENTS CAN RE CONSTANT OR VARY AS THE SQUARE RCCT CR RECIPRCCAL 
OF TEMPERATURE. FURTHERMORE. ANY FEEDBACK VARIABLE CAN BE USED TO 
INITIATE A REACTIVITY SCRAM. EACH WITH A UNIQUE CELAY TIME. AN 
INPUT GENERATOR COMPUTES THE CONDUCTICN AND CONVECTION COEFFI
CIENTS FCR AN N X M NOCAL. MULTICHANNEL SYSTEM USING BUILT-IN 
TABLES OF SPECIFIC HEAT. DENSITY, CCNCLCTIVITY ANC VISCOSITY FOR 
THE COMMON FUEL, STRUCTURE AND COOLANT MATERIALS. ANO PERFORMS AN 
INITIAL TEMPERATURE CALCULATICN. THE FILM COEFFICIENTS MAY BE 
SPECIFIED OR CALCULATFO USING LYONS EOLATION OR THF DITTUS-BOELTER 
EQUATION. 

4. METHOD OF SOLUTION - THE NUMERICAL TECHNIQUE USEC TC INTEGRATE THE 
NFUTRON ANC FEEDBACK DIFFERENTIAL EQUATIONS IS THAT DEVELOPED BY 
E. R. COHEN AS PREVIOUSLY USEC IN THE A IREK CODES. AN IMPROVED 
INTERVAL SWITCHING TECHNIQUE ALLCWS RAPID CALCULATICNS WITH PRE-
DFTERMINEC ACCURACY. 

5. RFSTPICTIONS ON THE COMPLEXITY CF THE PRCBLEM - MAXIMA CF -
15 DELAYED NEUTRON PRECURSOR GROUPS 

4rn FEEDBACK VARIABLES 
90 FFFDBACK VARIABLES PRINTED OUT 

ANY NUMBER OF CHANNELS AND NODES PER CHANNEL WITHIN THE LIMITATION 
ABOVE ARE ALLOWED. 

6. TYPICAL RUNNING TIME - 1 TO 2 MINUTES ARE REQUIRED FOR A PROBLEM 
WITH 6 DELAYED NEUTRON PRECURSOR GROUPS AND 50 FEEDBACK VARIABLES 
( INCLUDING C R T ) . 

7. UNUSUAL FEATURES OF THE PROGPAM -
(A) A SPECIAL PROVISION IS MADE FCR REACTOR STARTUP PROBLEMS 

RESULTING IN A LARGE REDUCTION IN RUNNING TIME. 
(B) MANY OF THE REQUIRED INPUT DATA APE PRE-SET BUT CAN BE 

CHANGED IF DESIRED. 
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(CI 

iiMiiciiAi FFATIIRFS OF THE PROGRAM (CONTINUED) 
" ' " m ADDRESSABLE INPUT DATA ARE USED SO THAT ON MULTIPLE CASES, 

^A^RESTARfFEA^URE IS PROV loEo'wHERE I N RESTART CARDS ARE 
PUNCHED UPON ABNORMAL PRCBLEM TERMINATION ANO/OR ON AN 

( f ) F X ? E I ^ S ° V E ' P R ' I N T E D ANO GRAPHICAL DISPLAYS ARE PROVIDED AS 
FOLLOWS - POWER, INVERSE PERIOD, REACTIVITY AND ANY 90 
FEEDBACK VARIABLES. PRINTING AND DISPLAY OF FEEDBACK 
VARIABLES IS UNDER THE USERS CONTROL AND THE LATTER CAN BE 
GROUPED CN CRT FRAMES AS DESIRED. 

( F ) CONDUCTION AND CONVECTION COEFFICIENTS MAY BE INPUT AND/OR 
CALCULATED BY MEANS CF AN INPUT GENERATOR WHICH IN ADDI 
TION PERFORMS AN I N I T I A L TEMPERATURE CALCULATION. 

(G) PHENOMENOLOGICAL MODELS FOR CHANGE OF PHASE ARE INCORPO

RATED. 

fl. RELATED AND AUXILIARY PROGRAMS - AIR0S2A REPLACES THE 360 VERSION 
OF AIROS (ACC ABSTRACT 1 6 3 ) . 

9 . STATUS - ABSTRACT FIRST DISTRIBUTED JUNE 1 9 6 8 . 
IBM360 VERSION SUBMITTED FEBRUARY 1 9 6 8 , REPLACED BY 

UPDATED VERSION DECEMBER 1 9 7 0 . 

i n . REFERENCES - R. A. ELAINE ANC R. F . BERLAND, SIMULATION OF REACTOR 
DYNAMICS. VOLUME I - A DESCRIPTION OF AIROS I I A , N A A - S R - 1 2 4 5 2 . 
SEPTEMBER 1 9 6 7 . 

P. A. BLAINE. Al ENVIRONMENT REPORT, MAY 1 9 6 7 . 
R. A. BLAINE, MODIFICATIONS TO AIROS I I - A , W00048, 

Al CCMPUTING NOTICE NO. 1 1 8 , APRIL 4 . 1 9 6 8 . 

1 1 . MACHINE REQUIREMENTS - 256K BYTE IBM36C AND AN SC-4020 GRAPHICAL 
DISPLAY DEVICE 

1 2 . PROGRAMMING LANGUAGES USED - FCRTRAN IV (95 PER CENT) 
360 ASSEMBLY LANGUAGE ( 5 PER CENT) 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
C S / 3 6 0 . 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFCRMATION OR RESTRICTIONS -
TWO NEW FEATURES HAVE BEEN ADDED TO THE LATEST VERSION OF AIR0S2A. 
A CONTACT RESISTANCE TERM HAS BEEN ADDEC IN THE CALCULATION OF THE 
OVERALL HEAT TRANSFER COEFFICIENTS. UA. A NEW SUBROUTINE HAS BEEN 
ADDEC TO SIMULATE SETBACK CR CONTROLLER ACTION OF A SINGLE BANK OF 
CONTROL RODS. I F AN SC-4020 GRAPHICAL DISPLAY DEVICE IS NOT 
AVAILABLE. THE AICRT 3 DISPLAY ROUTINE CAN BE REWRITTEN, OR ALL 
ROUTINES BUT TAPOUT AND PRINT CAN BE DELETED FROM THE LAST L I N K . 
THE NAA SC-4020 (OS) SLBROLTINE PACKAGE IS AVAILABLE THROUGH -

UAIDE LIBRARIAN 
C/C STROMBERG-CARLSON 
P. 0 . BOX 2449 
SAN DIEGO, CALIFORNIA 92112 
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15. 

16. 

17. 

NAME ANO ESTABLISHMENT OF AUTHCR -
A. N. MCKCLS 
CODES CCORDINATCR 
ATOMICS INTERNATIONAL 
P. C. BCX 309 
CANOGA PARK, CALIFCRNIA 91304 

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK (4586 CARDS) 
SAMPLE PROBLEM (89 CARDS) 
REFERENCE REPORTS AND NOTICE 

CATEGORY -
KEYWCRDS -

E 
SPACE-
TIONS, 

INDEPENDENT KINETICS, REACTIVITY, FEEDBACK EQUA-
GRAPHS, AIREK CODES 
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1 . NAME OR DESIGNATION OF PROGRAM - DAFTl 

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

3 . DESCRIPTION OF PROBLEM OR FUNCTION - OAFTl IS A PROGRAM FOR 
WEIGHTED LEAST SQUARES F ITT ING OF 0 . 0 2 5 3 EV NEUTRON DATA FOR F I S 
SILE NUCLIDES. THE PROGRAM ALSO CARRIES OUT COMPUTATIONS RELEVANT 
TO DISCERNING OVERALL GOODNESS OF F I T , PARTICULARLY DEVIANT DATA, 
AND DATA WHOSE IMPROVEMENT WOULD LEAD TO LARGE REDUCTIONS IN ERRDR 
OF EACH FITTED PARAMETER. 

4 . METHOD OF SOLUTION - NORMAL EQUATIONS ARE SOLVED BY GAUSS-NEKTON 
ITERATION USING THE PIVOTAL METHOD FOR MATRIX INVERSION. THE 
CHOICE OF INPUT AND FITTED PARAMETERS FOLLOWS REFERENCE 1 . 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - OATA ARE FITTED 
FOR A MAXIMUM OF 3 F I S S I L E NUCLIDES. 

6 . TYPICAL RUNNING TIME - 30 SECDND5 ARE REQUIRED FOR FOUR ITERA
TIONS. 

7 . UNUSUAL FEATURES OF THE PROGRAM - COMPUTATIONS ARE CARRIED OUT TO 
AID IN DIAGNOSING PARTICULARLY DEVIANT OATA A'̂  D PARTICULARLY S IG
NIFICANT DATA. 

8 . RELATED AND AUXILIARY PROGRAMS -

9 . STATUS - ABSTRACT FIRST DISTRIBUTED JUNE 1 9 6 8 . 
CDC6600 VERSION SUBMITTED MARCH 1 9 6 8 . 

1 0 . REFERENCES - C . H. WESTCOTT, ET A L . , A SURVEY OF VALUES OF THE 
2200 M/S CONSTANTS FOR FOUR F ISS ILE NUCLIDES, ATOMIC ENERGY 
REVIEW. VOL. 3 . NO. 2 . P. 1 . 1 9 6 5 . 

D. R. HARRIS. OAFTl - A FORTRAN PROGRAM FOR LEAST 
S3UARES F ITT ING OF 0 . 0 2 5 3 EV NEUTRON DATA FOR F I S S I L E NUCLIDES, 
WAPD-TM-761. FEBRUARY 1 9 6 8 . 

C- J . PFEIFER, CDC-6600 FORTRAN PR03RAMMING - BETTIS 
ENVIRONMENTAL REPORT, WAPD-TM-668, JANUARY 1 9 6 7 . 

1 1 . MACHINE REQUIREMENTS - 32000 (BASE 8 ) CENTRAL MEMORY LOCATIONS 

1 2 . PROGRAMMING LANGUAGE USED - FORTRAN IV 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM 19 EXECUTED -

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

15 . NAME ANO ESTABLISHMENT OF AUTHOR -
0 . R. HARRIS 
WESTINGHOUSE ELECTRIC CORPORATION 
BETTIS ATOMIC POWER LABORATORY 
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15. NAME AND ESTABLISHMENT OF AUTHOR -
C. M. FRIEDRICH 
BETTIS ATOMIC POWER LABORATORY 
WESTINGHOUSE ELECTRIC CORPORATION 
P. 0. BOX 79 
WEST MIFFLIN, PENNSYLVANIA 15122 

16. MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL 

SOURCE DECK (2174 CARDS) 
SAMPLE PROBLEM (50 CARDS) 
BETTIS ENVIRONMENTAL ROUTINES (21,123 CARDS) 
REFERENCE REPORTS 

17. CATEGORY - I 
KEYWORDS - E L A S T I C I T Y , THERMAL STRESSES, P I P E S , 3 -DIMENSIONAL, 

PRESSURE 
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1 . NAME OR DESIGNATION OF PROGPAM - ECCSA4 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
I T IS OPERABLE - C0C6400 

3 . OESCRIPTICN OF PROBLEM OR FUNCTION - ECCSA4 PREDICTS THE THERMAL 
AND HYDRAULIC BEHAVIOR OF A SINGLE FUEL ROC AND ITS ASSOCIATED 
CORE FLOW CHANNEL DURING A LOSS-CF-CCCLANT ACCICENT ANO SUBSEQUENT 
EMERGENCY CORF COOLING INJECTION. 

4 . METHOD OF SOLUTION - AN E X P L I C I T , F IN ITE-DIFFERENCE TECHNIQUE IS 
USET TO SOLVE THE CCNSERVATION EQUATIONS DESCRIBING THE FLUID 
BEHAVIOR IN THE CORE CHANNEL. FLUID THERMODYNAMIC PROPERTIES 
ARE CFTERMINEP FROM PROPERTY TABLES INCORPORATED I N THE CODE. 
HEAT CONDUCTION IN THE FUEL ROC IS DETERMINED USING AN E X P L I C I T , 
FINITE-DIFFERENCE METHOD. 

5 . RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - THE FUEL ROO CAN 
BE REPRESENTED BY UP TO 11 RADIAL NODES AND 24 AXIAL SEGMENTS. 
EACH AXIAL SEGMENT HAS ASSOCIATED WITH IT AN EQUIVALENT AXIAL 
SEGMENT CF THE FLUID CHANNEL SURROUNDING THE FUEL ROD. THUS A 
MAXIMUM OF 24 AXIAL SEGMENTS IN THE FLCW CHANNEL I S ALLOWED. 

6 . TYPICAL RUNNING TIME - RUNNINC TIME VARIES BETWEEN 150 TO 200 
TIMES REAL TIME. USING 1-FOOT AXIAL SEGMENTS I N THE FLOW CHANNEL. 
DOUBLING THE NUMBER OF AXIAL SEGMENTS WILL INCREASE RUNNING TIME 
BY APPROXIMATELY A FACTOR OF 4 . 

7 . UNUSUAL FEATURES OF THE PROGRAM - ECCSA4 SOLVES THE THREE CONSER
VATION EQUATIONS AT EACH AXIAL SEGMENT. THUS ACCOUNTING FOR LOCAL 
FLOW REVERSALS AND LOCAL FLOW STAGNATION. 

8. RELATED AND AUXILIARY PRCGRAMS - EC0SA4 SUPERSEDES THE ECCSAl 
COMPUTER PROGRAM. 

9. STATLS - ECCSAl ABSTRACT FIRST CISTRIBUTED JUNE 1 9 6 8 . 
C0C6400 VERSION ECCSAl SUBMITTED APRIL 1 9 6 8 , DELETED 

JULY 1 9 6 8 . 
ECCSA4 ABSTRACT FIRST DISTRIBUTED JANUARY 1 9 7 2 . 
CDC6400 VERSION ECCSA4 SUBMITTED NOVEMBER 1 9 7 1 . 

10 . REFERENCES - R. A . CUDNIK. ECCSA AND MUCHA - COMPUTER CODES FOR 
THF ANALYSIS OF EMERGENCY CORE COOLING SYSTEMS. B M I - 1 9 1 6 , 
SEPTEMBER 1 9 7 1 . 

6400 PROGRAMMING BULLETIN NUMBER 1 1 , MARCH 2 1 , 1 9 7 1 . 

1 1 . MACHINE REQUIREMENTS - UOK GCTAL MEMORY, ONE TAPE FOR RESTART 
C A P A B I L I T Y , ONE TAPE FOR PLOTTING DATA IF DESIRED. 

1 2 . PROGRAMMING LANGUAGE USED - FORTRAN IV 
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13. OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE 3.3. 

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
ECCSA4 REQUIRES THE USE CF CCC6400 FORTRAN FUNCTION SUBPROGRAMS 
UNILIN AND BILINl. UNILIN, WHICH IS USED IN SUBROUTINES HTCHG 
AND FLUIC, PERFORMS LINEAR INTERPOLATION FROM A TABLE OF VALUES OF 
Y VERSUS X. BILINl. WHICH IS USED IN THE FUNCTION PHISQ. PERFORMS 
LINEAR INTERPOLATION FROM A TABLE OF VALUES CF Z VERSUS X AND Y. 

15. NAME ANO ESTABLISHMENT OF AUTHOR -
RONALD A. CLONIK 
BATTELLE 
COLUMBUS LA6CRAT0RIES 
505 KING AVENUE 
COLUMBUS. CHIC 4 3 2 0 1 

1 6 . MATERIAL AVAILABLE - MAGNFTIC TAPE TRANSMITTAL 
SOURCE DECK ( 6 4 0 0 - 3 8 1 2 CARCSI 
SAMPLE PROBLEM ( 6 4 0 0 - 5 3 CARCSI 
REFERENCE REPORT ANO BULLETIN 

17 . CATEGORY - G 
KEYWORDS - ACCIDENTS. COOLANTS. FLUID FLOW. HEAT TRANSFER 
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1 . NAME OR DESIGNATION OF PROGRAM - M0219(FLOT1) 

2 . COMPUTER FOR WHICH PROGRAM I S DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - CDC6600 

3 . DESCRIPTION OF PROBLEM OR FUNCTION - FLOTl WILL PREDICT THE 
STEADY-STATE FLOW ANO THE FLOW TRANSIENT DUE TO THE SUBSEQUENT 
LOSS OF POWER TO ALL PUMPS AND TERMINATE THE TRANSIENT AT A SPE
C I F I E D TIME OR I T WILL PREDICT THE FLOW TRANSIENT IN WHICH OMLY 
SOME OF THE PUMPS ARE LOST. THIS LATTER TRANSIENT MAY BE TERMI
NATED BY A MAXIMUM TRANSIENT TIME OR BY CHECK VALVE CLOSURES IN 
ALL LOOPS IN WHICH PUMPING POWER I S LOST. I N THE LATTER EVENT. 
THE PROGRAM WILL PREDICT THE SUBSEQUENT STEADY-STATE FLOW D I S T R I 
BUTION. 

4 . METHOD OF SOLUTION - THE SIMULTANEOUS DIFFERENTIAL EOUATIONS OF 
FLOW ARE SOLVED BY A MATRIX AND. I N CONJUNCTION WITH DYNAMIC EQUA
TIONS OF THE PUMP, ARE ITERATED TO USER SPECIFIED CONVERGENCE 
CRITERION. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE MATHEMATICAL 
MODEL, UPON WHICH THE PROGRAM IS BASED, IS L IMITED TO FOUR L3DPS 
WITH A MAXIMUM OF THREE PUMPS PER LOOP IN PARALLEL. 

6 . TYPICAL RUNNING TIME - THE RUNNING TIME FOR A THREE LOOP I N I T I A L 
OPERATION TO A COMPLETE LOSS OF FLOW REQUIRES 49 SECONDS WITH OUT
PUT CONSISTING OF I N I T I A L STEADY-STATE FL3W AND PRESSURE-DROP 
DISTRIBUTION AND A PRINTOUT EVERY 50 MILLISECONDS FOR 10 SECONDS. 

7 . UNUSUAL FEATURES OF THE PROGRAM - EMPIRICAL RELATIONS FOR THE 
TRANSFER OF ENERGY FROM THE PJMP IMPELLER TO THE FLUID OVER THE 
ENTIRE RANGE OF OPERATION HAVE BEEN INCLUDED I N THE PROGRAM AND 
THE PROGRAM RESULTS SHOW GOOD CORRELATION WITH TEST DATA. THE 
PROGRAM RESULTS ARE USEO IN CORE PERFORMANCE ANALYSIS AND CHECK 
VALVE PRESSURE SURGE CALCULATIONS. 

8. RELATED AND AUXILIARY PROGRAMS -

9 . STATUS - ABSTRACT FIRST DISTRIBUTED JUNE 1 9 6 8 . 
CDC6600 VERSION SUBMITTED MAY 1 9 6 8 . 

1 0 . REFERENCES - G. M. FULS, F L 3 T - 1 FLOW TRANSIENT ANALYSIS OF A PRES
SURIZED WATER REACTOR DURING FLOW COASTDOWN, 4 A P D - T M - 4 2 8 , APRIL 
1 9 6 8 . 

C . J . PFEIFER, CDC-6600 FORTRAN PROGRAMMING - BETTIS 
ENVIRONMENTAL REPORT, WAPD-TM-668, JANUARY 1 9 6 7 . 

U . MACHINE REQUIREMENTS - THE PROGRAM IS DESIGNED FOR CARD INPUT WITH 
BOTH PRINTED AND PLOTTED OUTPUT. THE NUMBER OF CORE LOCATIO>JS 
REQUIRED IS 5 5 0 0 0 OCTAL. 

1 2 . PROGRAMMING LANGUAGE USED - FORTRAN IV 
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13. OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE 2.0. 

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

15. NAME AND ESTABLISHMENT OF AUTHOR -
G. M. FULS 
WESTINGHOUSE ELECTRIC CORPORATION 
BETTIS ATOMIC POWER LABORATORY 
P. 0. BOX 79 
WEST MIFFLIN, PENNSYLVANIA 15122 

16. MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL (2 TAPES) 

SOURCE DECK (2126 CARDS) 
SAMPLE PROBLEM (36 CARDS) 
BETTIS ENVIRONMENTAL ROUTINES (21,125 CARDS) 
REFERENCE REPORTS 

17. CATEGORY - H 
KEYWORDS - FLUID FLOW, PUMPS, STEAM GENERATORS, POWER FAILURES, 

PWR REACTORS 
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1 . NAMF OR DESIGNATION CF PROGRAM - SAFE-3C 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED ANO OTHERS UPON WHICH 
TT IS OPERABLE - UNIVAC1108, IBM360 

3 . DESCRIPTION OF PROBLEM OR FUNCTION - SAFE-30 I S A FINITE-ELEMENT 
PROGRAM FCR THE THREE-DIMENSIONAL ELASTIC ANALYSIS OF HETEROGENE
OUS COMPOSITE STRUCTURES. THE PROGRAM USES THE FOLLOWING TYPES CF 
F I N I T E ELEMENTS - ( 1 ) TETRAHEORAL ELEMENTS TO REPRESENT THE CON
TINUUM, (?) TRIANGULAR PLANE STRESS MEMBRANE ELEMENTS TO REPRESENT 
INNER LINER OR OUTER CASE. AND ( 3 ) UNIAXIAL TENSION-COMPRESSION 
ELEMENTS TC RFPRESENT INTERNAL REINFORCEMENT. THE STRUCTURE CAN 
BF OF ARBITRARY GEOMETRY AND HAVE ANY DISTRIBUTION CF MATERIAL 
PROPERTIES, TEMPERATURES, SURFACE LOADINGS, AND BOUNDARY CONDI
TICNS. 

4 . METHOD OF SOLUTION - THE F I N I T E ELEMENT VARIATIONAL METHOD IS 
USED. EQUILIBRIUM EQUATIONS ARE SOLVEC BY THE ALTERNATING COMPO
NENT ITERATIVE METHCD. 

5 . RESTRICTIONS ON THE CCMPLEXITY CF THE PROBLEM - MAXIMA OF -
5000 NODES 

16O00 ELEMENTS 
THE PROGRAM CANNCT BE APPLIEC TO INCOMPRESSIBLE SOLIDS AND IS NOT 
RECOMMENDED FOR POISSONS RATIO IN THE RANGE CF NU BETWEEN 0 . 4 9 5 
AND 0 . 5 . 

6 . TYPICAL RUNNING TIME - EXECUTION OF THE SAMPLE PRCBLEM CN THE 
IBM360/75 REQUIRES 15 MINUTES. 

7 . UNUSUAL FEATURES OF THE PROGPAM -

8. RELATED ANO AUXILIARY PRCGRAMS - SAFE-PCRS (ACC ABSTRACT 2 5 0 1 , 
SAFE-AXISYM (ACC ABSTRACT 2 5 1 ) , SAFE-PLANE (ACC ABSTRACT 2 5 2 ) 

9 . STATLS - ABSTRACT FIRST DISTRIBUTED JUNE 1 9 6 8 . 
UNIVAC1103 VERSION SUBMITTED APRIL 1 9 6 8 . 
IBM360 VERSION SUBMITTEC FEBRUARY 1 9 7 1 . 

REFERENCES - D. C. CORNELL, K. B. JADHAV, AND Y. R. RASHID, SAFE-
3 0 , A COMPUTEP PROGRAM FOR THE THREE-DIMENSIONAL STRESS ANALYSIS 
OF COMPOSITE STRUCTURES - A USERS MANUAL, G A - 7 8 5 5 , SEPTEMBER 1 , 
1967 • 

<:ni i r c r» cJ,'^ " ^ . o ^ ' ^ " " ^ ' THREE-DIMENSIONAL ANALYSIS OF ELASTIC 
SOL ICS. GA-8419 . FEBRUARY 1 9 6 8 . 

iiWTu.r i i n , cnllf^: y° "OUTINES FOR TAPE AND DRUM, EXCERPT FROM 
UNIVAl^ 1107 FORTRAN I V PROGRAMMERS REFERENCE MANUAL, U P - 3 5 6 9 , 

J . S . CROWELLt S*FE-3D 360 OVERLAY STRUCTURF AND 
MISCELLANEOUS INFORMATICN, ORNL NOTE, JANUARY 1 9 7 1 . 
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1 1 . MACHINE REQUIREMENTS - 52K FAST MEMORY STORAGE ANC 8 . C O C . 0 0 0 
AUXILIARY STORAGE FOR THE UNIVACl lOB 

12 . PROGRAMMING LANGUAGES USED - FORTRAN IV ( U N I V A C l l O S ) , FORTRAN IV 
ANO BAL ( IBM 360 ) 

1 3 . OPERATING SYSTEM CR MONITOR UNCER WHICH PROGRAM IS EXECUTED -
EXEC I I , GAX33A ( U N I V A C l l O B ) AND O S / 3 6 0 ( I B M 3 6 0 ) . 

1 4 . ANY CTHFP PROGRAMMING CR OPERATING INFORMATION OR RESTRICTIONS -

1 5 . NAME AND ESTABLISHMENT OF AUTHORS -
UNIVAC1108 D. C. CORNELL AND K. JADHAV 

GULF GENERAL ATOMIC INCCRPORATEC 
P. 0 . BOX 608 
SAN DIEGO, CALIFCRNIA 92112 

IBM360 J. S. CROWELL 
MATHEMATICS DIVISION 
OAK RIDGE NATIONAL LABORATORY 
P. 0. BOX X 
OAK R IDGE, TENNESSEE 37830 

1 6 . MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SCURCE DECKS ( 1 1 0 8 - 5 1 4 8 CARDS, 3 6 0 - 5 8 8 0 CARCS) 
SAMPLF PROBLEMS ( 1 1 0 8 - 2 0 5 CARDS, 3 6 0 - 2 2 8 CARDS) 
REFERFNCE REPORT G A - 7 8 5 5 , NTRAN EXCERPT, AND ORNL NOTE 

1 7 . CATEGORY - I 
KEYWORDS - 3-CIMENS lONAL, STRUCTURAL ANALYSIS, STRESSES, 

F I N I T E - E L E M E N T , SAFE-PCRS CODES, SAFE-AXISYM CODES, 
SAFE-PLANE CODES 
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1. NAME OR DESIGNATION OF PROGRAM - TOAD 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - UNIVACllOB 

3. DESCRIPTION OF PROBLEM OR FUNCTION - TOAD IS USED TO PROCESS AND 
ANALYZE GAMMA RAY SPECTRA. 

4. METHOD OF SOLUTION - SPECTRAL DATA IS READ FROM MAGNETIC (BCD) 
TAPE. PAPER TAPE. OR CARDS, AND SMOOTHED. PEAKS ARE LOCATED AND 
INTEGRATED. PEAK ENERGIES ARE DETERMINED. ADDITIONAL CALCULA
TIONS ARE PERFORMED. 

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - TOAD WILL HANDLE 
UP TO 100 SPECTRA AT A TIME FROM ANALYZERS WITH 4096 CHANNELS OR 
FEWER-

6. TYPICAL RUNNING TIME - 30 SECONDS TO 5 MINUTES ARE REQUIRED, 
DEPENDING UPON THE NUMBER AND COMPLEXITY OF SPECTRA PROCESSED. 

7. UNUSUAL FEATURES OF THE PROGRAM - TOAD IS TOLERANT OF ANALYZER 
GAIN AND BASE LINE SHIFTS AND CHANGES IN SAMPLE GEOMETRY AND DOES 
NOT REQUIRE A LIBRARY OF STANDARD SPECTRA. 

8. RELATED AND AUXILIARY PROGRAMS -

9. STATUS - ABSTRACT FIRST DISTRIBUTED JUNE 1968. 
UNIVACllOB VERSION SUBMITTED APRIL 1968. 

10. REFERENCES - J. DRAKE, L. L. STEWART, AND 0. D. BUSCH, TOAD, A 
COMPUTER CODE FOR PROCESSING GAMMA-RAY SPECTRA, &AMD-8266. APRIL 
3. 1968. 

H. P. YULE, DATA CONVOLUTION AND PEAK LOCATION. PEAK 
AREA. AND PEAK ENERGY MEASUREMENTS IN SCINTILLATION COUNTING. 
ANALYTICAL CHEMISTRY, VOL. 38, NO. 1, P. 103. JANUARY 1, 1966. 

11. MACHINE REQUIREMENTS - 32K MEMORY 

12. PROGRAMMING LANGUAGES USEO - FORTRAN IV AND ASSEMBLY LANGUAGE 

13. OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
EXEC 11. GAX33. 

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

15. NAME AND ESTABLISHMENT OF AUTHOR -
D. 0. BUSCH 
GULF GENERAL ATOMIC INCORPORATED 
P. 0. BOX 608 
SAN DIEGO. CALIFORNIA 92112 
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1. NAME OR DESIGNATION OF PROGRAM - P0Q5 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND CTHERS UPCN WHICH 
IT IS OPERABLE - IBM360,360/65 

3. DFSCRIPTION OF PROBLEM OR FUNCTION - THE FEW-GROUP TWO-DIMENSIONAL 
NFUTRON DIFFUSION EQUATIONS ARE SOLVED. UP TO FIVE GROUPS MAY BE 
USED WITH SCATTERING ALLCWEC BETWEEN ACJACENT GROUPS. IN ADDI
TION, DEPLETION PROBLEMS MAY BE SOLVED WITH P0Q5. 

4. MFTHCD CF SCLUTICN -

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE NUMBER CF COM-
PCSITIONS (WHICH IS ACTUALLY THE LARGEST COMPOSITION NUMBER PRE
SENT IN THE INPUT) MUST BE BETWEEN 1 AND 100. IT IS NOT NECESSARY 
THAT EVERY COMPOSITION APPEAR IN THE MESH. THE NUMBER OF EDIT 
RFGIONS (LARGEST EDIT NUMBER PRESENT IN THE INPUT) MUST BE BETWEEN 
0 AND 500. IF 0. INTEGRATION EDITING IS DONE BY COMPOSITION 
RATHER THAN BY EDIT REGION. IT IS NOT NECESSARY THAT EVERY EDIT 
REGICN APPEAR IN THE MESH. THE ROW ANC COLUMN BCUNCARIES MAY NOT 
CHANGE BETWEEN CASES OF A JOB. THE NUMBER OF SOLUTION COLUMNS IS 
GIVEN BY (COLUMN BOUNCARY • LEFT BOUNCARY CONDITION + RIGHT 
BOUNDARY CONDITION - 1) AND THE NUMBER OF SCLUTICN ROWS BY (ROW 
BOUNCARY • TOP BOUNCARY CONDITION + BOTTOM BOUNDARY CONDITION - 1) 
WHERE THE BOUNDARY CONDITIONS ARE -1, 0 AND +1 FOR ROTATION. ZERO 
FLUX, AND ZERO DERIVATIVE. RESPECTIVELY. THE NUMBER OF SOLUTION 
COLUMNS MUST BE BETWEEN 3 AND 335. THE NUMBER OF SOLUTION ROWS 
MUST BE EXACTLY 2 IN ONE-DIMENSIONAL PROBLEMS ANC BE GREATER THAN 
OR EQUAL TO 3 AND APPROXIMATELY 440 IN ALL OTHER PROBLEMS. IN R-Z 
GEOMETRY. THE TOP BCUNCARY CONDITION MAY NOT BE IN ROTATION AND 
THE LEFT BOUNDARY CONDITION MUST BE ZERCDERI V AT IVE. THE LEFT AND 
RIGHT BOUNDARY CONDITIONS MUST BE THE SAME IF THE TOP BOUNDARY 
CONDITION IS ROTATION. THE TOP ANO BCUNCARY CONDITIONS MUST BE 
ZERO DERIVATIVE IN ONE-DIMENSIONAL PROBLEMS. THE TOTAL NUMBER OF 
GROUPS MUST Ef BETWEEN 1 ANC 5 ANC MAY NOT BE CHANGED BETWEEN 
CASES OF A JOB. THF NUMBER OF THERMAL GROUPS IS RESTRICTED TO 1. 

6. TYPICAL RUNNING TIMF - ON AN IBM360. MOCEL 65. THE RANGE MAY BE 
FROM ONF MINUTE TO TWO HOURS WITH TYPICAL PROBLEMS IN THE 5 TO 30 
MINUTE RANGE. 

7. UNUSUAL FEATURES CF THE FRCGPAM -
(A) SENSE SWITCH OPERATION VIA TYPEWRITER 
(B) ADAPTABILITY TO WIDE CONFIGURATION OF EQUIPMENTS 
(C) FULL DOUBLE-PRECISION REAL VARIABLES 

8. RELATED AND AUXILIARY PROGRAMS -

9. STATUS - ARSTRACT FIRST DISTRIBUTED JUNE 1968. 
IRM360 VERSION SUBMITTED APRIL 1968, SAMPLE PROBLEM EXE

CUTED BY ACC. 
IBM360/65 VERSION SUBMITTED MAY 1971, SAMPLE PPCELEM 

EXECUTED BY ACC. 
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1 0 . REFERENCES - THE POQ-5 PROGRAM FOR THE SOLUTION OF THE TWO-DIMEN
SIONAL NEUTRON OIFFUSICN-DEPLETION PROBLEM USING IBM SYSTEM 3 6 0 , 
IBM REFERENCE MANUAL, JANUARY 1 9 6 8 . 

PDQ-5 USERS OPERATING NOTES, IBM NOTES. 
LINKEOIT FCR LOAD MODULE, EXCERPT FROM PDQ-5 USERS 

MANUAL FOR COMBUSTION ENGINEERING, 1968 ( 3 6 0 VERSION) . 
ARGONNE CODE CENTER TAPE TRANSMITTAL OF PDQ5-MIT FOR 

3 6 C / 6 5 , ACC NOTE, 1971 ( 3 6 0 / 6 5 VERSION) . 

1 1 . MACHINE REQUIREMENTS - THE MINIMUM REQUIREMENTS FOR A MODEL 40 CPU 
ARE 230K BYTES OF CORE FCR PROGRAM RESICENCE, 50 CYLINDERS OF A 
2311 OR 2314 DISK PACK FOR LOAD MODULE RESIDENCE. THE ABILITY TC 
HANCLF 13 CATA SETS (ON 2400 TAPE CRIVES OR 2311 OR 2314 DISK 
DRIVES) IN ADDITION TO STANDARD INPUT AND STANDARD OUTPUT. A 
TYPICAL SYSTEM 360 CONFIGURATION I S A MODEL 65 WITH AT LEAST 256K 
BYTES OF MEMORY, 3 MOCEL 2 3 1 1 DISK PACKS (2 BEING SYSTEM RESIDENCE 
PACKS AND THE THIRD CONTAINING THE PDQ5 LCAD MODULE AND ONE DATA 
S E T ) , 13 MODFL 2402 9-TRACK TAPE DRIVES FOR 12 OF THE PROBLEM OATA 
SFTS AND SYSOLT. ANC A MODEL 2540 CARD READER. 

! 2 . PROGRAMMING LANGUAGES USED - FORTRAN IV AND BAL 

1 3 . OPERATING SYSTEM CR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
O S / 3 6 0 , 

14. ANY OTHFR PROGRAMMING CR OPERATING INFORMATION OR RESTRICTIONS -
THE MIT IBM360/65 VERSION WAS MADE AVAILABLE BECAUSE THE ORIGINAL 
IRM360 VERSION LOAD MODULE HAC NCT PROVEC EXECUTABLE ON ALL 
MACHINES OR SYSTEMS. MODIFICATIONS WERE MADE TC THE PRCGRAM 
WHICH MAKE IT SOMEWHAT LESS SYSTEM DEPENDENT. 

15. NAME ANO ESTABLISHMENT OF AUTHCRS -
360 S. G. REED 

DATA PROCESSING D I V I S I O N 
INTERNATIONAL BUSINESS MACHINES CCRPCRATION 
112 EAST POST ROAD 
WHITE PLAINS. NEW YCRK 10601 

3 6 0 / 6 5 C. R. FERGUSON 
DEPARTMENT OF NUCLEAR ENGINEERING 
MASSACHUSETTS INSTITUTE CF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 0 2 1 3 7 

1 6 . MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL ( 3 6 0 - 2 TAPES, 3 6 0 / 6 5 - 1 TAPE) 

SCURCE DECKS ( 3 6 0 - 4 6 , 0 8 2 CARCS, 3 6 0 / 6 5 - 4 7 , 0 0 0 CARDS) 
OBJECT MODULES (360-TAPE 2 , 3 6 0 / 6 5 - F I L E 1) 
SAMPLE PROBLEMS ( 3 6 0 - 5 0 CARDS, 3 6 0 / 6 5 - 1 7 5 CARDS) 
SAMPLE PROBLEM OUTPUT (14 PAGES) 
REFERENCE MANUAL. NOTES. AND EXCERPT 

17. CATEGORY - 0 

KEYWORDS - DEPLETION, 2-DIMENSIONAL. FEW-GROUP, DIFFUSION EOUA
T I C N S , REACTIVITY, FLUX DISTRIBUTION 
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1 5 . NAME AND ESTABLISHMENT OF AUTHOR -
JOHN A. MCCLURE 
ATOMIC ENERGY D I V I S I O N 
PHILL IPS PETROLEJM COMPANY 
P. 0 . BOX 2 0 6 7 
IDAHO FALLS, IDAHO 83401 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK 15019 CARDS) 
SAMPLE PROBLEM (187 CARDS) 
REFERENCE REPORT ANO REVISIONS 

1 7 . CATEGORY - H 
KEYWORDS - 2 -D IMENSIONAL, X - Y , R - Z , R-THETA, GEOMETRIES. HEAT CON

DUCTION, SPACE-TIME, TEMPERATURE O I S T R U U T I O N , FUEL 
ELEMENTS 
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1. NAME OR DESIGNATION OF PROGRAM - ETOE 

2. COMPUTER FCP WHICH PROGRAM IS DESIGNED AND CTHERS UPON WHICH 
IT IS OPERABLE - COC3600, IBM36C 

3. OESCRIPTICN OF PROBLEM OP FUNCTION - ETOE (ENDF/B TO MC**2 CATA 
CONVFRSION) ACCEPTS CROSS SECTION DATA FROM A MODE 2 ENDF/B TAPE 
(SEE REFERFNCE 3) AND PREPARES THE BINARY CROSS SECTION ANO LEGEN
DRE POLYNOMIAL TAPE FOR THE MC**2 CCDE WRITTEN BY ARGONNE NATIONAL 
LABORATORY. 

4. MFTHOD OF SOLUTION -

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE RESTRICTIONS 
AS TC STORAGE LIMITATIONS AND OPTIONS ARE BASICALLY THOSE IMPOSED 
BY THE 1966 ENDF/B RESTRICTIONS AND THE MC**2 PRCGPAM (ACC 
ABSTRACT 3 5 5 ) . 

6. TYPICAL RUNNING TIME - THF AVERAGE RUNNING TIME VARIES FRCM 3 TO 6 
MINUTES ON THE CDC3600 PER MATERIAL PROCESSED DEPENDENT ON RESO
NANCE SCATTERING CALCULATICNS AND LEGENCPE PCLYNOMIAL CALCULA
TIONS. 

7. UNUSUAL FEATURES CF THE FRCGPAM -

R. RELATED ANC A U X I L I A R Y PROGRAMS - ETOE PREPARES I N P U T TO THE M C * * 2 
PROGRAM (SEE REFERENCE 2 ) U S I N G A MODE 2 E N D F / B T A P E . THE DAMMET 
PROGRAM (ACC ABSTRACT 3 8 4 ) MAY BE USED TC CREATE THE MQCE 2 BINARY 
T A P E . 

9 . STATLS - ABSTRACT F I R S T D I S T P I B U T E D MARCH 1 9 6 9 . 
C D C 3 6 0 0 V E R S I O N S U B M I T T E D SEPTEMBER 1 9 6 8 . 
I 8 M 3 6 0 V E R S I O N S U B M I T T E C A P R I L 1 9 7 1 , SAMPLE PROBLEM 

EXECUTED BY A C C . 

1 0 . RFFERENCES - 0 . M. GREEN AND T . A . P I T T E R L E , E T O E , A PROGRAM FOR 
E N D F / B TO M r , * * 2 DATA C O N V E R S I O N , A P D A - 2 1 9 ( E N D F / B - 1 2 0 ) . JUNE 1 9 6 8 . 

B . J . T O P P E L , A . L . RAGO, AND D . M . O S H E A . M C * * 2 . 
A CCDE TO CALCULATE MULT IGRCUP CRCSS S E C T I O N S . A N L - 7 3 1 8 , JUNE 
1 9 6 7 . 

H . C . HONECK. E N D F / B S P E C I F I C A T I O N S FOR AN EVALUATED 
NUCLEAR DATA F I L E FOR REACTCR A P P L I C A T I C N S , B N L - 5 0 0 6 6 ( T - 4 6 7 ) , 
E N C F - 1 0 2 , MAY 1 9 6 6 , R E V I S E D JULY 1 9 6 7 . 

H . C . HONECK ANC J . FELBERBAUM. DAMMET, A PROGRAM TO 
D E L E T E , ALTER MODE AND MERGE E N D F / B T A P E S , E N D F - 1 1 0 , 1 9 6 7 . 

1 1 . MACHINE REQUIREMENTS - 65K MEMCRY AND 7 M A G N E T I C TAPES - STANDARD 
I N P U T , STANDARD O U T P U T , E N D F / B , M C * * 2 , 2 SCRATCH T A P E S . ANO AN 
OVERLAY TAPF ARE R E Q U I R E D FOR THE C D C 3 6 0 C . THE 1 B M 3 6 0 V E R S I O N 
R E Q U I R E S fcOOK OF M F M O R Y . 
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1 2 . PRCGPAMMING LANGUAGE USED - FORTRAN IV (ASA STANDARD FORTRAN INSO
FAR AS POSSIBLE) 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE 5 .2B ( C D C 3 6 0 0 ) , OS /360 ( I B M 3 6 0 I . 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
THE CDC3600 VERSION OF ETOE IS MADE UP CF SIX OVERLAYS. OVERLAYS 
1-5 PROCESS THE ENDF/B TAPE DATA. OVERLAY 6 REARRANGES THE 
LEGENDRF PCLYNOMIAL EXPANSION CATA TO THE MC**2 FORMAT. AN I N I 
TIAL (ADDIT IONAL) INPUT CARD (FORMAT 6 1 6 ) IS REQUIRED FOR THE 
IBM360 VERSION, ASSIGNING THE LOGICAL LNIT NUMBERS REQUIRED. 
FIELD I (COLS. 1 - 6 ) I D E N T I F I E S THE CARC INPUT U N I T , F IELD ? (COLS. 
7 - 1 2 ) THF ENDF/B DATA TAPE U N I T , F IELD 3 (COLS. 1 3 - 1 8 ) THE MC**2 
TAPE U N I T , F IELD 4 (COLS. 1 9 - 2 4 ) THE ELASTIC AND INELASTIC SCAT
TERING CROSS SECTION SCRATCH U N I T , FIELC 5 (COLS. 2 5 - 3 0 1 THE 
LEGENDRE COEFFICIENT SCRATCH U N I T , ANO FIELD 6 (COLS. 3 1 - 3 6 ) THE 
W TABLE U N I T . 

1 5 . NAME AND ESTABLISHMENT OF AUTHCRS -
3600 D. M. GREEN AND T. A. PITTERLE 

ATOMIC POWER DEVELCFMENT ASSOCIATES, INC. 
PRESENT CONTACT 

T. A. PITTERLE 
WESTINGHOUSE ELECTRIC CCRPORATION 
ADVANCED REACTOR DIVISION 
WALTZ MILL SITE 
P. C. BCX 158 
MADISON, PENNSYLVANIA 15663 

360 E. M. PENNINGTON 
APPLIED PHYSICS DIVISION 
ARGCNNF NATIONAL LABORATORY 
9700 SOLTH CASS AVENUE 
ARGONNE. ILLINOIS 6C439 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECKS ( 3 6 0 0 - 3 7 4 3 CARDS. 3 6 0 - 4 5 7 9 CARDS) 
SAMPLF PROBLEMS ( 3 6 0 0 - 2 8 2 CARDS, 3 6 0 - 2 8 3 CARDS) 
SAMPLE PROBLEM OUTPUT ( 3 6 C C - 4 4 PAGES. 3 6 0 - 4 5 PAGES) 
REFERFNCE REPORT, APDA-219 

17. CATEGORY - M 
KEYWCRDS - CROSS SECTIONS, LIBRARIES, PREPARATION, RETRIEVAL, 

MC**2 CODES, DAMMET CODES 
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1 . NAME OR DESIGNATION OF PROGRAM - ECSIL 

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

3 . DESCRIPTION OF PROBLEM OR FUNCTION - ECSIL (EXPERIMENTAL CROSS 
SECTION INFORMATION LIBRARY) IS A SYSTEM FOR THE STORAGE, RETRIEV
AL, ANO DISPLAY OF EXPERIMENTAL NEUTRON OATA. THE HEART OF THE 
ENTIRE SYSTEM IS THE COLLECTION OF DESIGNATORS USEO TO IDENTIFY 
THE TYPE OF NEUTRON DATA, E . G . , WHETHER THE MEASUREMENT I S A F I S 
SION CROSS SECTION, AN ANGULAR DISTRIBUTION FOR EMERGENT NON-ELAS
TIC NEUTRONS BETWEEN TWO NEUTRON ENERGIES, ETC. THERE ARE THREE 
DICTIONARIES USED FOR INPUT TO THE DATA F I L E - ONE FOR THE REAC
TION-TYPE DESIGNATOR, ONE FOR THE STATUS OF THE DATA, AND ONE TO 
FLAG THE PROGRAM TO PERFORM CERTAIN CONVERSIONS. EXPERIMENTAL 
NEUTRON DATA ARE, IN GENERAL. COMPOSED OF TWO INTERDEPENDENT. BUT 
LOGICALLY SEPARABLE PARTS, THE BIBLIOGRAPHIC INFOR.MATION AND THE 
ACTUAL EXPERIMENTAL VALUES. THE REFERiENCE ACCESSION NUMBER, WHICH 
I S ASSIGNED TO A REFERENCE ANO ITS ASSOCIATED SET OF DATA AS THEY 
ARE ACQUIRED, SERVES AS A LINK BETWEEN THE BIBLIOGRAPHIC AND THE 
EXPERIMENTAL DATA F I L E S - AFTER A REFERENCE ACCESSION NUMBER IS 
ASSIGNED TO A NEW REFERENCE, THE FOLLOWING INFORMATION IS ENTERED 
INTO THE BIBLIOGRAPHIC F ILE - THE COMPLETE BIBLIOGRAPHIC CITATION, 
THE LABORATORY WHERE THE MEASUREMENT WAS PERFORMED, A BRIEF 
DESCRIPTION OF THE EXPERIMENTAL TECHNIQUE, CORRECTIONS THAT HAVE 
BEEN MADE TO THE RESULTS, AND NORMALIZATIONS. IF ANY. IN ADDI 
T I O N . ANY CHANGES MADE TO THE DATA (RENORMALIZATIONS TO BETTER 
STANDARDS. CORRECTIONS. ETC. ) ARE RECORDED HERE. SUPPLEMENTARY 
REFERENCES ARE CARRIED ALONG AS SEE ALSOS. 

4. METHOD OF SOLUTION -

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - TWE NUMBER OF 
EDITING OPERATIONS THAT MAY BE PERFORMED DURING A SINGLE UPDATE 
RUN IS 100. 

6. TYPICAL RUNNING TIME -

7. UNUSUAL FEATURES OF THE PROGRAM -

8. RELATED AND AUXILIARY PROGRAMS - THE PROGRAM ECSCHK IS USED TO 
CHECK THE INPUT TAPE FOR STANDARD TYPE ERRORS WHICH MIGHT HAVE 
BEEN MISSED DURING THE HAND-CHECKING PROCEDURES. THE ECSUPD PRO
GRAM UPDATES THE EXPERIMENTAL DATA TAPEISJ. ECSDEX IS USED TO 
PRODUCE INDEXES TO THE EXPERIMENTAL DATA FILE. ECSRET IS USED TO 
RETRIEVE DATA ROM THE TAPE LIBRARY. EASILY ANO EFFICIENTLY. 
ACCORDING TO SPECIFICATION OF THE REQUESTER. THE PROGRAM ECSPRT 
PRODUCES A PRINTED DISPLAY OF THE DATA FROM THE BINARY TAPE 
LIBRARY. THE OUTPUT FROM ECSPRT IS A DOCUMENT CONTAINING EXPERI
MENTAL DATA ON ANY DESIRED NUMBER DF ISOTOPES IN A READILY USABLE 
FORM. ECSPLT PRODUCES CALCOMP PLOT OUTPUT OF INTEGRATED CROSS 
SECTION OATA FROM THE EXPERIMENTAL CROSS SECTION LIBRARY. ECSAPL 
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1. NAME OR DESIGNATION OF PROGPAM - CINCAS 

2. COMPUTER FCR WHICH PROGRAM IS CESIGNEC AND OTHERS UPON WHICH 
IT IS OPERABLE - IBM360, CDC66CC 

3. DESCRIPTION OF PROBLEM CR FUNCTION - CINCAS IS A NUCLEAR FUEL 
CYCLE COST CODE WHICH MAY RE USFD FCR EITHER ENGINEERING ECONOMY 
PREDICTIONS OF FUEL CYCLE COSTS OR FOR ACCOUNTING FCRECASTING CF 
SUCH COSTS. FEATURES CF CINCAS INCLUDE -

(1) MONTHLY CALCULATION CF DOLLAR COSTS AND MASS INVENTORY ON 
A BATCH AND CASE BASIS FOR EACH MONTH OF A PERIOD WHICH IS 
USUALLY DEFINED AS (BUT NOT RESTRICTED TO) BEGINNING WITH 
THE DELIVERY OF FUEL TO THE REACTCR SITE ANC ENDING WITH 
THE WITHDRAWAL OF FUEL FROM THE REACTOR. 

(2) A GENERAL FORMULA FCR THE UNIT PPICE OF ENRICHED URANIUM 
WHICH ALLOWS FOR VARIABLE FEED AND TAILS ENRICHMENTS, 
CCSTS OF FEEC, CHEMICAL CONVERSION. SEPARATIVE WORK. ANO 
LOSSES IN CONVERSION ANC FABRICATION. 

4. METHOD CF SOLUTION -

5. RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - GOVERNMENT OWNER
SHIP OR LEASING OF FUEL IS NOT ALLOWED. AND THORIUM233 FUELS ARE 
NOT COVERED. NOR HAS CCNSIDEBATICN BEEN GIVEN TO BREEDER REACTORS. 
THE IN-CORE TIME SPANNED BY ALL BATCHES OF A CASE MUST BE NO MORE 
THAN 40 YEARS. 

6. TYPICAL RUNNING TIME - EXECUTION OF THE SAMPLE PROBLEM REQUIRES 
LESS THAN A MINUTE ON THE IBM360/75. 

7. UNUSUAL FEATURES OF THE PRCGRAM - . 

8. RELATED AND AUXILIARY PROGRAMS -

9. STATUS - ABSTRACT FIRST DISTRIBUTED MARCH 1969. 
IBM360 VERSION SUBMITTED NOVEMBER 1968. REPLACED BY 

REVISED VERSION JULY 1969, SAMPLE PROBLEM EXECUTED 
BY ACC. 

CDC6600 VERSION SUBMITTED DECEMBER 1970. 

10. REFERENCES - T. W. CRAIG, CINCAS, A NUCLEAR FUEL CYCLE ENGINEERING 
ECONOMY AND ACCOUNTING FORECASTING CODE, COMMONWEALTH EDISON 
REPORT, NOVEMBER 15, 1968. 

ERRATA ANC ADDENDA TO BE ADDED TO CINCAS, A NUCLEAR 
FUEL CYCLE ENGINEERING ECONOMY AND ACCOUNTING FORECASTING CODE, 
COMMONWEALTH EDISON REPORT, JULY 9, 1969. 

11. MACHINE REQUIREMENTS -

12. PROGRAMMING LANGUAGE USEC - FORTRAN IV 
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1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
a s / 3 6 0 AND SCOPE. 

1 4 . ANY CTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

1 5 . NAME AND ESTABLISHMENT OF AUTHCRS -
360 S . MCLAIN AND P . J . FLLFORO 

PURDUE UNIVERSITY 
LAFAYETTE , INDIANA 

360 M. 0 . ECLUNC ANC T . W. CRAIG 
UNIVERSITY OF MICHIGAN 
ANN ARBOR. MICHIGAN 

6600 P. HENLINE 
ARGONNE CODE CENTER 
ARGCNNE NATIONAL LABORATORY 
9700 SCUTH CASS AVENUE 
ARGONNE. I L L I N O I S 60439 

16. MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECKS ( 3 6 0 - 1 8 4 0 CARDS. 6 6 0 C - 1 8 8 2 CARDS) 
SAMPLE PROBLEMS ( 3 6 0 - 4 0 CARDS. 6 6 0 0 - 3 9 CARDS) 
REFERFNCE REPORT, ERRATA. ANC ADDENDA 

1 7 . CATEGORY - C 
KEYWORDS - FUEL CYCLE, ECONCMICS, POWER PLANTS. OPERATION 
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1. NAME OR DESIGNATION OF PROGRAM - MC**2 

2. COMPUTER FOR WHICH PROGRAM IS CESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - C0C3600. IBM360 

3. DESCRIPTION OF PROBLEM CR FUNCTICN - M0**2 IS USED TO CALCULATE 
MULTIGROUP CROSS SFCTIONS USING AN EVALUATED NUCLEAR DATA FILE 
(ENDF) AND THESE CRCSS SECTICNS ARE SUITABLE FOR DIRECT USE BY 
NEUTRONICS COOES WITHCUT PERFORMING ANCILLARY CALCULATICNS. 

4. MFTHCD CF SOLUTICN - CRCSS SECTIONS IN THE RESOLVED RESONANCE 
RFGION ARE CALCULATED USING DOPPLER-BRCACENED LINE SHAPES WITH AN 
EQUIVALENCE RELATION TO ACCOUNT FOR HETEROGENEITIES. THE INTER
FERENCE BETWEEN RESONANCE ANC POTENTIAL SCATTERING AND THE INTER-
FFRENCF WITH OVERLAPPING RESCNANCE IN CTHER ISOTOPES ARE ALLOWED. 
CROSS SECTIONS IN THE UNRFSOLVED RESONANCE REGION ARE COMPUTED BY 
TAKING AVERAGES OVER SUITABLE PCRTER-THOMAS DISTRIBUTIONS OF THE 
NEUTRON AND FISSION WIDTHS. THE PROGRAM DOES THE CALCULATICNS FCR 
BOTH S- ANC P-WAVE NEUTRONS ANC INCLUCES A SUMMATION OVER SPIN 
STATES IN EACH CASF. THE PROGRAM ALSC PERMITS ENERGY VARIATION 
CF THE FISSION ANC REDUCED NEUTRON WIDTHS OVER THE UNRESOLVED 
REGICN. THE DOPPLER LINE-SHAPE FUNCTIONS ARE OBTAINED FROM INTER
POLATION IN A PREVIOUSLY GENERATED TABLE OF THE COMPLEX PROBA
BILITY INTEGRAL. OUTSIDE THE RANGE OF THE TABLE. VARIOUS ANALYTI
CAL APPROXIMATIONS ARE UTILIZED CONSISTENT WITH THE VALUE OF THE 
ARGUMENT. QUANTITIES SMOOTHLY VARYING WITH RESPECT TC ENERGY 
ARE REPRESENTED IN THF LIBRARY BY THE COORDINATES OF END POINTS OF 
LINEAR SEGMENTS. SINCE THE QUANTITIES TABULATED ARE THEN LINEAR 
FUNCTIONS OF THE ENERGY. THFY MAY RE EASILY INTEGRATED ANALYTI
CALLY. USING AN ASSUMED FLUX SHAPE. TO OBTAIN A SUITABLE AVERAGE 
OVER A FINE GROUP OF ARBITRARY WIDTH. INELASTIC SCATTERING AND 
N,2N MATRICES ARE COMPUTED FROM EXCITATION FUNCTIONS FOR INDIVIDU
AL LEVFLS AND BY USING A NUCLEAR EVAPCRATICN MOCEL ABOVE THE 
REGION OF RESOLVED LEVELS. ELASTIC SCATTERING AND TRANSPORT CROSS 
SECTIONS ARE COMPUTED FROM LEGENDRE COEFFICIENTS FOR THE EXPAN
SIONS OF THF SCATTERING ANGULAR-DISTRIBUTION DATA. THE FUNDAMEN
TAL-MODE WEIGHTING SPECTRUM MAY BE CALCULATED IN EITHER THE ORDI
NARY PI APPROXIMATION CR THE CONSISTENT PI OR Bl APPROXIMATIONS. 
ITERATION ON BUCKLING TC CRITICALITY MAY BE PERFORMED. IF CESIREO. 

5. RESTRICTIONS ON THE CCMPLEXITY CF THE PROBLEM -

6. TYPICAL RUNNING TIMF - ON A COC36O0 AN MC**2 PROBLEM FOR A TYPICAL 
LARGE FAST REACTOR COMPOSITION REQUIRES ON THE ORDER OF 15 TO 80 
MINUTFS. DEPENDING UPON THE PARAMETERS CF THE PROBLEM. 
ON THE IPM360 COMPILATION TIMF IS 4 MINUTES ANO EXECUTION TIME 
FOR THE SAMPLE PROBLEM IS 9 MINUTES. 

7. UNUSUAL FEATURES OF THE PROGRAM -

P. RELATED ANO AUXILIARY PRCGRAMS - ETOE (ACC ABSTRACT 350) IS USEO 
TO GENERATE THE LIBRARY UTILIZED BY MC**2. 
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9 . STATUS - ABSTRACT FIRST DISTRIBUTED MARCH 1 9 6 9 . 
CDC3600 VERSION SUBMITTED NOVEMBER 1 9 6 8 . 
IBM360 VERSION SUBMITTEC JULY 1 9 7 0 . SAMPLE PROBLEM 

EXECUTEC EY ACC. 

1 0 . REFERENCES - P . J . TOPPEL. A. L. RAGO. AND D. M. OSHEA, M C * * 2 , 
A CODE TC CALCULATE MULTIGPOUP CROSS SECTIONS, A N L - 7 3 1 8 , JUNE 
1 9 6 7 . 

D. M. GREEN AND T . A. P ITTERLE, ETOE, A PRCGRAM FOR 
ENOF/B TO MC**2 DATA CONVERSION, APDA-219 ( E N D F / B - 1 2 0 ) , JUNE 1968 . 

M. K. BUTLER AND A. L . RAGO, COMPUTER ENVIRONMENT 
REPCRT. ANL-74T8 . FEBRUARY 1 9 6 8 . 

C. STENBERG. SUGGESTIONS TC FACIL ITATE THE EXPORTA-
BIL ITY OF THE STAND ALONE MC**2 CODE. ANL-AP MEMORANDUM, JULY 
1970 . 

ACC NOTE. DESCRIPTION OF INPUT CARDS FCR MC**2 IBM360 
VERSION, JULY 1 9 7 0 . 

1 1 . MACHINE REQUIREMENTS - CDC 3600 64K MEMORY AND 9 MAGNETIC TAPES 
IBM360 VERSION SAMPLE PROBLEM REQUIRES 500K. SEE ALSO NUMBER 14. 

1 2 . PROGRAMMING LANGUAGES USED - 36C0 FORTRAN (CDC360C) AND FORTRAN 
IV ( IRM360) 

13 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
SCCPE (CCC3600I AND OS/360 ( I E M 3 6 0 ) . 

1 4 . ANY OTHFR PROGRAMMING OR OPERATING INFCRMATICN OR RESTRICTIONS -
MC**2 OPERATES WITHIN THE OVERLAY CAPABILITY OF THE CDC36C0 AND 
CONSISTS OF A MAIN SECTION AND FIVE OVERLAYS ON A PROGRAM OVERLAY 
TAPE ( T 2 3 ) . THE IBM360 VERSION IS ALSO OVERLAYED. THE SUBROU
TINE TLEFT IS PART CF THE ANL 360 SYSTEM ENVIRONMENT. IT RETURNS 
TO A CALLING PROGRAM THE DIFFERENCE. I N HUNDREDTHS OF A SECONO. 
BETWEEN THE TIME ESTIMATE ON THE JOB CARD AND THE TOTAL ELAPSED 
CPU + VOLUNTARY WAIT TIME. THE FUNCTICN IS CALLEC WITH ONE DUMMY 
ARGUMENT. THE VALUE RETURNED I S I N SINGLE PRECISION. FLOATING 
POINT. BINARY. THE VALUE OF THE DUMMY ARGUMENT REMAINS UNCHANGED. 

EXAMPLE X=TLEFT(Y) CAUSES X TC BE SET EQUAL TO THE TIME LEFT, 
AS DESCRIBED. 

SUBRCUTINE ABSTOP HALTS EXECUTION BECAUSE OF AN ABNORMAL CONDITION 
BUT DOES NOT PRODUCE A CORE DUMP. THIS COULD BE REPLACED WITH A 
CALL EXIT OR STOP. SUBROUTINE ABEND PRODUCES AN ABNORNAL TERMINA
TION DUMP. 
FOR THE IBM360, CORE SIZE IS DEPENDENT ON THE PROBLEM S I Z E . THE 
FOLLOWING TWO STATEMENTS CAN BE CHANGED IN SUBROUTINES C S I O C l , 
CSCOOl. CSC002. ANO CSC003 TO ALTER REQUIRED CORE S I Z E . 

CCMMCN/APR AY/ARRAY(99999) 
CALL PCINTRIARRAY.99999.JPRINT) 

15. NAME AND ESTABLISHMENT OF AUTHORS -
B. J. TOPPEL, A. L. RAGO, D. M. OSHEA ANO 
C. STENBERG 
ARGONNE NATIONAL LABORATORY 
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1 5 . NAME AND ESTABLISHMENT OF AUTHOR(S) (CONTINUED) 
9 7 0 0 SOUTH CASS AVENUE 
ARGONNE, I L L I N O I S 60439 

1 6 . MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECKS ( 3 6 0 0 - 4 3 7 9 CARDS, 3 6 0 - 7 5 2 1 CARCS) 
SAMPLF PROBLEMS ( 3 6 0 0 - 4 1 CARDS, 3 6 C - 2 0 CARDS) 
SAMPLE PRCBLEM OUTPUT ( 3 6 0 - 3 1 SELECTEC PAGES) 
REFERENCE REPORTS ANL-7318 AND A N L - 7 4 0 8 , ANL-AP MEMO, ANC ACC 

NOTE 

1 7 . CATEGORY - B 
KEYWORDS - MULTIGROUP, CROSS SECTIONS, RESOLVED REGION, RESCNANCE, 

DOPPLER BROACENINC. UNRESOLVED REGION, INELASTIC SCAT
TEPING, ELASTIC SCATTERING. LEGENDRE COEFFIC IENTS, 
ANGULAR O I S T R I B U T I C N , ETOE CODES 
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13. OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
EXEC II. 

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
A CALL TO SETEOF IS COMPLETELY UNNECESSARY BUT FULMINATES AN UN
NECESSARY DIAGNOSTIC ON THE 1108. 

15. NAME AND ESTABLISHMENT OF AUTHOR -
H. H. VAN TUYL 
BATTELLE-NORTHWEST LABORATORY 
P. 0. BOX 999 
RICHLAND, PENNSYLVANIA 99352 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK (1175 CARDS) 
BINARY DECK (505 CARDS) 
SAMPLE PROBLEM (71 CARDS) 
LIBRARY (1512 CARDS) 
REFERENCE REPORT AND NOTE 

17. CATEGORY - 0 
KEYWORDS - 2-GROUP, ISOTOPES, PRODUCTION, DECAY, FISSION PRODUCTS, 

REACTION RATES 
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1 . NAME OR D E S I G N A T I O N OF PROGRAM - F L A N G E 2 , F L A N G 2 / S C 

2 . COMPUTER FOR WHICH PROGRAM I S D E S I G N E D AND CTHERS UPON W H I C H 
I T IS OPERABLE - I B M 3 6 0 , U N I V A C l l O B 

3 . D E S C R I P T I O N OF PROBLEM CR F U N C T I C N - FLANGE2 TAKES CROSS S E C T I O N S , 
ANGULAR D I S T R I B U T I O N , RESONANCE P A R A M E T E R , AND S C A T T E R I N G LAW OATA 
FROM F N D F / B OATA TAPES AND PPEPARES THERMAL M U L T I G R O U P CROSS SEC
T I O N S ANO S C A T T E R I N G M A T R I C E S . F L A N G 2 / S C I N C L U C E S THE SHORT C O L -
L I S I C N T I M E A P P R O X I M A T I O N FOR ENERGY T R A N S F E R S ABOVE THE MAXIMUM 
RETA I N THE S C A T T E R I N G KERNEL ON THE E N D F / B T A P E . 

4 . MFTHCD CF S O L U T I O N - D I R E C T I N T E G R A T I O N OF THE S C A T T E R I N G LAW I S 
USED TO O B T A I N LEGENDRE MOMENTS. 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF THE PROBLEM -
MAXIMUM ENERGY GROUPS = 2 0 0 
MAXIMUM LEGENDRE ORDER = 5 

6 . T Y P I C A L RUNNING T I M E - A FLANGE2 CROSS S E C T I O N C A L C U L A T I O N 
R E Q U I R E S A P P R O X I M A T E L Y 1 M I N U T E . WHILE A F U L L S C A T T E R I N G MATRIX 
PROBLEM ( L = 5 ) TAKES ABOUT 10 M I N U T E S . 

7 . UNUSUAL FEATURES OF THE FRCGPAM -

8 . RELATED AND A U X I L I A R Y PRCGRAMS - F L A N G E l (ACC ABSTRACT 2 4 7 ) 

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D SEPTEMBER 1 9 6 9 . 
i e M 3 6 0 V E R S I O N OF FLANGE2 S U B M I T T E D JANUARY 1 9 6 9 . 
U N I V A C l l O B V E R S I O N CF FLANGE2 S U B M I T T E C MAY 1 9 7 0 . 
U N I V A C l l O B V E R S I O N OF F L A N G 2 / S C S U B M I T T E D DECEMBER 1 9 7 0 . 

1 0 . RFFERENCES - H . C . H O N E C K , Y . C . N A L I B O F F , F L A N G E - I I , A CCCE TO 
PROCESS THERMAL NEUTRON S C A T T E R I N G DATA FROM AN E N D F / B T A P E . P R E 
L I M I N A R Y REPCRT ( S E C T I C N S 1 - 5 O N L Y ) , CECEMBER 1 9 6 8 . AND R E V I S I O N S , 
SEPTEMBER 3 , 1 9 6 9 . 

G . M . B O R G O N O V I . NEUTRON S C A T T E R I N G KERNELS C A L C U L A 
T I O N S AT E P I T H E R M A L E N E R G I E S . G A - 9 9 5 0 , MARCH 1 7 , 1 9 7 0 . 

1 1 . MACHINE RFQUIPEMENTS - 32K WORDS 

1 2 . PROGRAMMING LANGUAGF USED - FCRTRAN I V 

1 3 . OPERATING SYSTEM CR MONITOR UNCER W H I C H PROGRAM I S EXECUTED -
O S / 3 6 . 1 ( 1 B M 3 6 0 ) AND EXEC I I ( U N I V A C l l O B ) . 

' " " c ? L , ^ I ! ; ' ^ L r ° ^ * ' * " ' ^ " ^ ' ^ " " " O P E R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -
FPPM T L K , ? T , n K " " " ^^"^'^ ^ " ^ ^'^°^^^ L I B R A R Y W H I C H IS A V A I L A B L E 
FROM THE NAT IONAL NEUTRON CRCSS S E C T I O N CENTER AT BROOKHAVEN 
N A T I C N & L LABCPATORY. 



601 

ACC ABSTRACT 368 - 2 - 03/72 

15. NAME AND ESTABLISHMENT OF AUTHORS -
3 6 0 . U O R H. C. HONECK 

COMPUTER APPLICATIONS DIVISION 
SAVANNAH PIVER LABORATORY 
AIKEN, SOUTH OARCLINA 29801 

1108 Y. C. NALIBOFF ANO G. M. BORGONOVI 
GULF RADIATION TECHNOLOGY INCORPORATED 
P. 0. BOX 6Ce 
SAN D I E G O , C A L I F O R N I A 9 2 1 1 2 

I t . M A T E P I A L A V A I L A B L E - M A G N E T I C TAPE T R A N S M I T T A L 
SCURCE DECKS ( F L A N G E 2 3 6 0 - 2 8 3 5 C A R D S . 1 1 0 8 - 2 7 8 3 C A R D S , 

F L A N G 2 / S C 1 1 0 8 - 2 8 5 8 C A R D S ) 
SAMPLE PROBLEM ( 3 6 0 - 2 7 C A R D S ) 
SAMPLF PROBLEM OUTPUT ( 2 2 S E L E C T E C P A G E S ) 
R F F E R E N C E R E P O R T S AND R E V I S I O N S 

17. CATEGORY - A 
KEYWORDS - THERMAL MULTIGRCUP CROSS SECTIONS, SCATTERING LAW, 

ANGULAR DISTRIBUTION, RESONANCE PARAMETERS, FLANGE 
CCDES 
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1 . NAME OR DESIGNATION OF PROGRAM - RELAP2 

2 . COMPUTER FOR WHICH PROGRAM I S DESIGNED ANO OTHERS UPON WHICH 
IT IS OPERABLE - C0C6600, IBM7044, UNIVACl lOB 

3 . DESCRIPTION OF PROBLEM OR FUNCTION - RELAP2 CALCULATES FLOW, MASS 
INVENTORIES, TEMPERATURES, PRESSURES, R E A C T I V I T I E S , ANO TRANSIENT 
POWER FOR THE PRIMARY SYSTEM OF A WATER REACTOR DURING A REACTIV
ITY OR A LOSS-OF-COOLANT ACCIDENT. ALTHOUGH RETAI.NING THE S I M P L I 
FIED GEOMETRY (THREE VOLUMES PLUS A CORE REGION) OF THE PREVIOUS 
RELAP PROGRAM, MANY IMPROVEMENTS AND EXTENSIONS HAVE BEEN MADE. 
THE GEOMETRY CAN BE HADE TO APPROXIMATE EITHER A PRESSURIZED OR A 
BOILING WATER REACTOR SYSTEM. THE CORE IS TREATED AS A TWO-POINT 
MODEL FOR POWER GENERATION, HEAT TRANSFER, AND REACTIVITY FEED
BACKS ANO AS A ONE-POINT MODEL FOR THE REACTOR K I N E T I C S , PRESSURE 
BALANCES, AND FLOW BALANCES. ALSO, RELAP2 CAN BE USEO FOR REACT3R 
SYSTEM SAFETY STUDIES INCLUDING LARGE REACTIVITY EXCURSIONS AS 
WELL AS THE LOSS-OF-COOLANT AND PJMP-FAILJRE ACCIOENTS. 

4 . METHOD OF SOLUTION - THE TABULAR VALUES OF PRESSURE ARE I N V E S T I 
GATED SUCCESSIVELY, STARTING AT THE PREVIOUS POINT I N THE STEAM 
TABLES, UNTIL BOTH THE KNOWN DENSITY ANO ENTHALPY VALUES ARE 
BRACKETED. WITHIN THESE L I M I T S THE CALCULATED PRESSURE IS CHANGED 
ITERATIVELY UNTIL THE DENSITY, CALCULATED FROM MULTIPOINT LINEAR 
INTERPOLATION FORMULAS, MATCHES THE KNOWN DENSITY WITHIN THE COM
PUTER ACCURACY. A SUBROUTINE USING THE NEWTON-RAPHSON METHOD WAS 
WRITTEN WHICH CONVERGES THE FLOW EQJATIONS TO WITHIN COMPUTER 
ACCURACY L I M I T S . NO INPUT INCREMENT I S REQUIRED ANO NO FAILJRES 
HAVE BEEN NOTED. THE MASS AND ENERGY DIFFERENTIAL EQUATIONS ARE 
SOLVED BY FORWARD F I N I T E DIFFERENCE TECHNIQUES. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE PRESSURIZED 
WATER REACTOR (PWR) SYSTEM IS DIVIDED INTO THREE BASIC VOLUMES -
(A) THE COLD LEG WHICH INCLUDES THE FLUID FROM THE HEAT EXCHANGER 
TO THE REACTOR INLET , (B) THE HOT LEG FROM THE REAtTOR OUTLET TO 
THE HEAT EXCHANGER, AND (C) A SYSTEM PRESSURIZEP CONNECTED TO THE 
HOT VOLUME. EACH VOLUME IS DEFINED AS A SIMPLE CrLINDRlCAL TANK 
WHERE RELATIVE ENTRANCE AND EXIT JUNCTIONS ARE SPECIFIED BY THE 
USER. SYSTEM BREAKS INVOLVING LEAKS ARE ALLOWED I.N ANY OF THE 
THREE VOLUMES. THE TIME-STEPS MUST BE EMPIRICALLT DETERMINED BY 
THE USER. 

6 . TYPICAL RUNNING TIME - THE APPROXIMATE SPEED ON THE IBM7044 IS 200 
TIME-STEPS PER MACHINE MINUTE. THE CDC6600 IS ABOUT TEN TIMES 
FASTER. 

7 . UNUSUAL FEATURES OF THE PROGRAM - RELAP2 RETAINS MOST OF THE CAL
CULATIONAL FEATURES OF ITS PREDECESSORS, BUT DIFFERS MAINLY I N 
THE REACTOR K I N E T I C S , REACTOR CONTROL OPTIONS, TWO-PHASE SEPARA
TION MODELS, PRESSURE AND FLOW SEARCH TECHNIOJES, AND INPUT/OUT
PUT FORM. 
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1. NAME OR DESIGNATION OF PROGRAM - SC0RE3 

2. COMPUTER FCR WHICH PROGRAM IS CESIGNED AND OTHERS UPON WHICH 
IT IS OPFRARLE - IBM360 

3. DESCPIPTION CF PROBLEM OR FUNCTION - SCORE IS AN INTERACTIVE NEU
TRON CROSS SECTION EVALUATION SYSTEM. 

4. METHOD CF SOLUTION - EXPERIMENTAL NEUTRON CROSS SECTION OATA CAN 
BF RETRIFVED AND DISPLAYED CN AN ACTIVE GRAPHICS CONSOLE. MANY 
BOOKKFEPING OPERATIONS MAY RE INITIATED BY OPTION SELECTION AT THE 
CONSOLE. EVALUATED CATA ANALYSIS MODULES, PERMITTING THE PRODUC
TION OF EVALUATED DATA CURVES CR RESCNANCE PARAMETERS. ARE AVAIL
ABLE. THE EVALUATED DATA CURVE MODULE INCLUDES LINEAR, CUBIC 
SPLINE, OR LEAST SQUARES CUBIC SPLINE (SEE REFERENCE 2) CURVE 
GENERATION. THE RESONANCE ANALYSIS MODULE PERMITS SINGLE-LEVEL, 
RFICH-MOCRE OP ACLER MULTILEVEL ANALYSIS. 

5. RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - SCCPE CAN CISPLAY 
UP TO 500 EXPERIMENTAL DATA POINTS WITH THEIR ASSOCIATED ERROR 
BARS. UP TO 7 SMOOTH CURVES MAY BE OVERLAYEC CN A CISPLAY OF 
EXPERIMENTAL DATA POINTS. EACH CURVE IS RESTRICTED TO 150 POINTS. 

6. TYPICAL RLNNING TIME - APPROXIMATELY 6 TC 12 MINUTES PER HOUR AT 
THF CONSOLE APE RFQUIRED ON AN IBM360/50. 

7. UNUSUAL FEATURES CF THE PRCGRAM - SCORE EMPLOYS INTERACTIVE 
GRAPHICS FOP CONTROL OF EXECUTION PATHS. 

P. RFLATFO AND AUXILIARY PROGRAMS - THREE PRCGRAMS ARE NEEDED TO PRO
DUCE THE REQUIRED DATA LIBRARIES. SAP I( USED TO CCNSTRUCT 
FXPERIMFNTAL DATA LIBRARIES FROM SCISRS. SCOFF CONSTRUCTS EVALU
ATED DATA LIBRARIES FROM FNOF/B. RAP OCNSTRUCTS THE RESONANCE 
PARAMETER L I BR AR Y . 

9. STATLS - ABSTRACT FIRST DISTRIBUTED SEPTEMBER 1969. 

IRM36n VERSION OF SC0RE2 SUBMITTED APRIL 1969, REPLACED 
BY SC0RE3 JUNE 1971. 

10. REFERENCES - C. L. DUNFORD , SCCRE, AN INTERACTIVE CRCSS SECTICN 
EVALUATION SYSTEM, VOLUME I. OPERATORS GUIDE, AI-AFC-12994, 
VOL. 1, MAY 15, 1971. 

0. L. OUNFORD, SCORE, AN INTERACTIVE CROSS SECTION 
EVALUATION SYSTEM, VOLUME II. SYSTEM GUIDE, AI-AEC-12994, VOL. 2, 
JUNE l"̂ , 1971. 

A. HORSLEY, J. B. PARKER, K. PARKER, ANO J. A. PRICE, 
CUBVF FITTING AND STATISTICAL TECHNICUES FCR USE IN THE MECHANIZED 
FVALUATION OF NEUTRON CROSS SECTIONS. NUCLEAR INSTRUMENTS AND 
METHODS. VOL. 62. P. 29. 1968. 

J. M. FRIEDMAN AND M. PLATT, SCISRS, SIGMA CENTER 
INFORMATION STORAGE AND RFTRIEVAL SYSTEM, BNL-885, JULY 1964. 

H. 0. HCNECK, SPECIFICATIONS FOR AN EVALUATED NUCLEAR 
DATA FILE FOR REACTOR APPLICAT ICNS , ENCF/B, ENL-50r66, JULY 1967. 
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1 1 . MACHINE REQUIREMENTS - ieM360 MOCEL 50 OR HIGHER WITH 1 2 5 , 0 0 0 
BYTES OF FAST MEMORY, AN IBM2250 GRAPHICS CONSOLE, MODELS 1 , 2 , 
OR 3 , 2 9-TRACK TAPE CRIVES, AND 1 DISK 

1 2 . PROGRAMMING LANGUAGES USED - FORTRAN I V AND BAL 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTED -
O S / 3 6 0 , VERSION 14 OR HIGHER. 

14 . ANY CTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

1 5 . NAME ANC ESTABLISHMENT OF AUTHOR -
C. L. DUNFORD 
ATOMICS INTERNATIONAL 
P. 0. BOX 309 
CANOGA PARK, CALIFORNIA 9 1 3 0 4 

1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL ( 1 8 F I L E S - 1 TAPE) 
JCL FCR MOVING DATA SETS FROM TRANSMITTAL TAPE ( F I L E 1-84 

CARCS) 
SCURCE DECKS ( F I L E 17) 
LOAD MOOULES ( F I L E 1 8 ) 
LIBRARIES (SCISRS DATA TAPE-FILES 2 - 8 (DADS-FILE 1 4 ) , ENCF/B 

DATA TAPE-FILES 9 - 1 3 (DADS-FILE 1 5 1 , RESONANCE 
PARAMETERS-FILE 16) 

REFERENCE REPORTS A I - A E C - 1 2 9 9 4 , VOLS. 1 AND 2 

17. CATEGCRY - M 
KEYWORDS - CROSS SECTIONS, RESONANCE PARAMETERS, GRAPHS, ENDF/B, 

SCISRS, L IBRARIES, RETRIEVAL, MEASUREMENTS, SAP CODES, 
SCOFF COOES. RAP CODES 



6I<) 

ACC ABSTRACT 3 7 7 0 3 / 7 2 

1 . NAME OR D E S I G N A T I O N OF PROGRAM - S I G P L C T 

2 . COMPLTFP FOR WHICH PROGRAM I S C E S I G N E D AND CTHERS UPON W H I C H 
I T I S O P E R A B L E - C O C 6 6 0 0 

3 . O E S C R I P T I C N OF PROBLEM OP F U N C T I C N - S I G P L O T C A L C U L A T E S THE S C A T 
T E R I N G , C A P T U R E . F I S S I O N . AND TOTAL CRCSS S E C T I C N S FRCM RESCNANCE 
PARAMETERS OF V E R S I O N I DATA FRCM F I L E 2 OF E N D F / B . S C A T T E R I N G 
CROSS S E C T I O N S MAY BF C A L C U L A T E D W I T H OR WITHOUT L E V E L - L E V E L 

I N T E R F E R E N C E . P R O V I S I O N I S ALSO MADE 10 N U M E R I C A L L Y D O P P L E R -
BROADFN ANY CF THE CRCSS S E C T I C N S . 

4 . METHOD OF S O L U T I O N - THE M U L T I L E V E L B R E I T - W I G N E R FORMULA I S 
USEC ( S E E REFERENCE 2 ) . 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF THE PRCBLEM - S I G P L O T CAN HANDLE 
RESCNANCE DATA UP TO A MAXIMUM CF 10 D I F F E R E N T I S O T O P E S W I T H A 
TOTAL NUMBER OF 5 0 0 RESONANCES AND AN L VALUE NOT E X C E E D I N G 5 . 
I T FURTHER ASSUMES THAT THE RESOLVED RESONANCE PARAMETERS ARE 

G I V E N FOR ONE ENERGY RANGE W H I C H IS THE SAME FOR ALL THE I S O T O P E S 
OF AN F L E M E N T . THE MESH P C I N T S AT WHICH THE CRCSS S E C T I O N S ARE 
C A L C U L A T E D CAN BE V A R I E D . S I N C E THE C A L C U L A T E D DATA ARE NOT 
S T O R E D , AN I N C R E A S E I N THE NUMBER OF MESH P O I N T S DOES NOT C O N F L I C T 
W I T H ANY STORAGE R E Q U I R E M E N T S . 

6 . T Y P I C A L R U N N I N G T I M E - C A L C U L A T I O N S OF THE CROSS S E C T I O N S OF MONO-
I S O T O P I C MANGANESF FROM I T S RESONANCE DATA W I T H 2 7 RESONANCES ANO 
W I T H 2 0 MESH P O I N T S BETWEEN THE P O S I T I V E ENERGY R E S O N A N C E , 
R E Q U I R E 1 4 SECONDS ON THE C D C 6 6 0 0 . 

7 . UNUSUAL FEATURES OF T H E PROGRAM -
( A ) I N C A L C U L A T I N G S C A T T E R I N G CRCSS S E C T I O N S W I T H L E V E L - L E V E L 

I N T E R F E R E N C E , RESONANCES ARE GROUPED ACCORCING TO T H E I R 
S P I N S FOR T H E SAME L V A L U E . THUS FOR S-WAVE R E S O N A N C E S , 
FOR E X A M P L E , THE S P I N S ARE 3 AND 4 . I T I S P O S S I B L E THAT 
THERE ARE A NUMBER OF RESONANCES WHOSE S P I N S HAVE NCT BEEN 
M E A S U R E D , AND T H E S E ARE G I V E N AN AVERAGE S P I N OF 3 . 5 . THE 
PROGRAM NORMALLY C A L C U L A T E S S C A T T E R I N G CRCSS S E C T I C N S W I T H 
L E V E L - L E V E L I N T E R F E R E N C E AMONG THE S P I N - 3 GROUP AND THE 
S P I N - 4 G R O U P . C C N T R I B U T I C N S CF THE S P I N - 3 . 5 RESONANCES 
ARE C A L C U L A T E D AS A SUM CF S I N G L E - L E V E L B R E I T - W I G N E R 
T E R M S . I F , HOWEVER, I T I S D E S I R E D TO I N C L U D E THE L E V E L -
LEVEL I N T E R F E R E N C E TERMS AMCNG THESE R E S O N A N C E S , T H I S MAY 
BE I N D I C A T E D ON THE CONTROL C A R D . 

( B ) THE METHOD OF NUMERICAL I N T E G R A T I O N USED TO O O P P L E R -
RROADFN CROSS S E C T I O N S I S VERY GENERAL AND IS C E S I G N E D TO 
T A K E CARE OF S I T U A T I O N S WHERE THE F I N E STRUCTURE OF THE 
CRCSS S E C T I O N I S R A P I D L Y V A R Y I N G . 

8 . R E L A T E D AND A U X I L I A R Y PROGRAMS - S I G P L O T HAS BEEN P A T T E R N E D AFTER 
THE MLBW PROGRAM ( E N E A ABSTRACT 0 7 6 1 W I T H C E R T A I N C O R R E C T I O N S AND 
CHANGES I N THE S U B R O U T I N E S O R D E R , F A C T S , AND S I G M A . 
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9 . STATLS - ABSTRACT F I R S T D I S T P I B U T E D SEPTEMBER 1 9 6 9 . 
C D C 6 6 0 0 V E R S I O N S U B M I T T E D MAY 1 9 6 9 , REPLACED BY R E V I S E D 

V E R S I O N CECEMBER 1 9 7 1 . 
I B M 7 0 9 4 V E R S I O N S U B M I T T E D MAY 1 9 6 9 , D E L E T E D CECEMBER 

1 9 7 1 . 

1 0 . REFERENCES - M. R. B H A T . E N D F / B P R O C E S S I N G COCES FOR THE RESONANCE 
R E G I C N . BNL-5C1296 ( F N D F - 1 4 8 ) . JUNE 1 9 7 1 . 

K. GREGSON. M . F . J A M E S . ANC C . S . N O R T O N . MLBW - A 
M U L T I - L E V E L B R E I T - W I G N E R COMPUTER PROGRAM, A E E W - M 5 1 7 , MARCH 1 9 6 5 . 

1 1 . MACHINE REQUIREMENTS - 3 7 K OCTAL MEMORY 

1 2 . PROGRAMMING LANGUAGE USED - FORTRAN I V 

1 3 . O P E R A T I N G SYSTEM OR MONITOR UNDER WHICH PRCGRAM I S EXECUTEC -
SCOPE 2 . 0 . 

1 4 . ANY OTHER PROGRAMMING OR O P E R A T I N G I N F O R M A T I C N OR R E S T R I C T I O N S -

1 5 . NAME AND E S T A B L I S H M E N T OF AUTHORS -
M. R . BHAT AND 0 . C U L L E N 
N A T I O N A L NEUTRON CRCSS S E C T I O N CENTER 
BROOKHAVEN NAT IONAL LABORATORY 
U P T O N , LONG I S L A N D , NEW YCRK 1 1 0 7 3 

1 6 . M A T E P I A L A V A I L A B L E -
SOURCF DFCK ( 1 0 3 2 CARDS) 
SAMPLE PROBLEM ( 8 0 CARDS) 
REFERENCE R E P O R T , B N L - 5 n 2 9 6 

1 7 . CATEGORY - A 

KEYWORDS - S C A T T E R I N G , C A P T U R E , F I S S I O N , CROSS S E C T I O N S , RESOLVED 
R E G I O N , RESONANCE P A R A M E T E R S . DCPPLER B R O A D E N I N G , MUL
T I L E V E L , B R E I T - W I G N E R FORMULA 
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1 . NAME OR DESIGNATION OF PROGRAM - C ITATION 

2 . COMPUTER FOP WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - IBM360 

3 . DESCRIPTION OF PROBLEM OR FUNCTION - C ITAT ION IS DESIGNED TC SOLVE 
PROBLEMS INVOLVING THE FIN ITE -C IFFERENCE REPRESENTATION OF D I F F U 
SION THEORY TREATING UP TO THREE SPACE CIMENSIONS WITH ARBITRARY 
GROUP-TO-GROUP SCATTERING. X - Y - Z , T H E I A - P - Z , HEXAGCNAL-Z, ANO 
TRIAGCNAL-Z GEOMETRIES MAY BE TREATED. DEPLETION PROBLEMS MAY BE 
SOLVED AND FUFL MANAGED FOR MULTI-CYCLE ANALYSIS . EXTENSIVE 
FIRST-ORCER PERTURBATION PESULTS MAY BE OBTAINED, GIVEN MICRO
SCOPIC DATA AND NUCLIDE CONCENTRATIONS. STATICS PROBLEMS MAY BE 
SOLVED AND PERTURBATION RESULTS OBTAINED WITH MICROSCOPIC DATA. 

4 . METHOn CF SOLUTICN - E X P L I C I T , F IN ITE -C IFFERENCE APPROXIMATIONS 
IN SPACF AND TIME HAVE BEFN IMPLEMENTED. THE NEUTRCN-FLUX-EIGEN-
VALUF PROBLEMS ARE SOLVED BY DIRECT ITERATION TO DETERMINE THE 
MULTIPL ICATION FACTOR CR THE NUCLIDE DENSITIES REQUIRED FOR A C R I 
TICAL SYSTEM. 

5. RFSTRICTICNS CN THE CCMPLEXITY CF THE PROBLEM - C ITATION HAS BEEN 
DFSIGNED TO ATTACK PROBLEMS WHICH CAN BE RUN IN A REASONABLE 
AMOUNT OF T I M E . STORAGE OF CATA IS ALLOCATEC DYNAMICALLY TO GIVE 
THE USER F L E X I B I L I T Y I N DIMENSIONING. TYPICALLY. A F I N I T E -
CIFFERFNCF DIFFUSION PROBLEM COULD HAVE 2C0 DEPLETING ZONES. 
1 0 , 0 0 0 NUCLIDF DENSITIES ANC 3 0 , 0 0 0 SPACE-ENERGY POINT FLUX 
VALLF S. 

A. TYPICAL RUNNING TIME - THE TWO-DIMENSIONAL F IN ITE-D IFFERENCE D I F 
FUSION THEORY EIGENVALUE PROBLEMS ITERAT^ AT A RATE OF ABOUT 0 . 1 
MILLISECOND PER POINT PER ITERATION WITH ALTERNATING-OIRECTICN 
LINE Ri=LAXATION (TWO SWEEPS PER ITERATION) WITH 8-BYTE WORDS ON 
THE 1 B M 3 6 0 / 9 1 ( 0 . 5 CN THE 3 6 C / 7 5 ) . SINCE ABOUT 30 ITERATIONS 
APE RFQUIRED FOR EACH SUCCEEDING EIGENVALUE PROBLEM, MACHINE TIME 
FOR A OEPLFTION PROBLEM IS ABOUT . 3 0 3 SECOND PER POINT PER T I M E -
STEP. MACHINE TIME FOR MOST AUXIL IARY CALCULATICNS IS USUALLY 
I N S I G N I F I C A N T . FOR A REPRESENTATIVE FAST BREEDER DEPLETION PROB
LEM, 68 PERCENT OF THE MACHINE CPU TIME IS SPENT IN SOLVING 
EIGENVALUF PROBLEMS. 

7. UNUSUAL FEATURES CF THE PROGRAM - C ITATION IS CONSIDERED UNUSUAL 
IN THAT IT SHOULD BE RELATIVELY EASY TC MCDIFY THE CONTENTS OR TO 
ACC ROUTINES. EFFECTIVE TECHNICUES ARE INCORPORATED TO DETERMINE 
A C R I T I C A L SYSTFM. MORE THAN CNE SET CF MICROSCOPIC CROSS SEC
TIONS MAY BE USFD IN A SYSTEM AND NUCLIDE BEHAVIOR CAN BE FOLLOWED 
ON A SUB-ZONE SCALE WITHIN CEPLETION REGIONS. THE USER HAS F L E X I 
RLE CONTROL OVER THE ROUTE OF A CALCULATION AS WELL AS OF THE ECIT 
CF RESULTS. 

? . RELATED ANO AUXIL IARY PRCGRAMS - THE MICROSCOPIC CRCSS SECTION 
TAPE FOR THIS PROGRAM MAY RE GENERATED BY VARIOUS CCDES, BUT XSDRN 
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8 . RELATED ANO AUXILIARY PROGRAMS (CONTINLED) 
(ACC ABSTRACT 393 1 IS DESIGNED SPECIFICALLY FOR THIS PURPOSE. 
THE MICROSCOPIC CROSS SECTICN ROUTINES, FCRMERLY AN AUXILIARY 
PROGRAM, WERE INTEGRATED INTO THE CODE TO PERMIT SUCH OATA TO 
BE SUPPLIED FROM CARDS OR MODIFIED IN THE SAME RUN AS A PROBLEM 
I S SOLVED. 

9 . STATUS - ABSTRACT FIRST DISTRIBUTED HAY 1 9 7 0 . 
IBM360 VERSION SUBMITTEC JULY 1 9 6 9 , REVISED JANUARY 1970, 

2ND REVISION APRIL 1 9 7 0 , 3RD REVISION NOVEMBER 1 9 7 1 . 

1 0 . REFERENCES - T. B. FOWLER AND D. R. VONDY, NUCLEAR REACTOR CORE 
ANALYSIS CODE CITATION, ORNL-TM-2496 , REVISION 2 . JULY 1 9 7 1 . ANO 
SUPPLEMENT 1 . OCTOBER 1 9 7 1 . 

N. M. GREENE ANC 0 . W. CRAVEN. J R . . XSDRN. A DISCRETE 
ORDINATES SPECTRAL AVERAGING CODE. ORNL-TM-2 5 0 0 . JULY 1 9 6 9 . 

1 1 . MACHINE REQUIREMENTS - I B M 3 6 0 / 9 1 OR EQUIVALENT WITH AT LEAST 
128.OCO 4-BYTE WORDS OF DIRECTLY-ADDRESSABLE CORE STORAGE. 7 TO 32 
1 /0 DEVICES DEPENDING UPON THE CALCULATICN. EXCLUCING INPUT AND 
OUTPUT DEVICES AND SYSTEM REQUIREMENTS. 

1 2 . PROGRAMMING LANGUAGE USEC - FORTRAN IV 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
O S / 3 6 0 . 

14. ANY OTHER PROGRAMMING CR OPERATING INFORMATICN OR RESTRICTIONS -
NOW CITATION CONTAINS ABOUT 2 5 . 0 0 0 SOURCE STATEMENTS. WITHCUT 
OVERLAY, STORAGE FOR THE CCCE INSTRUCTIONS WOULD APPROACH 150.000 
4-BYTF WORDS. BUT WITH OVERLAY THE STORAGE REQUIREMENT IS ABOUT 
4 3 , 0 0 0 FCR THE PROGRAM AND FIXED STORAGE, INCLUDING 1 0 , 0 0 0 FOR 
SYSTEM LIBRARY ROUTINES. 

15. NAME AND ESTABLISHMENT CF AUTHORS -
T. B. FOWLER, D. R. VCNDY, AND G. W. CUNNINGHAM 
OAK RIDGE NATIONAL LABORATORY 
P. C. BCX Y 
OAK RIDGE, TENNESSEE 37830 

16. MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SCURCE DECK (27,706 CARDS) 
SAMPLF PROBLEM (849 CARDS) 
REFERENCE REPORT, ORNL-TM-2496, REV.2 ANO SUPPLEMENT 1 

17. CATEGORY - K 
KEYWCRDS - 1-DIMENSlONAL, 2-CIMENSlONAL, 3-D IMENS lONAL, MULTI -

GROUP, D IFFUSION, CRIT ICALITY SEARCHES, BUCKLING, 
X - Y - Z , R-THETA, HEXAGONAL, XSDRN CODES 
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1. NAMF OR DESIGNATION OF PROGRAM - ET0X2 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED ANO O T H E P S UPON WHICH 
IT IS OPERABLE - UNIVACllOB 

3. DESCRIPTION CF PROBLEM OP FUNCTION - ET0X2 (ENDF/B TO 1DXI CALCU
LATES MULTIGRCUP CONSTANTS FOP NUCLEAR REACTOR CALCULATIONS USING 
DATA FROM THE EVALUATED NUCLEAR DATA FILE (ENDF/B) VERSION II 
FORMAT. IT CAN ALSO PROCESS VERSION I MATERIALS THAT DC NOT CALL 
FOR PARTIAL ENERGY DISTRIBUTION LAWS 1, 2, 4, 6, OR 8 (SEE ENDF/B, 
FILE 5 ) . THE COOE IS DESIGNED TO COMPUTE AND PUNCH -

(A) INFINITE DILUTE CROSS SECTIONS, 
(8) TEMPERATURE DEPENDENT SELF-SHIELDING FACTORS FOR ARBITRARY 

VALUES OF MICROSCOPIC SIGMAO (TOTAL CROSS SECTION PER 
ATCM) IN THF RUSSIAN (BONDARENKO) FORMAT, AND 

(0) INELASTIC SCATTERING PROBABILITY MATRICES. 

4. METHOD CF SOLUTION - MICROSCOPIC CROSS SECTION VALUES ARE CON
STRUCTED AS SPECIFIED BY THE ENDF/B. GROUP CONSTANTS ARE OBTAINED 
BY INTEGRATING THE MICROSCOPIC DATA OVER GROUP INTERVALS USING THE 
FLUX WEIGHTING SCHEME 
P H K U ) IS PROPORTIONAL TC 1/SIGMAT(U), S IGMAT ( U ) =N ( J ) •MICRCSOP IC 
SIGMAT(J)+N(J)*MICROSCOP 10 SIGMAO. 
INTEGRATION METHODS USEC INCLUDE ROMBERG. GAUSSIAN QUADRATURE. N-
POINT. SIMPSON AND TRAPEZOIDAL. THE CODE ALLOWS AS INPUT ARBI
TRARY SETS OF VALUES OF GROUP ENERGIES, TEMPERATURES, AND MICRO
SCOPIC SIGMAO,S. 

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM -

6. TYPICAL RUNNING TIME - 26-GRCUP OATA FCR A REPRESENTATIVE SET CF 
14 ISOTOPES REQUIRES ABOUT 28 MINUTES. 

7. UNUSUAL FEATURES OF THE PROGRAM -

8. RELATED AND AUXILIARY PRCGRAMS - WLIfi IS A SHORT PROGRAM INCLUDED 
WITH FT0X2. IT CREATES A TABLE CF COMPLEX INTEGRALS USEC BY 
ET0X2. ET0X2 REQUIRES THE ENOF/B TAPE IN STANDARD ARRANGEMENT 
BINARY MCDE. SINCE THE ENCF/B TAPES DO NOT NORMALLY COME IN THIS 
MODE, THEY MUST BE PROCESSED BY THE DAMMET CODE (ACC ABSTRACTS 384 
AND 475) PRIOR TO USING THEM WITH ET0X2. THE FORMAT OF THE ET0X2 
OUTPUT IS COMPATIBLE FCR INPUT TC THE COMPUTER COCE IDX (ACC 
ABSTRACT 3 7 4 ) , A MULTIPURPOSE DIFFUSICN CCDE FCR GENERATING CRCSS 
SECTIONS TO BE USED IN FAST REACTOR ANALYSIS. 

9. STATUS - ABSTRACT FIRST DISTRIBUTED MAY 1970. 
UNIVACllOB VERSION OF ETOX SUBMITTED JULY 1969, REVISED 

APRIL 1970, DELETED DECEMBER 1970. 
UNIVACllOB VERSION CF ET0X2 SUBMITTED DECEMBER 1970. 

10. REFERENCES - R. E. SCHENTER, J. L. BAKER, AND R. E. KIDMAN, ETOX, 
A COOE TO CALCULATE GROUP CONSTANTS FOR NUCLEAR REACTOR CALCULA-
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1 0 . REFERENCES (CONTINUFD) 
T IONS, BNWL-1002, MAY 1 9 6 9 . 

R. B. KICMAN, ETOX-2 OPERATING INSTRUCTIONS AND CARD 
INPUT INSTRUCTIONS, WADCO NOTE. 

H. C . HONECK. ENDF/B. SPECIFICATION FOR AN EVALUATED 
NUCLEAR DATA FILE FCR REACTCR APPLICATIONS. B N L - 5 0 0 6 6 . MAY 1966, 
REVISED JULY 1 9 6 7 . 

B. W. HARDIE ANC W. W. L I T T L E , J R . , I D X , A ONE-
DIMENSIONAL DIFFUSICN CODE FCR GENERATING EFFECTIVE NUCLEAR CROSS 
SECTICNS, BNWL-954, MARCH 1 9 6 9 . 

I . I . BONDARENKO ( E C I T O R ) , GROUP CONSTANTS FOR 
NUCLEAR REACTOR CALCULATIONS, CONSULTANTS BUREAU, NEW YCRK, 1964 . 

W. ROMBERG. VEREINFACHTE NUMERISCHE INTEGRATION, DET. 
KONG. NORSKE VIDENSKABER SELSKAB FCRHANCLINGER. BANC 2 8 , NR. 7 , 
1 9 5 5 . 

M. ALBPAMCWITZ ANC I . A . STEGUN ( E D I T O R S ) , HANDBOOK 
OF MATHEMATICAL FUNCTIONS. DCVER PUBLICATIONS, I N C . . P. 9 1 6 . 1965. 

D. M. OSHEA. 8 . J . TOPPEL. AND A. L. RAGO. M C * * 2 , A 
CODE TO CALCULATE MULTIGROUP CRCSS SECTIONS. A N L - 7 3 1 8 . JUNE 1967. 

R. B. KIDMAN AND R. E. SCHENTER, GROUP CONSTANTS FOR 
FAST REACTOR CALCULATIONS, H E D L - T M E - 7 1 - 3 6 , MARCH 1 9 7 1 . 

1 1 . MACHINE REQUIREMENTS - 65K MEMCRY, 5 TAPE UNITS (3 CF WHICH ARE 
SCRATCH TAPES). ANO RANDOM ACCESS DRUM STORAGE 

1 2 . PROGRAMMING LANGUAGE USED - FORTRAN IV 

1 3 . OPERATING SYSTEM CR MONITOR UNCER WHIOF PROGRAM IS EXECUTED -

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
ET0X2 USES RANDOM DRUM STORAGE TO MAKE MAXIMUM USE OF CORE. THE 
TAPE OF COMPLEX INTEGRALS PREPARED BY WLIB SHOULD BE MOUNTED AS 
LCGICAL UNIT 9 . THE ENDF/B TAPE IN STANDARD ARRANGEMENT BINARY 
MODE SHOULD BE MOUNTED AS LCGICAL UNIT 1 2 . 

1 5 . NAME AND ESTABLISHMENT OF AUTHOR -
R. B. KIDMAN 
HANFORD ENGINEERING DEVELOPMENT LABORATORY 
WADCO 
P. 0. BCX 1970 
RICHLAND. WASHINGTON 99352 

16. MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SCURCE DECKS (ET0X2 4772 CARDS, WLIB 205 CARDS) 
SAMPLE PROBLEM (ET0X2 9 CARCS) 
SAMPLE PROBLEM OUTPUT (ET0X2 240 CARDS) 
REFERENCE REPORT BNWL-1002, ANO WADCO NOTE 

17. CATEGORY - B 

KEYWCRDS - GRCUP CONSTANTS, INELASTIC SCATTERING, FAST REACTORS, 
TEMPERATURE, INPUT DATA, ENDF/B, IDX CODES, WLIB COOES, 
CAMMET CODES 
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1 . NAME OR DESIGNATION OF PROGRAM - ST INT3 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - 0 0 0 6 6 0 0 

3 . DESCRIPTION OF PROBLEM OR FUNCTION - ST INT3 SOLVES STATIC ( E I G E N 
VALUE) AND TIME-DEPENDENT SYSTEMS OF COUPLED, ONE-DIMENSIONAL, 
DIFFUSION TYPE EQUATIONS I N SLAB GEOMETRY AND IS PRIMARILY 
INTENDED FOR SOLVING SINGLE-CHANNEL, FLUX-SYNTHESIS EQUATIONS. 
THE CODE PROVIDES FOR CONTROL ROD MOTION AND TEMPBRATJRE FEEDBAC<. 

4 . METHOD OF SOLUTION - THE SYSTEM OF DIFFERENCE EQUATIONS I S SOLVED 
BY THE FORWARD-ELIMINATION, BACKWARD-SUBSTITUTION METHOD. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA OF -
6 EQUATIONS (GROUPS • MODES) 

50 AXIAL MESH INTERVALS 
6 DELAYED NEUTRON GROUPS 

40 CONTROL ROD AND TEMPERATURE FEEDBACK CHANNELS 

5 . TYPICAL RUNNING TIME - 3 SECONDS PER TIME-STEP ARE REQUIRED FOR 
THE LARGEST POSSIBLE PROBLEM. 

7 . UNUSUAL FEATURES OF THE PROGRAM -
(A) EVERY TRANSIENT CALCULATION IS AUTOMATICALLY PRECEDED BY 

AN EIGENVALUE PROBLEM TO ESTABLISH CRITICAL I N I T I A L CONDI
T IONS. THE CRITICAL POWER D ISTRIBUT I3N IS USEO TO CALCU
LATE AN I N I T I A L TEMPERATURE D I S T R I B J T I O N . 

(B) THE CODE CALCULATES THERMAL FEEDBACK USING A SIMPLE OPEN-
LOOP THERMALHYDRAULIC MODEL. 

( C ) STINT3 CAN ALSO BE USED FOR ONE-D»MENSIONAL, FEW-GROJP 
TRANSIENT CALCULATIONS. 

8 . RELATED ANO AUXILIARY PROGRAMS -

9 . STATUS - ABSTRACT FIRST DISTRIBUTED MAY 1 9 7 0 . 
CDC6600 VERSION SUBMITTED JULY 1 9 6 9 . 

1 0 . REFERENCE - C. H. ADAMS, R. A. RYDIN , AND W. M. STACEY, J R . , 
STINT - SINGLE-CHANNEL, SPACE-TIME SYNTHESIS CODES FOR M U L T I D I 
MENSIONAL NEUTRON DIFFUSION PROBLEMS, K A P L - 3 4 4 9 , MAY 1 9 6 9 . 

1 1 . MACHINE REQUIREMENTS - 64K MEMORY 

1 2 . PROGRAMMING LANGUAGE USED - FORTRAN IV 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
SCOPE 3 . 1 . 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
STINT3 SOLVES THE SYNTHESIS EQUATIONS ONLY. THE TASK OF GENERAT
ING THE SYNTHESIS EXPANSION FUNCTIONS AND PERFORMING THE REQJIRED 
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1. NAME OR DESIGNATION OF PROGRAM - FARED 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - C0C6600 

3. DESCRIPTION OF PROBLEM OR FUNCTION - FARED CONTAINS AN INTERNAL 
CROSS SECTION AVERAGING ROUTINE WHICH IS RESPONSIBLE FOR PREPARING 
BROAD GROUP CROSS SECTION SETS FOR VARIOUS MATERIAL REGIONS OF THE 
REACTOR. THE CROSS SECTION AVERAGING IS PERFORMED IN PROGRAM 
RFGA, WHICH COMPUTES A Bl FLUX AND CURRENT IN UP TC 20 REACTOR 
BLOCK CCMPOSITIONS FOR USE AS WEIGHTING FUNCTIONS IN THE CROSS 
SECTION COLLAPSING CALCULATICN. A HOMOGENEOUS OR HETEROGENEOUS 
RESOLVED ANO UNRESOLVED RESONANCE TREATMENT IS PROVIDED TO COMPUTE 
EFFECTIVF MICROGROUP RESONANCE CROSS SECTIONS FOR THE BLOCK MIX
TURE OR LP TO 2 CELL TYPES PER BLOCK. REAL ANC ACJOINT FLUX DIS
TRIBUTIONS ARF CALCULATED FOR ONE-01 MENSIONAL SLAB, CYLINDRICAL, 
CR SPHERICAL GEOMETRIES. THE REAL FLUXES ARE NORMALIZED TO YIELD 
DESIRED TOTAL REACTCR PCWFR. CRITICALITY SEARCHES MAY BE PER
FORMED ON THE REACTOR DIMENSION, TRANSVERSE BUCKLING CR ZONE COM
POSITIONS. ENRICHMENT SEARCHES MAY BE PERFORMED TO YIELD DESIRED 
RATIOS OF MAXIMUM (OR AVERAGE) PCWER DENSITIES IN SEVERAL ZONES. 
ZONEWISE DEPLETION IS CALCULATED EITHER FOR A GIVEN TIME PERIOD 
OR UNTIL SPFCIFIED CRITICALITY, BURNUP CR NUCLIDE CONCENTRATIONS 
ARE SATISFIED. FLEXIBLE FUEL MANAGEMENT IS AVAILABLE PERMITTING 
SPECIFIEC MATERIAL UNITS TO BE MOVED INTO, OUT OF OR SHUFFLED 
WITHIN THE REACTOR. A WIDE VARIETY OF EDITS MAY BE PERFORMED, 
INCLUDING PERTURBATION AND KINETIC PARAMETERS CALCULATICNS. 

4. METHCD OF SOLUTION - THE PROCEDURE FOR COMPUTING BROAD GROUP 
MICROSCOPIC CROSS SFCTIONS IS SIMILAR TC THAT USEC IN THE GAM CODE 
(ACC ARSTRACT 33). FOR EACH HCMOGENEOUS 'BLOCK COMPCSITION, REGA 
PERFORMS A Bl COMPUTATION FCR THE FLUX AND CURRENT IN EACH MICRO-
GROUP ANO USES THESE AS WEIGHTING FUNCTIONS TO FORM MICROSCOPIC 
CROSS SECTION SETS FOR THE BROAD GROUP STRUCTURE SPECIFIED BY THE 
USER. FCR RESCNANCE NUCLICES, EFFECTIVE RESONANCE CAPTURE AND 
FISSION CROSS SECTION CONTRIBUTIONS ARE CCMPUTEO IN THE UNRESOLVED 
RESCNANCE RANGE IN A MANNER SIMILAR TO THAT USEO IN THE GANDY CODE 
(ACC ABSTRACT 341). A STATISTICAL AVERAGING OVER CHI-SQUARED DIS
TRIBUTION IS USED BUT INTERFERENCE SCATTERING IS IGNORED. AVERAG
ING OVER THE OISTRIBUTICN IS PERFORMED USING THE QUADRATURE SCHEME 
INTRODUCED RY GREEBLER AND HUTCHINS. THE STRIP ROUTINE IN FARED 
IS RESPONSIBLE FOR THE CALCULATION OF EFFECTIVE RESONANCE CRCSS 
SFCTIONS IN THE RESOLVED RESCNANCE RANGE. A MULTIGROUP COLLISION 
PROBABILITY PROCEDURE IS USED TC COMPUTE THE AVERAGE FLUX IN THE 
LUMP OR MIXTURE FOR EACH GROUP IN AN ULTRAFINE GROUP MESH WHICH 
SPANS THF ENTIRE RESOLVED RESCNANCE RANGE. THE BOUNDARY FOR EACH 
ULTRAFINE GROUP IS COMPUTED BY STRIP AS THE CALCULATICN PROCEEDS 
DOWN THE ENERGY RANGE. THE CALCULATION BEGINS AT THE HIGHEST 
ENERGY PEAK, ALL RESONANCE NUCLIDES CONSIDERED. NOTE THAT THIS 
PROCEDURE ACCOUNTS FOR OVERLAP AND INTERFERENCE EFFECTS. THE REAL 
AND ADJCINT DIFFUSION ECUATICNS ARE SOLVED BY A STANDARD FISSION 
SOURCE ITERATION PROCEDURE. A STARTING FISSICN SCURCE CISTRIBU-
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4. METHCD CF SCLUTION (CCNTINUECI 
T I O N I S P R O V I D E D BY THE U S E R . AFTER EACH I T E R A T I O N THE NEW F I S 
S I O N SOURCE D I S T R I B U T I O N I S N O R M A L I Z E D TO U N I T Y . THE D E P L E T I O N 
E Q U A T I O N S ARF SOLVED RY A SECCNC-CRDEB A P P R C X I M A T I C N FOR EACH OF 
A S E R I E S OF S P E C I F I E D MINOR T I M E - S T E P S . THE POWER O I S T R I B U T I C N IS 
ASSUMFO CCNSTANT CURING EACH MINOR T I M E - S T E P AND THE FLUXES ARE 
R E N O R M A L I Z F D AT THE END CF EACH OF THESE I N T E R V A L S . T H E FLUX D I S 
T R I B U T I O N S ARE THEN RECALCULATED AT THE END OF THE S E R I E S OF MINOR 
T i M F - S T E P S . ALL C R I T I C A L I T Y SEARCHES EMPLOY THE SAME GENERAL 
ALGORITHM FOR U N I F O R M I T Y I N THE I T E R A T I V E P R O C E D U R E . 

5 . R F S T R I C T I C N S ON THE C O M P L E X I T Y CF THE PROBLEM - MAXIMA OF -

i m MICROGROUPS 
30 KULTIGROUPS 
15 OOWNSCATTERING GROUPS 

1 5 0 MESH P O I N T S 
1 4 9 MFSH I N T E R V A L S 
1 4 9 MESH I N T E R V A L S PER ZONE 

5 0 UNIQUE N U C L I D E S 
2 0 ZCNES 
20 BLOCKS 

100 ZONE MATERIALS 
40 CELLS 
3 " N U C L I D E S PER BLOCK 
2 0 ZONES PER BLOCK 

2 C E L L S PER BLOCK 
30 NUCL I D E S I N A C H A I N 

5 0 0 RESONANCE PEAKS PER N U C L I D E 
15 N U C L I D E S PER CELL C C M P C S I T I C N 
30 N U C L I D E S PER BLOCK C O M P O S I T I O N 

7 RESCNANCE N U C L I C E S PER BLOCK 
3 C 0 0 STORAGE L O C A T I C N S FCR BULK M A T E R I A L CATA 

6 . T Y P I C A L RUNNING T I M E - A D E T A I L E D D E P L E T I O N - F U E L MANAGEMENT PROB
LEM FOR A 1 0 0 0 MWE LMFBR CORE CYCLE R E Q U I R E S ABOUT 2 0 M I N U T E S ON 
A C 0 C 6 6 0 0 . 

7 . UNUSUAL FEATURES OF THE PRCGPAM - THE FARED CODE IS A T O T A L L Y 
INTEGRATED FAST REACTOR D E S I G N PACKAGE. I T I S D E S I G N E D FOR FAST 
AND ACCURATE C N E - D I M E N S I O N A L P H Y S I C S C E S I G N AND SURVEY S T U D I E S 
W I T H A STRONG EMPHASIS CN INPUT S I M P L I C I T Y . THE F O L L O W I N G ARE 
SOME OF THE S P E C I A L FEATURES OF THE PRCGRAM -

( A ) THE USER I S P E R M I T T E D TWO RESONANCE C E L L S PER BLOCK TC 
T R E A T , FOR E X A M P L E , A RESONANCE CONTROL M A T E R I A L AS WELL 
AS A FUEL LUMP C O N T A I N I N G RESCNANCE N U C L I D E S . 

( B ) THE M I C R O S C O P I C CROSS S E C T I O N S MAY BE R E C A L C U L A T E D AT ANY 
T I M E TO ACCOUNT FOR C O M P O S I T I O N CHANGES D U R I N G C E P L E T I O N . 

( C ) D E P L E T I O N CHAINS ARE CCNSTRUCTEC BY THE USER AND N U C L I D E 
L I S T S ARE EXPANDED TO I N C L U D E ALL N U C L I D E S I N T H E C H A I N 
W H I C H ARE PRODUCED D U R I N G D E P L E T I O N . 

( 0 ) THE B R E E D I N G AND C O N V E R S I O N R A T I O S ARE A U T O M A T I C A L L Y D E 
F I N E D BY S P E C I F Y I N G C E R T A I N N U C L I D E S AS F I S S I L E I N THE 
C E P L E T I O N C H A I N . 
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7. UNUSUAL FEATURES OF THE PROGRAM (CONTINUED) 
(E) POWER DENSITY SEARCHES ARE AVAILABLE WHICH ADJUST MATERIAL 

COMPOSITIONS TO ACHIEVE THE DESIRED SYSTEM EIGENVALUE 
ANC SPECIFIED RATIOS OF MAXIMUM (OR AVERAGE) POWER DENSI
TIES IN GIVEN SEARCH ZCNES. 

(F) NUCLIDE DEPLETION INCLUDES DESTRUCTION EY (N,ALPHA) AND 
(N,P) REACTIONS ANC PROCUCTION BY (N,2N). 

(G) THE LENGTH OF A DEPLETION SEQUENCE MAY BE CETERMINEC BY 
THE MAXIMUM ALLOWABLE BURNUP OF CERTAIN MATERIAL UNITS, 
A MINIMUM ALLOWABLE CONCENTRATION OF CERTAIN NUCLIDES, OR 
A MINIMUM EIGENVALLE. 

(H) A WIDE VARIETY OF EDITS ARE AVAILABLE INCLUDING EXTENSIVE 
PFRTUPBATION EDITS AND THE CALCULATICN OF BETA-EFFECTIVE, 
PROMPT NEUTRON LIFETIME AND PROMPT AND DELAYED NEUTRON 
WORTHS. 

(I) THE USE OF FREE FORMAT INPUT DIRECTIVES ALLCWS THE LSER 
GREAT FLEXIBILITY IN SPECIFYING DATA ANC CONSTRUCTING 
SEQUENCES OF CALCULATICNS AND EDITS. 

8. RELATED AND AUXILIARY PRCGRAMS - RETAP PREPARES A MICROGROUP 
LIBRARY FOR USE BY FARED. THE LIBRARY TAPE GENERATED BY THIS PRO
GRAM CONTAINS THE FOLLOWING SEVEN DATA FILES -

( 1) MICROGROUP ENERGIES 
(21 CEPLETION CHAIN DESCRIPTIONS 
(3) RESOLVED RESCNANCE CATA 
(4) UNRESOLVED RESONANCE OATA 
(5) SMOOTH CROSS SECTIONS AND MATRICES 
(6) FISSION SPECTRA 
(7) DEPLETION, FISSICN PRODUCT AND DELAYED NEUTRON DATA. 

AN UPDATE MAY BE PERFORMED CN AN EXISTING LIBRARY TO ADD OR 
CHANGE NUCLIDE DATA FOR ANY FILE. 

9. STATLS a ABSTRACT FIRST DISTRIBUTED C E O E M ' B E R 1970. 
CDC 6 6 0 0 VERSION SUBMITTED DECEMBER 1969, REPLACED BY 

REVISED VERSION JANUARY 1971. 

IP. REFERENCE - 0. H. R O Y , J. M. TILFORD, A. Z. LIVOLSI, P. N . OOLPO, 
C . D . CARMICHAEL, AND J. A. JACOBSEN, FAST BREEDER REACTOR STATIC 
PHYSICS METHCDS DEVELOPMENT AND ANALYSIS PROJECT, VOLUME 1 - FARED 
ONE-DIMENSIONAL FAST REACTOR PHYSICS DESIGN AND ANALYSIS CODE, 
BAW-3867-9, V O L . 1, REV. 1, CECEMBER 1970. 

11. MACHINE REQUIREMENTS - 45,000 (DECIMAL) CORE STORAGE ANC 16 TAPE 
DRIVES OR DISTINCT CISC FILES PLUS I/O 

12. PROGRAMMING LANGUAGES USED - FCRTRAN IV ANC COMPASS 

13. OPERATING SYSTEM CR MONITOR UNCER WHICH PROGRAM IS EXECUTED -
SCOPE 3. 

14. ANY OTHER PROGRAMMING CR OPERATING INFORMATION OR RESTRICTIONS -
THE TWO COMPASS MACHINE LANGUAGE ROUTINES ARE DESCRIBED IN THE 
REFERENCE ANC ARE EASILY CONVERTIBLE TC ANOTHER MACHINE LAN-
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14. ANY OTHER INFORMATION OR RESTRICTIONS (CCNTINUECI 
GUAGE. PROVISION IS MADE FOR VARYING THE NUMBER OF CHARACTERS PER 
WORD IN THE PRCGRAM. FAREC IS IN OVERLAY STRUCTURE WITH THREE 
PRIMARY OVERLAYS AND FIFTEEN SECONDARY OVERLAYS. 

15. NAMF AND ESTABLISHMENT OF AUTHCRS -
D. H. ROY, J. M. TILFORD, AND A. Z. LIVOLSI 
METHODS DEVELOPMENT SECTION 
P. N. CCLPC, C. 0. CARMICHAEL, ANC J. A. JACOBSEN 
COMPUTER CENTER 
BABCOCK ANO WILCOX 
POWER GENERATION DIVISION 
NUCLEAR POWER GENERATION DEPARTMENT 
P. 0. BOX 1260 
L Y N C H B U R G , V I R G I N I A 2 4 5 0 5 

1 6 . MATERIAL A V A I L A B L E - M A G N E T I C TAPE T R A N S M I T T A L ( 2 T A P E S ) 
SCUPCE DECKS (FARE C 1 6 , 0 1 1 C A R D S , RETAP 4 1 2 5 C A R C S ) 
SAMPLF PRORLEMS ( F A R E D 1 1 6 C A R D S , RETAP 1 8 , 2 0 3 C A R C S ) 
SAMPLE PROBLEM OUTPUT ( F A R E O - 1 8 3 S E L E C T E D P A G E S . RETAP L IBRARY 

G E N E R A T I C N - 1 9 S E L E C T E C P A G E S . RETAP 
E D I T - 1 7 2 SELECTED P A G E S ) 

RFFERENCE REPCRT 

1 7 . CATEGORY - D 
KEYWORDS - CRCSS S E C T I O N S , AVERAGES, FLUX D I S T R I B U T I O N , 1 - D I M E N 

S I O N A L , S L A B S , C Y L I N D E R S , S P H E R E S , C R I T I C A L I T Y 
SEARCHES, C E P L E T I O N , P E R T U R B A T I O N , R E A C T I C N R A T E S , 
RETAP COCES 
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1. NAME OR CESIGNATION OF PROGRAM - C0BRA3 

2. COMPUTER FOR WHICH PROGRAM IS CESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - UNIVACllOB, IBM360 

3. OESCRIPTICN OF PRCBLEM OP FUNCTION - CCBRA3 CALCULATES THE 
STEACY-STATE AND TRANSIENT FLOW, ENTHALPY AND PRESSURE CROP IN 
THE SUBCHANNELS OF ROD BUNDLE NUCLEAR FUEL ELEMENTS DURING BOTH 
BOILING AND NONBOILING CONDITICNS. THE PROGRAM USES A MATHEMAT
ICAL MODEL THAT INCLUDES THE EFFECTS OF TURBULENT AND DIVERSION 
CRCSSFLCW MIXING BETWEEN THE SUBCHANNELS. 

4. METHOD OF SOLUTION - THE MATHEMATICAL MODELS EQUATIONS ARE 
SOLVED AS A BOUNDARY-VALUE PROBLEM BY USING FINITE DIFFERENCES 
WHERF THE BOUNDARY CONDITIONS ARE THE INLET ENTHALPY, INLET 
FLOW AND EXIT PRESSURE. THE SOLUTION MUST RELY UPON INPUT CCR-
RFLATICNS TO SPECIFY THE TURBULENT CROSSFLOW MIXING AND THE 
SUBCHANNEL PRESSURE GRADIENT DURING BOTH STEADY STATE AND 
TRANSIENTS. 

5. RESTRICTIONS UPON THE CCMPLEXITY OF THE PROBLEM - ADJUSTABLE 
DIMENSIONS ARE INCLUDED TO ALLOW THE USER TO EXPAND OR CONTRACT 
THE SIZE CF THE PROGRAM TO ACCOMMODATE HIS COMPUTER STORAGE 
CAPABILITY. THE PROGRAM HAS PERFORMED SUCCESSFULLY WITH 36 
SUBCHANNELS, ?5 FUEL RODS AND 60 SUBCHANNEL CONNECTIONS. 

6. TYPICAL RUNNING TIME - ON A UNIVACllOB ABCUT 50 SECONCS ARE 
REQUIRED FOR 20 TIME-STEPS, 30 AXIAL NODES, AND 9 SUBCHANNELS. 
ON AN IBM360/75 THE SAMPLF PRCBLEM EXECUTES IN ABOUT A MINUTE AND 
A HALF. 

7. UNLSUAL FEATURES CF THE FRCGPAM - CCBRA3 IS A RATHER GENERAL 
PROGRAM WHICH CAN BE USED FOR THERMAL-HYDRAULIC ANALYSIS CF 
ALMOST ANY ROC BUNDLE FUEL ELEMENT CONFIGURATION. IT CAN CONSIDER 
DISTORTED BUNDLES RY USING VARIABLE SUBCHANNEL AREA AND GAP 
SPACING. IT CAN CONSIDER ARBITRARY AXIAL, RADIAL ANO CIRCUMFER
ENTIAL PCWFR DISTRIBUTION. 

8. RELATED AND AUXILIARY PROGRAMS - COBRA? IS AN IMPROVED VERSICN 
OF THF CORRA ANC C0BRA2 PROGRAMS. 

9. STATUS - ABSTRACT FIRST DISTRIBUTED DECEMBER 1970. 
UNIVACllOB VERSION OF C06RA2 SUBMITTED DECEMBER 1970, 

REPLACED BY C0BRA3 IN JUNE 1971. 
IBM360 VERSION OF C0BRA2 SUBMITTED FEBRUARY 1970, 

REPLACED BY C0BRA3 IN SEPTEMBER 1971. SAMPLE PROBLEM 
EXECUTED BY ACC. 

1 0 . RFFERENCE - C. S . RCWE. C O B R A - I I I . A DIGITAL COMPUTER PROGRAM FOR 
STFAOY-STATE AND TRANSIENT THERMAL-HYDRAULIC SUBCHANNEL ANALYSIS 
CF ROC BUNDLE NUCLEAR FUEL ELEMENTS. B N W L - 6 - 8 2 . JULY 1 9 7 1 . 
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1 1 . MACHINE REQUIREMENTS - 32K MEMORY 

1 2 . PROGRAMMING LANGUAGF USED - FCRTRAN IV 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
CSCX ( U N I V A C l l O B ) , CS/360 ( I B M 3 6 0 ) . 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
C0BRA3 IS STILL UNDER DEVELOPMENT. THIS INTERIM VERSION IS 
BEING MACE AVAILABLE TO EXPEDITE ITS USE BY THE NUCLEAR 
INDUSTRY. THE COOE SHOULD BE USED WITH DISCRETION ANO WITH FULL 
UNDERSTANDING OF ITS PRESENT L I M I T A T I O N S . 

15. NAME AND ESTABLISHMENT OF AUTHCR -
1108 D. S . RCWE 

BATTELLE-NORTHWEST 
P. 0 . BOX 999 
RICHLAND, WASHINGTON 99352 

360 A. PADILLA AND W. MARR 
ARGCNNE NATIONAL LABORATORY 
9700 SCUTH CASS AVENUE 
ARGONNE, I L L I N O I S 60439 

16 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECKS ( 1 1 0 8 - 1 6 0 1 CARDS, 3 6 0 - 1 8 7 2 CARDS) 
SAMPLE PROBLEMS ( 1 1 0 8 - 6 8 CARCS. 3 6 0 - 7 0 CARDS) 
SAMPLF PROBLEM OUTPUT ( 1 1 C 8 - 1 3 PAGES. 3 6 0 - 1 3 PAGES) 
REFERENCE REPORT 

1 7 . CATEGORY - H 
KEYWORDS - THERMODYNAMICS, FLUID FLOW. FUEL ELEMENTS. LIQUIDS, 

VAPORS, ENTHALPY, PRESSURE, COBRA CODES 
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1 . NAME OR D E S I G N A T I O N OF PROGRAM - C C N T E M P T - P S 

2 . COMPUTER FCR W H I C H PROGRAM I S C E S I G N E D AND OTHERS UPON WHICH 
I T I S OPERABLE - I B M 3 6 0 

3 . O E S C R I P T I C N OF PROBLEM OR F U N C T I O N - THE C O N T E M P T - P S PROGRAM 
P R E D I C T S THE P R E S S U R E - T E M P E R A T U R E RESPONSE OF A DRY WELL FCR A 
L O S S - O F - C O O L A N T A C C I D E N T . THE DRY WELL I S SEPARATED I N T O A L I Q U I D 
R E G I C N AND A VAPOR R E G I C N . EACH R E G I O N IS ASSUMED TO HAVE A U N I 
FORM TEMPERATURE RUT THE T E M P E R A T U R E S OF THE TWO R E G I O N S MAY BE 
C I F F E P F N T . THE C O N T A I N M E N T B U I L D I N G I S R E P R E S E N T E D AS C O N S I S T I N G 
OF SEVERAL HEAT C O N C U C T I N G STRUCTURES WHOSE THERMAL B E H A V I O R CAN 
BF D E S C R I B E D BY THE O N E - D I M E N S I O N A L M U L T I R E G I O N HEAT C C N D U C T I C N 
E Q U A T I O N S . WATER AND ENERGY A D D I T I O N RATES FROM D I S C H A R G E OF 
C O O L A N T , R O I L I N G OF R E S I D U A L WATER BY R E A C T I C N CECAY H E A T , S U P E R 
H E A T I N G OF STFAM P A S S I N G THROUGH THF C O R E , AND M E T A L - W A T E R R E A C 
T I O N S ARE ASSUMED A V A I L A B L E FRCM P R E V I O U S C A L C U L A T I O N S AND ARE 
I N P U T DATA TO THE PROGRAM. PROGRAM CUTPUT I N C L U D E S C O N T A I N M E N T 
VOLUME PRESSURE AND T E M P E R A T U R E . TEMPERATURES THROUGH THE B U I L D I N G 
S T R U C T U R E S . AND THE AMOUNT OF W A T E R . V A P O R . ANO ENERGY I N THE C O N 
T A I N M E N T V O L U M E S . THE PRESSURE S U P P R E S S I O N C A L C U L A T I C N S I N C L U C E 
VENT C L E A R I N G AND HOMOGENEOUS FLOW OF A TWO-COMPONENT TWO-PHASE 
W A T E R - A I R M I X T U R E THROUGH THE V E N T S . ANC A MASS-ENERGY BALANCE I N 
THE WET WELL I N WHICH THE L I Q U I D AND VAPOR R E G I O N S ARE ASSUMED TO 
HAVE THE SAME T E M P E R A T U R E . THERE ARE P R O V I S I O N S FOR NORMAL B U I L D 
I N G L E A K A G E . LEAKAGE FROM P E N E T R A T I O N S , A FAN COOLER S Y S T E M , AND 
DRY ANO WET WELL SPRAY S Y S T E M S . 

4 . METHOD OF S O L U T I O N - THE I N I T I A L C O N D I T I O N S OF THE C O N T A I N M E N T 
ATMOSPHERE ARE C A L C U L A T E D FROM I N P U T V A L U E S , AND THE I N I T I A L T E M 
PERATURE D I S T R I B U T I O N S THROUGH THE C O N T A I N M E N T STRUCTURES ARE 
D E T E R M I N E D FROM THE S T E A D Y - S T A T E S O L U T I C N OF THE HEAT C C N D U C T I C N 
E Q U A T I O N S . A T I M E ADVANCEMENT PROCEEDS AS F O L L O W S . THE I N P U T 
WATER AND ENERGY RATES ARE E V A L U A T E D AT THE M I D P O I N T OF A T I M E 
I N T E R V A L AND ADDED TO THE C O N T A I N M E N T S Y S T E M . PRESSURE S U P P R E S 
S I O N , SPRAY SYSTEM E F F E C T S , AND FAN COOLER E F F E C T S ARE C A L C U L A T E D 
U S I N G C O N D I T I O N S AT THE B E G I N N I N G OF A T I M E - S T E P . LEAKAGE AND 
HEAT L O S S E S OR G A I N S , E X T R A P O L A T E D FROM THE L A S T T I M E - S T E P , ARE 
ADDED TO THE C O N T A I N M E N T S Y S T E M . C O N T A I N M E N T VOLUME PRESSURE AND 
T E M P E R A T U R E S ARE E S T I M A T E D BY S O L V I N G THE M A S S , V O L U M E , ANC ENERGY 
BALANCE E Q U A T I O N S . U S I N G THESE R E S U L T S AS BOUNDARY C O N D I T I O N S , 
THE HEAT C C N D U C T I C N E Q U A T I O N S C E S C R I B I N G STRUCTURE B E H A V I O R ARE 
ADVANCED U S I N G AN I M P L I C I T T E C H N I Q U E . THE R E S U L T I N G HEAT T R A N S 
FER RATES ARE USED TO CORRECT THE P R E V I O U S E S T I M A T E S OF THE WATER 
AND ENERGY STORAGE I N THE C O N T A I N M E N T V O L U M E , AND THE C O N T A I N M E N T 
C O N D I T I O N S ARE O B T A I N E D BY S O L V I N G FOR THE SECOND T I M E THE C O N 
T A I N M E N T BALANCE E Q U A T I O N S . THE PRESSURE S U P P R E S S I O N R O U T I N E S USE 
THE C O N D I T I O N S AT THE B E G I N N I N G OF A T I M E - S T E P TO C A L C U L A T E BOTH 
T H E I N I T I A L E X P U L S I O N OF WATER FROM THE V E N T S ANO THE FLCW THROUGH 
THE V E N T S . FROM THE C A L C U L A T E D FLOW R A T E S , MASS ANC ENERGY ARE 
REMOVED FROM THE DRY WELL AND ADDED TO THE WET W E L L . 
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5. RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - MAXIMA CF -
20 HEAT STRUCTURES 
K l MFSH PCINTS PER STRUCTURE 

SEVERAL METHODS FOR DESCRIBING NON-CONSTANT HEAT TRANSFER COEFFI
CIENTS APE PROVIDED. BUT THE THERMAL CONCUCTIVITY AND HEAT CAPA
CITY ARF CONSTANT. WATER THERMODYNAMIC PRCPERTIES ARE CETERMINED 
FRCM TABLE LOOKUP ANC INTERPOLATION PROCEDURES. 

6. TYPICAL RLNNING TIME - CN THE IBM360/75. APPROXIMATELY .021 SECONO 
PER TIME ADVANCEMENT WITH 90 MESH POINTS FOR HEAT STRUCTURES WITH
OUT PRESSURE SUPPRESSION IS REQUIREC. THE PRESSURE SUPPRESSION 
TIMING IS NOT EASILY PREDICTED BUT TWO SAMPLE PROBLEMS RANGED 
FROM .3 TC 2 SECONDS PER TIME ADVANCEMENT. 

7 . UNUSUAL FEATURES OF THE PRCGRAM -

8 . RELATED ANO A U X I L I A R Y PRCGRAMS - C O N T E M P T - P S R E P L A C E S CONTEMPT 
(ACC ABSTRACT 2 9 7 ) AND C O N T E M P T - C O N P S . 

9 . STATLS - ABSTRACT F I R S T D I S T R I B U T E D CECEMBER 1 9 7 0 . 
I 8 M 3 6 n V E R S I O N CF C C N T F M P T - C O N P S S U B M I T T E D FEBRUARY 1 9 7 0 . 

PEPLACED BY C O N T E M P T - P S I N A P R I L 1 9 7 1 . SAMPLE PRCBLEM 
EXECUTEC BY A C C . 

!•'••. REFERFNCES - L . C . R I C H A R D S O N . L . J . F I N N E G A N , R. J . WAGNER. AND 
J . M. WAAGE. CONTEMPT. A COMPUTEP PROGRAM FOR P R E D I C T I N G THE CON
T A I N M E N T P R E S S U R E - T E M P E R A T U R E RESPONSE TC A L C S S - C F - C O O L A N T A C C I 
C E N T , I D C - 1 7 2 2 0 , JUNE 1 9 6 7 . 

0 . F . C A R M I C H A E L AND S . A . MARKC. C O N T E M P T - P S - A 
D I G I T A L COMPUTER COOE FOR P R E D I C T I N G THE P R E S S U R E - T E M P E R A T U R E H I S 
TORY W I T H I N A P R E S S U R E - S U P P R E S S I O N C O N T A I N M E N T VESSEL I N RESPONSE 
TO A L O S S - O F - C O O L A N T A C C I D E N T . I D C - 1 7 2 5 2 , A P R I L 1 9 6 9 . 

R . J . WAGNER. CONTEMPT M O D I F I C A T I O N S . P H I L L I P S PETRO
LEUM MEMO W A G - 2 4 - 6 8 AM, SEPTEMBER 2 3 , 1 9 6 8 . 

P . J . WAGNER, C O N T E M P T - C O N P S M C D I F I 0AT I O N S . W A G - 1 9 -
6 9 A - M , MAY 1 4 , 1 9 6 9 . 

C . F . C A R M I C H A E L . MOD I F 1 0 A T I C N S TO C O N T E M P T / C O N P S 
CODE, IDAHO NUCLEAR MEMO C A R M - 1 6 - 6 9 . SEPTEMBER 1 7 , 1 9 6 9 . 

L . C . R I C H A R D S O N . DATE S U B R O U T I N E S O O O O O I O . P H I L L I P S 
PETROLEUM N O T E , NOVEMBER 1 9 6 8 . 

R . J . WAGNER, C V I I N P U T S U B R O U T I N E , I D A H O NUCLEAR 
N O T E , MAY 1 9 6 9 . 

P . L . M U E L L E R , 3 6 C / 7 5 I N T E R V A L T I M E R R C U T I N E S 0 0 0 3 0 , 
P H I L L I P S PETROLEUM N O T E , OCTOBER 1 0 , 1 9 6 8 . 

K. 0 . R I C H E R T , e U F I O , A S U B R O U T I N E TO P E R M I T FORTRAN 
ACCESS TO l O O P , P H I L L I P S P F T R O L E L M N O T E , FEBRUARY 1 9 6 6 . 

A . J . S M I T H , CALCOMP PLOTTER S U B R O U T I N E S , P H I L L I P S 
PETROLEUM D E S C R I P T I O N , FEBRUARY 1 9 6 9 . 

C O N T E M P T - P S T R A N S M I T T A L I N F O R M A T I O N , ARGONNE CCDE 
CENTER N O T E . 

R. J . WAGNER, M C C I F I E C CONTEMPT I N P U T , C O N T E M P T / 1 0 1 , 
JANUARY 1 5 , 1 9 7 1 . 
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11. MACHINE REQUIREMENTS - 250K BYTES AND A CALCOMP PLOTTER USED FCR 
PLOTTING 

12. PROGRAMMING LANGUAGES USEO - FORTRAN IV AND BAL 

13. OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTEC -
OS/36n MVT. 

14. ANY CTHEP PROGRAMMING OR OPERATING INFCRMATICN OR RESTRICTIONS -

15. NAME AND ESTABLISHMENT OF AUTHORS -
C. F. CARMICHAEL ANC R. J. WAGNER 
AEROJET NLCLEAR COMPANY 
P. 0. BCX 1845 
IDAHO FALLS, ICAHC 83401 

16. MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK (3763 CARDS) 
LOAD MODULE CONTEMPT (FILE 11 
SAMPLE PROBLEM ANC JCL (191 CARDS) 
SAMPLF PROBLEM OUTPUT (57 SELECTEC PAGES) 
RFFERENCE REPORTS, PROGRAM MODIFICATION MEMORANDA, ANO SUBROU

TINE DESCRIPTIONS 

1 7 . CATEGORY - G 
KEYWCRDS - A C C I D E N T S , T E M P E R A T U R E D I S T R I B U T I O N , PRESSURE D I S T R I B U 

T I O N . C O N T A I N M E N T . WATER. T H E R M O D Y N A M I C S . L E A K A G E , 
HEAT T R A N S F E R , CONTEMPT CODES 
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1. NAME OR DESIGNATION OF PROGRAM - HEATMESH 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - C0C6600 

3. DESCRIPTION OF PROBLEM OR FUNCTION - HEATMESH IS USED TO GENERATE 
3E0METRICAL DATA REQUIRED FOR STUDIES OF HEAT TRANSFER IN AXISYM
METRIC STRUCTURES REPRESENTED AS SURFACES OF REVOLUTION. THE PRO
GRAM CONSISTS OF TWO DISTINCT PHASES- THE FIRST SUBDIVIDES THE 
GIVEN PARTS INTO A NODAL NETWORK ANO EVALUATES THE GEOMETRICAL 
PROPERTIES OF THE NODES. THE SECONO DETERMINES ADJACENT NODES AND 
EDITS GEOMETRICAL DATA FOR THE THERMAL MODEL. 

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

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

6. TYPICAL RUNNING TIME -

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

8. RELATED AND AUXILIARY PROGRAMS - THE OATA GENERATED BY HEATMESH 
ARE USEO IN THE DIFFERENCE EQUATIONS OF THE HEATFLOW PROGRAM WHICH 
SOLVES TRANSIENT HEAT TRANSFER PROBLEMS. 

9- STATUS - ABSTRACT FIRST DISTRIBUTED DECEMBER 1970. 
CDC6600 VERSION SUeMITTEO JANUARY 1970-

10. REFERENCES - V. K. GABRIELSON, HEATMESH, A COMPUTER COOE FORI GEN
ERATING GEOMETRICAL DATA REQUIRED FOR STUDIES OF HEAT TRANSFER IN 
AXISYMMETRIC STRUCTURES, SCL-D«-67-30, SEPTEMBER 1967, ANO ERRATA, 
1970. 

11. MACHINE REQUIREMENTS -

12. PROGRAMMING LANGUAGE USED - FORTRAN IV 

13. OPERATING SYSTEM OR MONITOR UNDERWHICH PROGRAM IS EXECUTED -
SCOPE. 
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13. OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

15. NAME AND ESTABLISHMENT OF AUTHORS -
T. A. PORSCHING, J. H. MURPHY, J. A. REDFIELD, 
AND V. C. DAVIS 
BETTIS ATOMIC POWER LABORATORY 
WESTINGHOUSE ELECTRIC CORPORATION 
P. 0. BOX 79 
WEST M I F F L I N , PENNSYLVANIA 15122 

1 6 . MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL (2 TAPES) 

SOURCE DECK ( 1 1 , 5 9 8 CARDS) 
SAMPLE PROBLEM ( 2 4 CARDS) 
BETTIS ENVIRONMENTAL ROUTINES ( 2 1 , 1 2 3 CARDS) 
REFERENCE REPORTS, WAPO-TM-840, WAPO-TM-666, AND WAPO-TM-668 

17. CATEGORY - G 
KEYWORDS - REACTORS, TRANSIENTS, ACCIDENT, CONTAINMENT, FUELS, 

FLUID FLOW, PRESSURE DISTRIBUTION, COOLANTS, BLOWDOWN, 
REACTOR SAFETY, FLASH CODES 
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1 . NAME OR DESIGNATION OF PROGPAM - CYGRC3 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - 0 0 0 6 6 0 0 

3 . DESCPIPTION OF PROBLEM OR FUNCTION - CYGR03 IS AN EXTENSIVE MODI
FICATION OF CYGROl AND CYGR02 (ACC ABSTRACT 2 6 6 ) . BASICALLY THE 
PROGRAM CALCULATES TEMPERATURES, DEFORMATION, AND STRESSES IN 
CLADDFD FUEL ROCS AS A FUNCTION OF A HISTORY OF POWER ANO COOLANT 
CONDITIONS. AXIAL AND CIRCUMFERENTIAL UNIFORMITY ARE ASSUMED. 
BUBBLE GROWTH ANC MIGRATION ARE INCLUDED. THE MAIN CHANGES FRCM 
CYGROl ANC CYGP02 ARE IN THE AREA OF VCIC MIGRATION, FUEL CRACK
ING, CLAD COLLAPSE, REPRESENTATION CF I N - P I L E CREEP AND CLAC 
ANISCTROPY. 

4 . METHOD CF SOLUTICN - THE FUEL ANC CLAC ARE DIVIDED INTO A NUMBER 
CF CONCENTRIC RINGS. EQUATIONS FOR BALANCE OF FORCES AND D I S 
PLACEMENTS BETWEEN THE RINGS ARE USEC TC ESTABLISH EQUILIBRIUM. 
PLASTIC FLOW (CREEP) IS TREATED ON AN INCREMENTAL BASIS . THE 
RFQUIRED SIZES OF TIME-STEPS ARE CALCULATED INTERNALLY ON THE 
BASIS OF ALLOWED STRESS AND STRAIN INCREMENTS. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMUM OF -
30 RINGS (FUEL PLUS CLAD) 

6 . TYPICAL RUNNING TIME - EACH BASIC TIME-STEP TAKES ABOUT 0 . 0 1 
SECOND PEP FUEL RING ( I . E . 0 . 1 SECOND FOR 10 R I N G S ) . THE NUMBER 
OF TIME-STEPS PER HISTORY INPUT STEP VARIES BETWEEN 50 AND 5 0 0 . 

7. UNUSUAL FEATURES OF THE FRCGPAM - BENCING MOMENTS TO HOLD THE FUEL 
ROO STRAIGHT WHEN SITUATED IN A POWER GRADIENT ARE CALCULATED BY A 
PERTURBATION ANALYSIS. CORRESPONDING DEFLECTIONS I F ALLOWED TO GO 
FRFE ARE ALSO DETERMINED. AXIAL FORCES PRODUCEC BY SUPPORTS CAN 
RE FACTORED INTO THF CALCULATIONS. THE EFFECT OF A CENTRAL HEAT 
PRODUCING PLUG INSIDE THE FUEL CAN BE CALCULATED. CLAD COLLAPSE 
PRESSURES CAN BF SPFCIFIFD AS A FUNCTICN OF T I M E . 

8 . RELATED AND AUXILIARY PROGRAMS - CYGROl ANC CYGR02. CYGR03 USES 
THF PETTIS ENVIRONMENTAL ROUTINES (ACC ABSTRACT 4 7 8 ) . 

9 . STATLS - ABSTRACT FIRST DISTRIBUTED CECEMBER 197C. 
CDC6600 VERSION SUBMITTED JULY 1 9 7 0 , REPLACED 

BY CORRECTED VERSION AUGUST 1 9 7 1 . 

1 0 . REFERENCES - E. DUNCCMBE AND C. M. FP IECRICH, CYGRC-3 - A COMPUTER 
PROGRAM TO DETERMINE TEMPERATURES, STRESSES AND DEFORMATIONS IN 
OXIDE FUEL PODS (LWER CEVELCPMENT PROGRAM), WAPD-TM-961 , MARCH 
1 9 7 0 . 

C. J . PFEIFER, CCC-66aC FCRTRAN PROGRAMMING - BETTIS 
ENVIRONMENTAL REPORT, WAPD-TM-668. JANUARY 1 9 6 7 . 

1 1 . MACHINE REQUIREMENTS - 140.COO OCTAL WORDS 
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12. PROGRAMMING LANGUAGE USED - FORTRAN IV 

13. OPERATING SYSTEM CR MONITOR UNCER WHICH PROGRAM IS EXECUTED -
SCOPE. 

14. ANY OTHER PROGRAMMING CR OPERATING INFCRMATION OR RESTRICTIONS -
CYGR03 CALLS A SUBROUTINE TICK WHICH IS NCT INCLUOEC WITH THE PRO
GRAM NOP WITH THE BETTIS ENVIRONMENTAL ROUTINES. THEREFORE. THE 
USER WILL HAVE TC PROVIDE HIS CWN SUBROUTINE TICK. CALL TICK(HRS) 
IS USED TC OBTAIN ELAPSED TIME FOR THE CURRENT JOB. IT SETS HRS 
(REAL) TO THE ELAPSEC CHARGE TIME IN HCURS. 

15. NAME AND ESTABLISHMENT OF AUTHORS -
E. DUNCCMBE ANC C. M. FRIEDRICH 
BETTIS ATOMIC PCWER LABORATORY 
WESTINGHDUSE ELECTRIC CORPORATION 
P. 0. BCX 79 
WEST MIFFLIN. PENNSYLVANIA 15122 

16. MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL 

SCURCE CECK (5206 CARCS I 
SAMPLE PROBLEM (95 CARDS) 
SAMPLF PROBLEM OUTPUT (15 PAGES) 
REFERENCE REPORTS 

17. CATEGORY - I 
KEYWORDS - S T R E S S E S D I S T R I B U T I O N , FUEL E L E M E N T S , D E F O R M A T I O N , 

T E M P E R A T U R E , P R E S S U R E , CYGRO CODES 
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1. NAME CR CESIGNATION CF PBOGBAM - KENO 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - 1BM360/65,75,91 

3. DESCRIPTION OF PROBLEM OR FUNCTION - KENO IS A MULTIGROUP MONTE 
CARLO CRITICALITY CODE CONTAINING A SPECIAL GEOMETRY PACKAGE WHICH 
ALLOWS EASY DESCRIPTION CF SYSTEMS COMPOSED OF CYLINDERS, SPHERES, 
ANC CU80ICS (RECTANGULAR PARALLELEPIPEDS) ARRANGED IN ANY ORDER 
WITH CNLY CNE RESTRICTICN (EACH GEOMETRICAL REGION MUST BE 
DESCRIBED AS COMPLETELY ENCLOSING ALL REGIONS INTERIOR TO IT). 
FOR SYSTEMS NOT DESCRIBABLE USING THIS SPECIAL GEOMETRY PACKAGE, 
THE PROGRAM CAN USE THE GENERALIZED GECMETRY PACKAGE (GEOM) 
DEVELOPED FOR THE 05R MONTE CARLC CCDE. IT ALLOWS ANY SYSTEM THAT 
CAN BE DESCRIBED BY A COLLECTICN OF PLANES AND/OR QUADRATIC 
SURFACES, ARBITRARILY CRIENTED AND INTERSECTING IN ARBITRARY 
FASHION. RECTANGULAR ARRAYS OF FISSILE UNITS ARE ALLOWED WITH CR 
WITHCUT EXTERNAL REFLECTOR REGIONS. OUTPUT FROM KENO CONSISTS OF 
KEFF FOR THE SYSTEM PLUS AN ESTIMATE OF ITS STANDARD DEVIATION AND 
THF LEAKAGE, ABSORPTION, AND FISSIONS FOR EACH ENERGY GROUP PLUS 
THF TOTALS FOR ALL GROUPS. FLUX AS A FUNCTION OF ENERGY GROUP AND 
RFGION AND FISSION DENSITIES AS A FUNCTION CF REGICN ARE OPTIONAL 
OLTPLT. 

4. METHOD OF SOLUTION - THE SCATTERING TREATMENT USED IN KENO ASSUMES 
THAT THE DIFFERENTIAL NEUTRON SCATTERING CROSS SECTION CAN BE 
REPRESENTED BY A PI LEGENDRE PCLYNCMIAL. ABSORPTION OF NEUTRONS 
IN KFNO IS NOT ALLOWED. INSTEAD, AT EACH COLLISION PCINT CF A 
NEUTRCN TRACKING HISTORY THE WEIGHT OF THE NEUTRON IS REDUCED BY 
THF ABSORPTION PROBABILITY. WHEN THE NEUTRON WEIGHT HAS BEEN 
RFCUCED BELOW A SPECIFIEC POINT FOR THE REGION IN WHICH THE CCLLI
SICN OCCURS, RUSSIAN ROULETTE IS PLAYEC TO DETERMINE IF THE NEU
TRONS HISTORY IS TO BE TERMINATED AT THAT POINT OR IF THE NEUTRON 
IS TO SURVIVE WITH AN INCREASED WEIGHT. SPLITTING OF HIGH WEIGHT 
NEUTRONS IS ALLOWED IN ORDER TO MINIMIZE THE VARIANCE IN KEFF FOR 
SYSTEMS WITH REGIONS CF WIDELY VARYING AVERAGE WEIGHTS. 

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM -

6. TYPICAL RUNNING TIME - THE FIRST SAMPLE PRCBLEM REQUIRES JUST OVER 
2 MINUTES OF EXECUTION TIME ON THE IBM360/91 AND 6 MINUTES ON THE 
IBM360/75. 

7. UNUSUAL FEATURES OF THE PROGRAM -

8. RELATED AND AUXILIARY PROGRAMS - ANISN lACC ABSTRACT 1511, DOT, 
GEOM, 05R 

9. STATLS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972. 
IBM360 VERSION SUBMITTED MAY 1970, REPLACED BY SECOND 

VERSION SEPTEMBER 1971, SAMPLE PROBLEM EXECUTED BY 
ACC. 
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1 0 . REFERENCES - G. E. WHITESICES ANC N . F . CROSS, KENO - A MULTIGROUP 
MPNTE CARLO C R I T I C A L I T Y PROGRAM, C T C - 5 , SEPTEMBER 1 0 , 1 9 6 9 . 

DESCRIPTION OF ALBEDO ANO CROSS SECTION OATA, ORNL 
NCTE, SEPTEMBER 1 9 7 1 . 

KENO DATA G U I D E , CTC-5 ERRATA P P . 2 1 - 3 2 , SEPTEMBER 
1 9 7 1 . 

ACC PROGRAMMING NCTE, KENO TAPE SETUP, JANUARY 1 9 7 2 . 

11. MACHINE REQUIREMENTS -

12. PROGRAMMING LANGUAGES USED - FORTRAN IV, EXCEPT FCP 3 MACHINE 
LANGUAGE SUBROUTINES 

13. OPERATING SYSTEM CR MONITOR UNDER WHICH PRCGRAM IS EXECUTEC -
0S/36n. 

14. ANY OTHFR PROGRAMMING CR OPERATING INFORMATICN OR RESTRICTIONS -
THE SAMPLE PROBLEM CAN BE EXECUTED BY MOUNTING THE DISTRIBUTION 
TAPE AND USING THE JCL CARCS FROM FILE 5 TO RETRIEVE THE OBJECT 
PROGRAM AND ANY NEEDED CROSS SECTION CB ALBECO CATA. THE ENCLOSED 
CROSS SECTION AND ALBECO DATA ARE INCLUDED FOR THE SOLE PURPOSE 
OF ALLOWING THE SAMPLE PROBLEMS TO BE BUN FOB INSTBUCTIONAL PUR
POSES ANO SHOULD NOT BE ASSUMED USEFUL FCR ANY OTHER PUBPCSE WITH
OUT CLOSE EXAMINATION AS TC THEIR APPLICABILITY. 

THE 3 MACHINE LANGUAGE SUBROUTINES MENTICNEC IN ITEM 12 INCLUDE 
A RANDOM NUMRER PACKAGE RANDNUM (ENTRIES FLTRN, AZIRN, EXPRN, ANO 
GT I S C ) , A TIMING SUBROUTINE PULL (ENTRIES PULL ANO ITIME), AND 
MODEL, A SUBROUTINE USED AT OAK RIDGE TO IDENTIFY THE MACHINE ON 
WHICH A PRCBLEM IS BEING RUN. 

15. NAME AND ESTABLISHMFNT CF AUTHCPS -
G. E. WHITESIDES ANO N. f. CROSS 
MATHEMATICS CIVISICN 
OAK RIDGE NATIONAL LABORATORY 
P. 0. BOX X 
OAK R I D G F , TENNESSEE 37830 

1 6 . MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL ( 6 F I L E S ) 
SCURCE DECK ( F I L E S 5230 CARDS) 
OBJECT DECK ( F I L E 3 3347 CARDS) 
SAMPLE PROBLEMS ( F I L E 6 1664 CARDS) 
L IBRARIES (CROSS SECT lON-F I LE I U O VAR I ABLE-SIZEC BINARY 

RECORDS, ALBED0S-F ILE2 39 VARIABLE-S I ZED BINARY 
RECCRCS ) 

CONTROL INFORMATION ( J C L - F I L E 4 29 CARCSI 
SAMPLE PROBLEM OUTPUT ( 1 1 0 SELECTED PAGES) 
REFERENCE REPORT, ERRATA, ANC NOTES 

17. CATEGORY - C 
KEYWCRDS - MULTIGROUP, MCNTE CARLO METHOD, CRITICALITY, LEAKAGE, 

ABSORPTION, FISSION, STATISTICS, ANISN CCDES, DOT 
CODES, GEOM CODES, 05R CODES 
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1 . NAME OR CESIGNATION OF PROGRAM - SAFE-CRACK 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND CTHERS UPCN WHICH 
IT IS OPERABLE - UNIVACl lOB 

3 . DESCRIPTION OF PROBLEM OR FUNCTION - SAFE-CRACK PERFORMS A VISCO
ELASTIC ANALYSIS OF PLANE AND AXISYMMETRIC COMPOSITE CONCRETE 
STRUCTURES SUBJECTED TO TRANSIENT TEMPEPATUBE AND MECHANICAL LOAD
INGS. THE SPECIFIC CREEP OF CONCRETE AS AN AGE AND TEMPERATURE 
DEPENDENT FUNCTION, ANC CONCRETE FAILURE UNDER COMBINED STRESSES 
ARE CONSIDERED. PARTICULAR EMPHASIS IS PLACED CN THE CRACKING 
ANALYSIS IN CONCRETE STRUCTURES AND THE NONLINEAR DEPENDENCE OF 
CREEP PROPERTY ON TRANSIENT TEMPERATURE. 

4 . METHCD CF SOLUTION - THE PROGRAM USES THE F INITE-ELEMENT METHCD 
WHICH REDUCES THE PROBLEM TC THE SOLUTION OF A SYSTEM OF COUPLED 
INTEGRAL EOUATIONS. THE CHOLESKY METHOD IS USED TC SOLVE THE 
LINEAR SYSTEM OF EQUATIONS AND THE TRAPEZOIDAL RULE I S APPLIED FOR 
THE TIMF INTEGRATION. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA CF -
3on NODES 
675 ELEMENTS 

70 TIME-STEPS 

6 . TYPICAL RUNNING TIMF - 90 MINUTES ARE REQUIRED FOR A FULL-CAPACITY 
PRCBLEM. 

7 . UNUSUAL FEATURES OF THE FRCGPAM -

8 . RELATED ANO AUXILIARY PRCGRAMS - SAFE-CREEP (ACC ABSTRACT 300) 

9 . STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1 9 7 2 . 
UNIVACllOB VERSION SUBMITTED MAY 1 9 7 0 . 

! 0 . REFERENCES - Y. R. RASHID. NONLINEAR QUASI-STATIC ANALYSIS OF TWO-
DIMENSICNAL CONCRETE STRUCTURES. PART I THEORY, PART I I COMPUTER 
PROGRAM MANUAL, G A - 9 9 9 4 , MARCH 2 3 , 1 9 7 0 . 

R. D. BROWNE, PROPERTIES OF CONCRETE I N REACTOR VES
SELS, CONFERENCE ON PRESTRESSEC CONCRETE PRESSURE VESSELS AT 
CHURCH HOUSE, WESTMINSTER, S.W. 1 , 1 3 - 1 7 MARCH 1 9 6 7 , THE INSTITUTE 
OF C I V I L ENGINEERS, LONDON, 1 9 6 8 , PP . 1 3 1 - 1 5 1 . 

NTRAN, I / O ROUTINES FOR TAPE AND CRUM, EXCERPT FROM 
UNIVAC 1107 FORTRAN IV PROGRAMMERS REFERENCE MANUAL, U P - 3 5 6 9 , 
PFV. 1 . 

1 1 . MACHINE REQUIREMENTS - 65K MEMORY ANO 13 TAPES 

12. PROGRAMMING LANGUAGE USED - FCRTRAN V 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
EXFC I I . 
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14. ANY CTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
CALL TICKER REFERS TO AN 1108 SYSTEM RCUTINE FOR LOGGING JOB TIME 
USEC. A SUBSTITUTE ROUTINE WILL BE RECLIRED FCR USE OF THIS PRC
GRAM ON ANOTHER MACHINE. SAFE-CRACK CALLS SEVERAL PLOTTING ROU
TINES NOT INCLUDED WITH THE PRCGRAM. THESE ROUTINES ARE PROPRIE
TARY ANO MAY BE OUMMYED OUT. 

15. NAME AND ESTABLISHMENT OF AUTHCR -
Y. R. RASHID 
GULF GENERAL ATOMIC INCORPORATED 
P. C. BCX 6C8 
SAN DIEGO, CALIFORNIA 92112 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK (3236 CARDS) 
SAMPLE PRCBLEM (92 CARDS) 
REFFRFNCE REPORT, GA-9994, AND EXCERPT 

17. CATEGORY - I 
KEYWORDS - 2 -D IMENSIONAL , STRUCTURAL ANALYSIS , CONCRETE, CREEP, 

F IN ITE-ELEMENT, V I S C O E L A S T I C I T Y , STRESSES, SCLIDS, 
SAFE-CREEP COCES 
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1 . NAME OR CESIGNATION OF PROGRAM - SHELLS 

2 . COMPUTER FOR WHICH PROGRAM IS CESIGNEC AND CTHERS UPON WHICH 
IT IS OPERABLE - UN lVACl lOe 

3. DESCRIPTION OF PROBLEM CR FUNCTION - SHELLS PERFORMS AN El ASTIC 
STRESS ANALYSIS OF SMOOTHLY CURVED, ARBITRARILY SHAPED, THREE-
DIMENSIONAL THIN SHELLS WITH ANY DESIRED DISTRIBUTIONS OF MATERIAL 
PROPERTIES, BOUNDARY CONSTRAINTS, AND MECHANICAL, THERMAL, ANC 
DISPLACEMENT LOADING CONDITIONS. 

4 . MFTHOD OF SOLUTION - SHFLL5 USES THE FINITE-ELEMENT METHOD TO 
FORMULATE A TRIANGULAR PLATE ELEMENT WHOSE MEMBRANE DISPLACEMENT 
FIELDS ARE LINEAR PCLYNCMIAL FUNCTIONS AND BENDING DISPLACEMENT 
FIFLD I S A CUBIC POLYNOMIAL FUNCTION. THE SHELL SURFACE IS 
APPRCXIMATEC BY A NETWORK OF SUCH PLATE ELEMENTS OF ARBITRARY 
ORIENTATION. FIVE DEGREES CF FREEDOM (3 DISPLACEMENTS AND 2 BEND
ING ROTATIONS) ARE OBTAINED AT EACH NODAL POINT. THE DIRECT SOLU
TICN OF THE RESULTING SYSTEM OF EQUILIBRIUM EOUATIONS IS OBTAINED 
BY THE SEGMENT BLOCK TRIDIAGONAL GAUSSIAN ELIMINATION METHOD. 

5 . RESTRICTIONS ON THE CCMPLEXITY CF THE PROBLEM - MAXIMA OF -
1000 NODAL POINTS 
2000 ELEMENTS 

THE MAXIMUM DIFFERENCE ALLOWED FOR COUPLED NODAL POINT INDEXES IS 
2 3 . 

6 . TYPICAL RUNNING TIME - APPROXIMATELY 60 MINUTES ARE REQUIRED FOR A 
FULL-CAPACITY PROBLEM. 

7 . UNUSUAL FEATURES OF THE PROGRAM -

8 . RELATED AND AUXILIARY PROGRAMS -

9 . STATLS - ABSTRACT FIRST CISTRIBUTED JANUARY 1 9 7 2 . 
UNIVACllOB VERSION SUBMITTED MAY 1 9 7 0 . 

1 0 . REFERENCES - N. PRINCE, SHELL5 (SHELL-3C, VERSION 5 ) - A COMPUTER 
PROGRAM FOR THE STRUCTURAL ANALYSIS CF ARBITRARY THREE-DIMENSIONAL 
THIN SHELLS - A USERS MANUAL, GA-9952 , JANUARY 3 0 , 1 9 7 0 . 

N. PRINCE AND Y . R. RASHIC, STRUCTURAL ANALYSIS OF 
SHELL INTERSECTIONS, PAPER 1 - 2 1 , PROCEEDINGS PART I , FIRST INTER
NATIONAL CONFERENCE CF PRESSURE VESSEL TECHNOLOGY, DELFT, HOLLAND, 
OCTOBER 1969 . 

R. W. CLOUGH ANO C . P . JOHNSON, A F I N I T E ELEMENT 
APPROXIMATION FOR THE ANALYSIS OF THIN SHELLS, INTERNATIONAL JOUR
NAL SOLID STRUCTURES, VOL. 4 , 1 9 6 8 . 

NTRAN, I /O ROUTINES FOR TAPE AND DRUM, EXCERPT FROM 
UNIVAC 1107 FORTRAN IV PROGRAMMERS REFERENCE MANUAL, U P - 3 5 6 9 , 
REV. 1 . 
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11. MACHINE RFQUIPEMENTS - 65K MEMCRY, 5 TAPES, 3.5 MILLION WCRC CRUM 
AREA 

12. PROGRAMMING LANGUAGE USED - FORTRAN V 

13. OPEBATING SYSTEM CR MONITOR UNCER WHICH PROGRAM IS EXECUTED -
EXFC II. 

14. 
E 

ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
CALL TICKFR REFERS TO AN 1108 SYSTEM RCUTINE FOR LOGGING JOB TIMc 
USED. A S U B S T I T U T E R O U T I N E W I L L BE R E Q U I R E D F O R U S E OF T H I S P R O 
G R A M ON ANOTHER MACHINE. SHELLS CALLS SEVERAL PLOTTING ROUTINES 
NOT INCLUDED WITH THE PRCGRAM. THESE ROUTINES ARE PROPRIETARY AND 
MAY RE DUMMYED OUT. 

1 5 . NAME AND ESTABLISHMENT OF AUTHCR -
N. PRINCE 
GULF GENERAL ATOMIC INCORPORATED 
P. 0. BOX 6C8 
SAN DIEGO, CALIFORNIA 92112 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE CECK (3381 CARDS) 
SAMPLE PROBLEM (101 CARCS) 
REFERFNCE REPORT, GA-9952, ANO EXCERPT 

17. CATEGORY - I 
KEYWORDS - SHELLS, 3 -DIMENSICNAL, STRUCTURAL ANALYSIS, ELASTIC ITY, 

F INITE-ELEMENT 
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1. NAME OR DESIGNATION OF PROGPAM - RICE 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 

IT IS OPERABLE - IBM360 

3. DESCRIPTION OF PROBLEM OR FUNCTION - THE PROGRAM CALCULATES AN 
ENERGY EXCHANGE MATRIX WHICH CESCRI8ES THE PROBABILITY THAT A 
NEUTRON WITH ENERGY F WILL PRODUCE A RECCIL ATCM WITH ENERGY T IN 
A GIVEN MATERIAL. IN ADDITION, THE PROGRAM CAN CALCULATE THE 
PRIMARY RECOIL ATOM ENERGY SPECTRUM FOP A GIVEN NEUTRON SPECTRUM, 
THE DAMAGE CROSS SECTION FOR THE MATERIAL, AND AN OPTIMUM LOWER 
ENERGY LIMIT FOR USE IN CCMPARING THE RELATIVE DAMAGE IN DIFFER
ENT REACTOR SPECTRA. THE PRCGRAM ACCEPTS NEUTRON SCATTERING CATA 
DIRECTLY FROM THE ENDF/B LIBRARY TAPES AND, IN THE CASE CF A 
RFSONANCE NUCLIDE, FRCM A TAPE GENERATED BY THE PROGRAM SUPERTOG 
(ACC ABSTRACT 431). 

4. MFTHCD CF SOLUTION - THE ENERGY TRANSFER MATRIX IS OBTAINED FROM 
A SOLUTION OF THE TWO BODY KINEMATIC EQUATIONS. THE SCLUTION 
INCCPPQRATFS INFORMATICN CN ANISOTROPIC ELASTIC SCATTERING ANO 
INELASTIC SCATTERING AVAILABLE FROM ENDF/B. DAMAGE CROSS SEC
TICNS ANC PRIMARY RECOIL SPECTRA ARE OBTAINED BY COMBINING THE 
FNFRGY TRANSFFR MATRIX WITH SUITABLE SECONDARY DISPLACEMENT 
MOCELS AND NEUTRON FLUX SPECTRA. 

5. RFSTRICTICNS ON THE CCMPLEXITY OF THE PROBLEM - RICE DOES NOT 
RFCOGNIZE ALL OF THE MULTIPLICITY OF OATA FORMATS ALLOWED BY 
ENDF/B. IT IS PROGRAMMEC TO ACCEPT THE MOST PREVALENT FORMATS. 
IN ADDITION, THE NEUTRON ENERGY DISTRIBUTION IS RESTRICTED TO A 
99-GROUP REPRESENTATION AND THE RECOIL ENERGIES ARE REPRESENTED 
RY 2O0 FNFRGY GROUPS. 

6. TYPICAL RUNNING TIME - ALL CPTICNS FCR ONE ELEMENT REQUIRE 
10 MINUTES. 

7. UNUSUAL FEATURES OF THE PROGRAM -

8. RELATED ANC AUXILIARY PRCGRAMS - RICE LACKS THE CAPABILITY OF CAL
CULATING ELASTIC SCATTERING CROSS SECTICNS FROM RESCNANCE PARAME
TERS. THF CODE SUPERTOG CAN RE USED TO PRODUCE SMOOTH ELASTIC 
SCATTERING CROSS SECTICNS FOR RICE IN CASES WHERE RESONANCE 
PARAMETERS ARF INCLUDED IN THE ENDF/B DATA. THE MULTIGROUP 
PROGRAMS GAM-II, ANISN ANO XSDRN (ACC ABSTRACT 393) CAN BE USED TQ 
PRODUCF NEUTRON SPECTRA FOR LSE IN RICE. 

9. STATLS - ABSTRACT FIRST CISTRIBUTED JANUARY 1972. 
IBM360 VERSION SURMITTED MAY 1970, SAMPLE PRCBLEM 

EXECUTEC BY ACC . 

10. REFERFNCE - J. D. JFNKINS, RICE, A PROGRAM TO CALCULATE PRIMARY 
RECOIL ATCM SPECTRA FROM ENDF/B DATA, ORNL-TM-2706, FEBRUARY 
1970. 
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1 1 . MACHINE REQUIREMENTS - 1 1 0 , 0 0 0 WORDS OF CORE STORAGE ANO FIVE 
I / O DEVICES OTHER THAN NORMAL INPUT/OUTPUT 

1 2 . PRCGPAMMING LANGUAGE USEC - FORTRAN IV 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGPAM IS EXECUTEC -
IBM O S / 3 6 0 . 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFCRMATICN CR RESTRICTIONS -

15. NAME AND ESTABLISHMENT CF AUTHCR -
J . 0 . JENKINS 
OAK RIDGE NATIONAL LABORATORY 
P. 0. BCX Y 
OAK RIDGE, TENNESSEE 37830 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK (3129 CARDS) 
SAMPLE PRCBLEM INPUT (99 CARCS) 
SAMPLE PROBLEM LIBRARY (945 CARDS) 
SAMPLE PROBLEM OUTPUT (37 CARDS) 
SAMPLE PRCBLEM OUTPUT (23 SELECTEC PAGES) 
REFERENCE REPORT 

1 7 . CATEGCRY - B 
KEYWORDS - INELASTIC SCATTERING, ENDF/E L IBRARIES , ELASTIC SCAT

TERING, SPECTRA, RADIATION EFFECTS, G A M - I I CCDES, 
ANISN CODES, XSCRN COCES, SUPERTCG CODES 
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1 . NAME OR CESIGNATION OF PROGRAM - PHENIX 

2. COMPUTER FCR WHICH PROGRAM IS CESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - CDC66CC 

3 . DESCRIPTION OF PROBLEM OR FUNCTICN - PHENIX IS A TWO-DIMENSIONAL, 
MULTIGROUP, DIFFUSION-BURNUP-REFUELING CODE FOR USE WITH FAST 
REACTORS. THF CODE IS DESIGNED PRIMARILY FCR FUEL-CYCLE ANA
LYSIS OF FAST REACTORS AND CAN BE USED TO CALCULATE THE DETAILED 
RURNUP ANC REFUELING HISTORY OF FAST BREEDER REACTOR CONCEPTS 
HAVING ANY GENERALIZED FRACTIONAL BATCH RELOADING SCHEME. EITHER 
ORDINARY KEFF CALCULATIONS OR SEARCHES ON MATERIAL CONCENTRATION 
OR REGICN DIMENSIONS CAN BE PERFORMED AT ANY TIME DURING THE 
BURNUP HISTORY. THE COMPLETE FLEL CYCLE HISTORY CAN BE CALCULATED 
IN CNF RUN, OR THF INDIVIDUAL RURNUP INTERVALS CAN BE TREATED 
SEPARATELY. THE REFUELING OPTION CF THE CCDE ACCOUNTS FOR THE 
SPATIAL FLUX SHIFTS OVER THE REACTOR L IFETIME IN THE CALCULATION 
OF FUEL DISCHARGE. 

4 . METHOD OF SOLUTION - EIGENVALUES ARE CCMPUTEO BY STANDARD SOURCE-
ITERATION TECHNIQUES, WITH GRCUP REBALANCING, SUCCESSIVE LINE 
OVERRFLAXATION, ANO FISSION-SCLRCE CVEPPELAXATICN USED TO ACCELER
ATE CONVERGENCE. THESE METHODS ARE USED IN THE TWO-DIMENSIONAL 
DIFFUSICN THEORY COCE 2Ce (ACC ABSTRACT 3 2 5 ) AND ARE INCORPORATED 
IN PHENIX. HOWEVER, SEVERAL BASIC DIFFERENCES EXIST BETWEEN THE 
2DR METHODS AND THOSE USEO IN PHENIX. IN PHENIX, A SINUSOIDAL 
I N I T I A L FLUX GUESS CAN BE USED IN WHICH THE CODE GENERATES THE 
APPROPRIATE VALUES FOR THE FLUX AT EACH MESH POINT FOR ANY COMBI
NATION OF REFLECTIVE ANO VACUUM BOUNDARY CONDITIONS. ACCITIONALLY 
IN PHENIX, THE LINE INVERSION CAN BE PERFORMED BY ROWS ( R A D I A L ) , 
COLUMNS ( A X I A L ) , OR BY ALTERNATING THE CIRECTION FRCM ONE MESH 
SWEEP TO THE NEXT. BASED ON EXPERIMENTS WITH DIFFERENT CORE 
GEOMETRIES AND DIFFERENT COMBINATIONS OF BOUNDARY CONDITIONS, THE 
CODE WILL DETERMINE THE BEST DIRECTION BY CONSIDERING THE BOUNDARY 
CCNDITIONS TOGETHER WITH THE AVERAGE AXIAL AND RADIAL MESH SPAC
ING. THE CONCENTRATION SEARCH CALCULATICN HAS ALSO BEEN CHANGED 
TO INCLUDE THE SIMULTANEOUS ADDITION OR REMOVAL CF ANY COMBINA
TION OF MATERIALS IN ANY COMBINATION OF REACTOR ZONES. THE PER
FORMANCE OF CONVERGENCE TESTS AND CALCULATION OF NEW EIGENVALUES 
IN SEARCH PROBLEMS ARE BASED ON TECHNIQUES USED I N THE LOS ALAMOS 
SN CCDES 0TF4 (ACC ABSTRACT 2 0 9 ) ANC 2CF (ACC ABSTRACT 1 7 3 ) . 

BUPNUP IS PERFORMED BY PHENIX USING ZONE-AVERAGED TOTAL FLUXES 
AND ZONE- AND GROUP-AVERAGED CROSS SECTIONS AS I N 2 0 B . EACH INPUT 
BURNUP TIME-STEP IS ARBITRARILY CIVIOEC INTO 10 SMALLER TIME-STEPS 
ANO THF BURNUP EQUATION IS THEN SOLVED AS A MARCH-CUT PRCBLEM 
USING THE SMALLER T IME-STEPS. A CONSTANT TOTAL POWER CONSTRAINT 
IS USED TO ADJUST THE MAGNITUDE CF THE FLUXES AT THE ENC OF EACH 
SUBDIVIDED T IME-STEP. 

WITH THE FRACTIONAL BATCH REFUELING SCHEME USED IN PHENIX, THE 
FUEL FRACTION WITH THE GREATEST BURNUP IS DISCHARGED. THIS D I S 
CHARGE IS CALCULATED BY ACTUALLY BURNING I N I T I A L L Y CLEAN FUEL 
OVER ITS PERIOD OF RESIDENCE IN THE REACTOR USING THE APPROPRIATE 
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4 . MFTHOD CF SOLUTION (CONTINUEC) 
ZONE-AVERAGED TOTAL FLUXES ANC ZONE-GRCUP-AVERAGED CROSS SECTIONS 
FROM PREVIOUS BURNUP INTERVALS. REFUELING I S THEN ACCOMPLISHED 
RY SUBTRACTING THE CISCHARGE-ATOM DENSITY FROM THE HOMOGENIZED-
REGION ATOM DENSITY AND ADDING THE APPROPRIATE CLEAN-FUEL ATOM 
DENSITY. THE PRINCIPAL ADVANTAGE OF THIS REFUELING TECHNIQUE IS 
THE REQUIREMENT TO EXPL IC ITLY TAG EACH FUEL ISOTOPE ONLY ONCE PER 
PFGION. 

5 . RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - MAXIMUM OF -
50 FNFRGY GROUPS 

VARIABLE CIMENSIONING IS USED WITH NEARLY ALL SUBSCRIPTED V A R I 
ABLES STORED IN A SINGLE 2 7 , 0 0 0 WORD ARRAY. 

6 . TYPICAL RUNNING TIME - A STRAIGHT KEFF CALCULATION IN R-Z GECMETRY 
WITH 8 ENERGY GROUPS ANC 9 0 0 MESH POINTS REQUIRES 4C SECONDS. I F 
THF SAME PROBLEM IS CARRIED CUT OVER THE COMPLETE CYCLE OF THE 
CODE, FOR THE FIRST BURNUP INTERVAL (CLEAN REACTOR, SINUSOIDAL 
FLUX GUESS) , RUNNING TIME IS ABOUT 75 SECONDS. EACH SUBSEQUENT 
RURNUP INTERVAL REQUIRES 60 TO 65 SECCNDS FCR THE SAME CALCULA
TIONAL SEQUENCE. THE NUMBER OF BURNUP INTERVALS REQUIRED TO 
RFACH EQUIL IBRIUM I S A DIRECT FUNCTICN CF THE PARTICULAR FRAC
TIONAL BATCH REFUELING SCHEME. THUS, IF THE REACTOR REQUIRES 5 
BURNUP INTERVALS TO REACH EQUILIBRIUM FROM THE CLEAN CONFIGURA
T I O N , THE TOTAL RUNNING TIME IS BETWEEN 5 AND 6 MINUTES. 

7 . UNUSUAL FEATURES OF THE PROGRAM -

8 . RELATED AND AUXIL IARY PROGRAMS - MESH POINT ANC ATCM DENSITY CATA 
CAN BE GENFRATEO BY DPC (ACC ABSTRACT 2 3 4 ) . A TWO-DIMENSIONAL DATA 
PREPARATION CODE. AND INPUT DIRECTLY TO PHENIX. THIS I S PARTICU
LARLY USEFUL I N THE CASE OF COMPLEX PROBLEMS. CROSS SECTIONS MAY 
BE INPUT VIA EITHER CARDS OR TAPE. AND THE FORMAT IS COMPATIBLE 
WITH MC**2 OUTPUT (ACC ABSTRACT 3 5 5 ) . 

9 . STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1 9 7 2 . 
0006600 VERSION SUBMITTED JUNE 1 9 7 0 . 

1 0 . REFFRENCES - R . DOUGLAS ODELL. THOMAS J . H IRCNS. PHENIX. A TWO-
DIMENSIONAL DIFFUSlON-BURNUP-REFUELING CODE, L A - 4 2 3 1 , APRIL 3 , 
1 9 7 0 , AND SUPPLEMENT. 

THOMAS J . HIRCNS AND R. DOUGLAS OCELL, CALCULATIONAL 
MODELING EFFECTS ON FAST BREECER FUEL-CYCLE ANALYSIS, L A - 4 1 8 7 , 
APRIL 1 9 6 9 . 

THOMAS J . HIRONS ANO R . DOUGLAS ODELL, CALCULATICNAL 
MODELS FCR FAST REACTOR FUEL-CYCLE ANALYSIS, NUCLEAR APPLICATIONS 
ANO TECHNOLOGY, VOL. 9 , P. 93 (JULY 1 9 7 0 1 . 

W. W. L I T T L E , J R . AND R. W. HARDIE , 20B USERS MANUAL, 
B N W L - 8 3 1 , REV. 1 , FEBRUARY 1 9 6 9 . 

K. D. LATHROP, C T F - I V , A FORTRAN-IV PROGRAM FOR 
SOLVING THE MULTIGROUP TRANSPORT EQUATION WITH ANISOTROPIC SCAT
TERING, LA- -»373 , JULY 1 5 , 1 9 6 5 . 

W. H . HANNUM ANC 6 . M. CARMICHAEL, DPC, A TWO-OIMEN-
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11 , 

REFERENCES (CONTINUEC) 
SIONAL DATA PREPARATION CODE, LA-3427-MS, FEBRUARY 3, 1965. 

B. J. TOPPEL, A. L. RAGO, AND 0. M. OSHEA, MC**2, A 
COOE TO CALCULATE MULTIGROUP CRCSS SECTIONS, ANL-7318, JUNE 1967. 

MACHINE REQUIREMENTS - 65K MEMORY, 1 RANDOM-ACCESS STORAGE DEVICE 
(DISK), AND 2 MAGNETIC TAPE UNITS. IF CROSS SECTIONS ARE INPUT 
FROM CARDS. ONLY ONF TAPE UNIT IS REQUIRED. THE CTHER TAPE UNIT 
IS USEO FOR FLUX GUESSES OR DUMPS (IF DESIRED). AND TC STORE BURN-
UP OATA NEEDED FOR THE REFUELING PORTION OF THE PROGRAM. 

12. PRCGPAMMING LANGUAGE USEC - FORTRAN IV 

13. OPERATING SYSTEM CR MONITOR LNDEB WHICH PROGRAM IS EXECUTED -
SCCPE 3.2. 

14. ANY OTHER PROGRAMMING OR OPERATING INFCRMATION OR RESTRICTIONS -

15. NAME AND ESTABLISHMENT CF AUTHORS -
THOMAS J. HIRCNS 
LOS ALAMOS SCIENTIFIC LABORATORY 
P. C. BOX 1663 
LOS ALAMOS. NEW MEXICO 87544 
R. DOUGLAS ODELL 
DEPARTMENT CF NUCLEAR ENGINEERING 
UNIVERSITY OF NEW MEXICC 
ALBUQUERQUE. NEW MEXICO 87106 

16. MATFRIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE CFCK (3516 CARDS ) 
SAMPLE PROBLEM (103 CARDS) 
REFERENCE REPORT, LA-4231. AND SUPPLEMENT 

'7. CATEGORY - D 
KEYWORDS - 2 - D I M E N S I G N A L . M U L T I G R O U P , D I F F U S I C N . D E P L E T I O N . FUEL 

C Y C L E , FAST R E A C T O R S . 2DB C O D E S . D T F 4 C O D E S , 2DF CODES. 
DPC C O D E S . M C * * 2 CCDES 
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J . NAME OR DESIGNATION OF PROGRAM - OACl 

2 . COMPUTER FCR WHICH PRCGBAM IS CESIGNEC AND OTHERS UPON WHICH 
I T IS OPERABLE - COC66C0 

3 . OESCRIPTICN CF PROBLEM CR FUNCTICN - CACl USES ANGULAR FLUXES FROM 
THE DTF4 SN COOE TO CALCLLATE REACTIVITY PERTURBATIONS. EFFEC
T I V E DELAYED NEUTRON FRACTIONS, AND GENERATION TIMES IN REACTORS. 
THE REFERENCE REACTOR SPECIFICATIONS ARE INPUT TO CACl BY A 
DIRECT READING OF THE DTF4 INPUT DECK. CONSEQUENTLY, THE CNLY 
ADDITIONAL INPUT NEEDED ARE THE PERTUREATION SPECIF ICATIONS. 

4 . HETHOO OF SOLLTION - PERTURBATION T H E C R Y APPLIED TC THE MULTIGRCUP 
NEUTRCN TRANSPORT EQUATIONS IS USEO TC OBTAIN R E A C T I V I T I E S , 
EFFECTIVE DELAYED NEUTRCN FRACTIONS, AND GENERATION T IMES. 

5. RESTRICTIONS ON THE COMPLEXITY CF THE FROBLEM - THE FORTRAN IV 
PROGRAMMING TECHNIQUES SUCH AS VARIABLE DIMENSIONING USEO IN 0TF4 
(ACC ABSTRACT 2 0 9 ) ARE RETAINED IN C A C l . CONSEQUENTLY, ANY 
COMBINATION OF PROBLEM PARAMETERS MAY PE USEC WHICH WILL FIT IN 
THE OVER-ALL AVAILABLE STORAGE. GENERALLY, THE PROBLEMS THAT F I T 
FOR 0TF4 CAN ALSO BE ACCCMMOCATEC BY C A C l . 

6 . TYPICAL RUNNING TIME - SEVEN-GROUP, S4 , EIGHT SPATIAL INTERVALS, 
FUEL DENSITY PERTURBATION IN SPHERICAL JEZEBEL REQUIRES 1 2 . 5 
SECONDS. THE SAMPLE PROBLEM REQLIRES 10 SECONCS OP (CENTRAL 
PPCCESSOB) TIME AND 30 SECONDS PP (PERIPHERAL PRCCESSCB) TI«iE CN 
THE COC660C. 

7 . UNUSUAL FEATURES OF THE PROGRAM - OACl WILL COMPUTE WCRTH OF ANY 
PERTUROATICN I N THE ATCM D E N S I T I E S , MICRiJSCOPIC CRCSS SECTIONS. OR 
BOTH AT ANY COMBINATION OF SPACE INTERVALS CF THE REFERENCE 
REACTOR. WORTHS OF MATERIALS NOT DEFINED IN THE REFERENCE REACTOR 
SOFCIFICATIONS MAY BE COMPUTED. SN ANGULAR FLUXES OR FLUXES AND 
CURRENTS FROM DIFFUSION THECRY CALCULATIONS MAY BE USEC IN THE 
PERTURBATION CALCULATICNS. 

8 . RELATED AND AUXILIARY PROGRAMS - DACl MAKES DIRECT USE OF FLUXES 
(REGULAR ANO ADJOINT) CCMPUTEO BY 0 T F 4 . THE SAMPLE PROBLEM INPUT 
CONTAINS A REGULAR ANGULAR FLUX CECK ANGFR, AN ACJCINT ANGULAR 
FLUX DECK ANGFA, AND DATA INPUT DECKS CTFIN ANO DACIN. NORMALLY A 
DECK LIKE OTFIN WOULD BE USEC AS INPUT TO DTF4 (ACC ABSTRACT 209) 
TO GENERATE ANGFR ANC ANGFA, HCwEVER TC PROVIDE AN INDEPENDENT 
CHECK OF CACl , ANGFR ANC ANGFA ARE F L R N I S H E D AS PART CF THE DACl 
SAMPLE PRCBLEM INPUT . 

9 . STATUS - ABSTRACT FIRST CISTRIBUTEO JANUARY 1 9 7 2 . 
CDC6600 VERSICN SUBMITTED JUNE 1 9 7 0 . 

'•>. REFERENCES - B . N . CARMICHAEL, CACl A ONE-OI MENSI CKAL SN PERTUR-
BATICK CODE, L A - 4 3 4 2 , APRIL I , 1 9 7 0 . 

K. 0 . LATHROP, O T F - I V , A FCRTPAN-IV PRCGRAM FCR 
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1 0 . REFERENCES ( C O N T I N U E D ) 
SOLVING THE MULTIGROUP TRANSPORT EQUATION WITH ANISOTROPIC SCAT
TERING. L4-3373. JULY 15. 1965. 

11. MACHINE REQUIREMENTS - 2 DISK CR TAPE FILES IF ANGULAR FLUXES ARE 
USEC 

12. PROGRAMMING LANGUAGE USEO - FORTRAN IV 

13. OPERATING SYSTEM CR MONITOR UNCER WHICH PROGRAM IS EXECUTED -
SCOPF 3. 

14. ANY CTHER PROGRAMMING CR OPERATING INFORMATION OR RESTRICTIONS -
DACl READS ANGFR AND ANGFA FROM TAPES NREG ANO NADJ, RESPECTIVELY, 
AND READS THE COMRINED DTF IN AND DACIN FROM TAPE NINP. OUTPUT IS 
WRITTEN ON TAPE NOUT. FILE NUMBERS ASSIGNED BY DACl ARE NREG=1, 
NA0J=2, NINP=10, ANO N0UT=9. THESE MAY BE REASSIGNED BY MODIFYING 
STATEMENTS A144 THROUGH A147. 

15. NAME AND ESTABLISHMENT OF AUTHCR -
B. M. CARMICHAEL 
LOS ALAMOS SCIENTIFIC LABCRATORY 
P. 0. BOX 1663 
LOS ALAMOS, NEW MEXICO 87544 

1 6 . MATERIAL A V A I L A B L E -
SCURCE DECK ( 1 2 2 9 CARDS) 
SAMPLE PROBLEM ( 1 8 0 CARDS) 
REFERENCE R E P O R T , L A - 4 3 4 2 

1 7 . CATEGORY - N 

KEYWORDS - O N E - D I M E N S I O N A L . P E R T U R B A T I O N T H E O R Y . R E A C T I V I T Y , 
M U L T I G R O U P , SN METHCC, R E A C T I O N R A T E S , 0 T F 4 CODES 
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1 . NAME OR DESIGNATION CF PROGRAM - DBUFIT I 

2 . COMPUTER FOR WHICH PROGRAM IS CESIGNED AND OTHERS UPON WHICH 
I T I S OPERABLE - UNIVACl lOB 

3 . DESCRIPTION OF PROBLEM OR FUNCTION - O B U F T I l I S DESIGNED TO EX
TRACT INTEGRAL CROSS SECTICN INFORMATICN FROM ISOTOPIC BURNUP 
OATA. THIS INFORMATION IS OBTAINED BY F I T T I N G BURNUP EQUATIONS TO 
THE ISOTOPIC DATA USING LEAST SQUARES F I T T I N G TECHNIQUES. 
BURNUP FOUATICNS FOR THE FOLLOWING TRANSMUTATION CHAINS HAVE BEEN 
PROGRAMMED - PU239 TO P U 2 4 2 , U238 TO P U 2 4 2 , PU242 TC CM244 AND 
U235 TO PU238. 

4 . METHCD OF SOLUTION - AN ITERATIVE TECHNIQUE I S USED TC FIND THE 
BEST LEAST SQUARES F IT CF THE TRANSMUTATION EOUATIONS TO THE 
MEASURED BURNUP DATA. THE VALUES OF THE ADJUSTABLE LEAST SQUARES 
PARAMETERS AT THIS BEST LEAST SQUARES F I T CONTAIN THE DESIRED 
INTEGRAL CROSS SECTION INFCRMATICN. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE DATA FROM AS 
MANY AS 150 SAMPLES MAY BE ANALYSED AT ONE T I M E . 

6 . TYPICAL RUNNING TIME - COMPUTATIONAL TIME DEPENDS UPON THE NUMBER 
OF ITERATIONS REQUIRED TO OBTAIN LEAST SQUARES CONVERGENCE AND THE 
NUMBER OF DATA POINTS BEING F I T T E D . CN THE 1 1 0 8 , A TEST CASE WITH 
NINE DATA POINTS REQUIRES APPROXIMATELY FOUR SECONDS PER ITERA
T I O N . I N I T I A L ESTIMATES FOR THE F I T T I N G PARAMETERS ARE USUALLY 
GOOD ENOUGH SO THAT MOST PROBLEMS CONVERGE I N 25 TO 50 ITERA
TIONS. DCUBLING THE NUMBER CF CATA POINTS DOUBLES THE RUNNING 
TIME PER ITERATION. THE ONLY CTHER SIGNIFICANT USE CF MACHINE 
TIME OCCURS DURING THE GENERATION OF PLOTTING INFORMATION WHICH 
MAY REQUIRE UP TO THIRTY SECCNDS PER PLCT. 

7 . UNUSUAL FEATURES OF THE PROGRAM - DBUFIT I PROVIDES FOR A SIMUL
TANEOUS LEAST SQUARES F I T OF ALL TRANSMUTATION EOUATIONS IN A 
GIVEN CHAIN TO THE ASSOCIATED BURNUP OATA. ONE STANDARD DEVIA
TION UNCERTAINTY FOR ALL OF THE MEASUREC ISOTOPES CAN BE 
ACCOMMODATED BY THE CODE. 

8 . RELATED ANC AUXILIARY PRCGRAMS - DBUFIT I SUPERCEDES THE DUBLIK 
CODE. INPUT I S READ I N VIA THE NAMELIST FORMAT. 

9 . STATLS - ABSTRACT FIRST DISTRIBUTED JANUARY 1 9 7 2 . 
UNIVACl lOB VERSION SUBMITTED JULY 1 9 7 0 . 

1 0 . REFERENCES - R. P . MATSEN, D B U F I T - I A LEAST SQUARES ANALYSIS CODE 
FOR NUCLEAR BURNUP DATA, BNWL-1396, MAY 1 9 7 0 . 

B . H. DUANE, MAXIMUM LIKELIHOOD NONLINEAR CORRELATED 
FIELDS (BNW PROGRAM L I K E L Y ) . BNWL-390. SEPTEMBER 1 9 6 7 . 

PROGRAM CHANGES REQUIRED FOR THE U 2 3 5 - U 2 3 6 - U 2 3 8 - N P 2 3 7 
PU236-PU238 AND THE PU242-AM243-CM244 CHAINS, BNWL NOTE. 



784 

ACC ABSTRACT 456 - 2 - 03/72 

1 1 . MACHINE REQUIREMENTS - CORE MEMORY REQUIREMENTS ARE 4 0 , 0 0 0 OCTAL 
LCCATICNS FOR INSTRUCTIONS ANC ALMOST 5 0 , 0 0 0 OCTAL LOCATIONS FOR 
DATA STORAGE. A CALCOMP PLOTTER I S NECESSARY I F PLOTTED RESULTS 
ARE CESIREC. 

1 2 . PROGRAMMING LANGUAGE USED - FCRTRAN V 

1 3 . OPERATING SYSTEM CR MONITOR UNCER WHICH PROGRAM IS EXECUTED -
CSCX OPERATING SYSTEM. 

1 4 . ANY CTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
COMPUTATIONS ARE PERFORMED IN DOUBLE PRECISION IN ORDER TO AVOID 
INSTABIL IT IES DUE TO ROUND OFF ERROR BY TAKING ADVANTAGE CF THE 
EFFICIENT UNIVACllOB COUBLE-PREC IS ION HARDWARE. WITH SOME DE-
CRFASE IN EFFICIENCY ANO R E L I A B I L I T Y , MOST CASES CAN ALSO BE RUN 
IN THE SINGLE-PRECISION MODE, THEREBY SAVING CONSIDERABLE DATA 
STORAGE SPACF IN THE CORE MEMORY. 

1 5 . NAME ANO ESTABLISHMENT OF AUTHOR -
ROBERT P. MATSEN 
BATTELLE-NORTHWEST LABORATORY 
P. 0 . BOX 999 
RICHLAND, WASHINGTON 99352 

1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SCURCE DECK (3503 CARCS) 
SAMPLE PROBLEM ( 1 3 1 CARDS) 
REFERENCE REPORT, BNWL-1396, AND BNWL NOTE 

1 7 . CATEGORY - D 
KEYWORDS - LFAST SQUARES, ISOTOPES, DEPLETION, FUELS, RADIATION 

EFFECTS, DUBLIK CCDES, LIKELY CODES 
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1. NAME OR CESIGNATION OF PROGRAM - GSSLRNIB 

2. COMPUTER FCP WHICH PROGRAM IS CESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - UNIVACllOB 

3. DESCRIPTION CF PROBLEM CP FUNCTION - GSSLRNIB IS UTILIZED FOR 
EVALUATIONS AND STATISTICAL DETERMINATION OF PHOTCPEAKS IN PHOTON 
SPECTRA. THE CODE PERFORMS EVALUATIONS OF PHOTOPEAK SPECTRA 
USING AS INPUT THE DIGITIZED PULSE HEIGHT CISTRIBUTION WHICH IS 
OUTPUT FROM A LARGE MULTICHANNEL ANALYZER. PHOTOPEAKS ARE 
LOCATED, FUNCTIONS FIT TC EACH REAL PEAK, ANC THE RELATIVE INTEN
SITY OF EACH FITTED PEAK ABOVE THE BAOKGROUNC CONTINUUM IS CAL
CULATED. THE CODE IS EASILY ADAPTABLE FOR ANALYSIS CF ANY SPECTRA 
WHICH CAN BF ADEQUATELY CEFINEC BY PEAKS REPRESENTED IN ANALYTIC 
FORM. 

4. METHOD OF SOLUTION - THE CCCE IS BASED UPON LEAST-SQUARES 
FITTING TECHNIQUES UTILIZING SECCND-CRDER TAYLOR EXPANSIONS 
WITH REGRESSION ANALYSIS. VARIED TESTS HAVE BEEN INCORPORATED 
INTC THE CODE WHICH RELY ON MEASUREMENT VARIANCE, REGRESSION 
ANALYSIS, ANO DEVIATION FROM A LEAST-SQUARES FIT IN ORDER TO 
EFFECTIVELY RESOLVE MULTIPLETS IN COMPLEX PHOTOPEAK SPECTRA. 

5. RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - MAXIMA CF -
2048 CHANNELS FRCM A MULTICHANNEL ANALYZER PER CASE 
2C0 FITTED PEAKS PER C«SE 
250 CHANNELS PER INTERVAL OF FIT 
10 PEAKS PER INTERVAL CF FIT 
49 PARAMETERS PER INTERVAL CF FIT 

THESF LIMITS ARE BASED UPON ANALYSIS OF PHOTOPEAKS DESCRIBED BY 
SYMMETRIC GAUSSIAN ANALYTICAL FCRM. 

6. TYPICAL RUNNING TIME - TWO TO SIX SECONDS PER FITTED PEAK 
ARE REQUIRED. A TYPICAL PROBLEM WOULD CONTAIN 30 TO 50 PEAKS AND 
USE 2 MINUTES OF UNIVACllOB TIME. 

7. UNUSUAL FEATURES CF THE PRCGPAM - THE COCE USES THE FITTED 
MFASUREMFNT VARIANCE IN ITS DECISION ANALYSIS TC DECIDE IF DEVIA
TIONS FROM THE FIT ARE SUPPORTED SUFFICIENTLY TC WARRANT A RE
CYCLING ATTEMPT WITH HIGHER GROUPS CF GAUSSIAN TERMS SO AS TO 
DEFINE HIDDEN PHOTOPEAKS. IN THE CASE OF RECYCLEC MULTIPLE FIT
TING, RFCCVFRY PROCECURES ARE ENGAGED TO SUPPLY THE USER WITH THE 
LAST GOOD FIT WHICH WAS OBTAINED. THE CODE HAS AUTOMATIC 
PLOTTING FEATURES TO DISPLAY THE MEASURED DATA, THE FITTED 
CURVE, AND THF ROOT-MEAN-SCUAREC DEVIATION ENVELOPE, IN ADDITION 
TO DISPLAYING EACH RESOLVED PEAK. 

«. RFLATED ANC AUXILIARY PROGRAMS - GSSLRNIB USES THE NAMELIST INPUT 
ROUTINE. 

9. STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972. 
UNIVAC11J8 VERSION SUBMITTEC MAY 1970. 
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1 0 . RFFERFNCFS - G. D. SEYBOLD, GSSLRN-I AN AUTOMATED LEAST-SQUARES 
COMPUTER CODE FOR THF ANALYSIS OF PHOTOPEAK SPECTRA, BNWL-1227, 
NCVEWPER 1 9 6 9 . 

B. H. CUANE, MAXIMUM LIKELIHOOD NONLINEAR CORRELATED 
FIELDS (BNW PROGRAM L I K E L Y ) , BNWL-390 , SEPTEMBER 1 9 6 7 . 

ARGONNE PROGRAMMING NOTE 7 2 - 1 6 , DESCRIPTION OF 
GSSLRNIB SURROUTINES NCT INCLUDED IN THE ACC457 PROGRAM PACKAGE, 
JANUARY 1 9 7 2 . 

1 1 . MACHINE REQUIREMENTS - 65K CORE, 1 3 1 , 0 0 0 OCTAL LOCATIONS OF 
SCRATCH DRUM, TWO TAPES, CALCOMP 763 PLOTTER FOR PLOTTING OPTIONS. 

1 2 . PRCGPAMMING LANGUAGES USED - FORTRAN V WITH ASSEMBLER LANGUAGE 
USFD FOR TWO MINOR ROUTINES 

1 3 . CPERATING SYSTEM CR MONITOR UNCER WHICH PRCGRAM IS EXECUTED -
CSCX OPERATING SYSTEM, CALCOMP 763 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTIONS -
THF PROGRAM CONSISTS OF 50 SLBROLTINES AND USES AN OVERLAY STRUC
TURE CONSISTING OF A MAIN LINK AND 5 OVERLAY SEGMENTS. 

1 5 . NAME AND ESTABLISHMENT OF AUTHOR -
G. C. SEYBOLD 
REACTCR PHYSICS DEPARTMENT 
BATTELLE-NORTHWEST LABORATORY 
P. 0 . BCX 999 
RICHLAND, WASHINGTON 99352 

1 6 . MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK (3665 CARDS) 
SAMPLE PROBLEM ( 1 7 4 CARDS) 
REFERENCE REPORT, BNWL-1227 AND ACC NOTE 7 2 - 1 6 

1 7 . CATEGORY - 0 
KEYWORDS - PHOTON SPECTRA, LEAST SQUARES. S T A T I S T I C S . L IKELY COOES 
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1 . NAMF OR D E S I G N A T I O N OF PROGRAM - V E L V E T 2 

? . COMPUTER FOR W H I C H PROGRAM I S C E S I G N E D AND C T H E R S UPON WHICH 
I T I S OPERABLF - G E 6 3 5 

3 . D E S C R I P T I O N OF PROBLEM OR F U N C T I O N - V E L V E T 2 SOLVES THE COUPLED 
HFAT T R A N S F E R E Q U A T I O N S I N THE F U E L , GAP, C L A D D I N G , AND COOLANT 
FOP A T R I A N G U L A R - S P A C E D , C L O S E - P A C K E D FUEL ROD BUNDLE W I T H L I Q U I D 
METAL C O O L A N T . THE MODEL I N C L U D E S T E M P E R A T U R E - D E P E N D E N T M A T E R I A L 
P R O P E R T I E S , T U R B U L E N T V E L O C I T Y D I S T R I B U T I O N I N THE C O O L A N T , AND 
C O N T R I B U T I O N S TO COOLANT H E A T TRANSFER BY TURBULENT M I X I N G . 

4 . MFTHCD CF S C L U T I O N - V E L V E T 2 I N T E G R A T E S T H E COUPLEC E Q U A T I O N S I N 
THE F U E L , G A P , C L A D D I N G , AND C C C L A N T . THE G A P , C L A C D I N G , ANO 
CCOLANT EMPLOY A NOCAL MODEL WHICH I S COUPLED TO AN A P P R O X I M A T E 
A N A L Y T I C S O L U T I O N I N THE F U E L . THE V E L O C I T Y F I E L C IS C A L C U L A T E D 
FROM THE MODEL OF I B R A G I M O V , WHICH C O N S I D E R S THE E F F E C T CF THE 
I R R E G U L A R FLOW GEOMETRY CN THE T U R B U L E N T STRUCTURE OF THE FLOW. 
THE EDDY D I F F U S I V I T Y OF HEAT I S ASSUMED TC BE RELATED TC THE EDDY 
D I F F U S I V I T Y OF MOMENTUM THROUGH THE C O R R E L A T I O N OF DWYER, AND THUS 
BECOMES A P C I N T F U N C T I C N I N THE COOLANT CHANNEL ANC D E S C R I B E S 
TURBULENT HEAT TRANSFER I N BOTH THE R A D I A L AND C I R C U M F E R E N T I A L 
D I R E C T I O N S . 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF THE PROBLEM - MAXIMA OF -
1 0 R A C I A L D I V I S I O N S I N THE FUEL 

5 R A D I A L D I V I S I O N S I N THE CLAD 
i n R A D I A L D I V I S I O N S I N THF COOLANT BETWEEN THE OUTER EDGE OF 

THE BUFFER LAYER ANO O N E - H A L F THE P I T C H 
I C C I R C L M F E R E N T I A L D I V I S I O N S 

6 . T Y P I C A L R U N N I N G T I M E - APOUT 5 SECONCS ARE R E Q U I R E D FOR A T Y P I C A L 
P R O B L E M . 

7 . UNUSUAL FEATURES OF T H E PROGRAM -

8 . R E L A T E D AND A U X I L I A R Y PROGRAMS - V E L V E T 2 I S A SECOND G E N E R A T I O N 
V E R S I O N OF THE O R I G I N A L V E L V E T WORK. 

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
G E 6 3 5 V E R S I O N S U B M I T T E D A P R I L 1 9 7 0 . 

1 0 . R E F E R E N C E S - D . J . BENDER AND P . M. M A G E E , TURBULENT HEAT T R A N S F E R 
I N A ROD BUNDLE W I T H L I Q U I D METAL C O O L A N T , G E A P - 1 0 0 5 2 , J U L Y 1 9 6 9 . 

M. K H . I B R A G I M O V , ET A L . , C A L C U L A T I C N S OF THE T A N G E N 
T I A L S T R E S S E S AT THE WALL OF A CHANNEL AND THE V E L O C I T Y D I S T R I B U 
T I O N I N A TURBULENT FLCW OF L I Q U I D , ATCMNAYA E M E R G I Y A , V O L . 2 1 , 
P . I C l , 1 9 6 6 . 

0 . E . D W Y E R , EDDY TRANSPORT I N L I Q U I D - M E T A L HEAT 
T R A N S F E R , A I C H E J O U R N A L , V O L . 9 , P . 2 6 1 . 1 9 6 3 . 

V E L V E T 2 S U B R O U T I N E D E S C R I P T I O N S I N C L U C I N G -
I S E R V E , GE 6 3 5 COMPUTER S E R V I C E F U N C T I C N . 
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1 0 . REFERENCES ( C O N T I N U E D ) 
FSUP AND FSUPC, FORTRAN OUTPUT SUPPRESS FUNCTION. 
FSNOW, SAVE FILE CODE FUNCTICN. 

11. MACHINE REQUIREMENTS - 32K MEMORY 

12. PROGRAMMING LANGUAGE USEO - FORTRAN IV 

13. OPERATING SYSTEM CR MONITOR UNCER WHICH PROGRAM IS EXECUTED -
GECOS. 

1 4 . ANY CTHFB PROGRAMMING OR O P E R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -

1 5 . NAME AND E S T A B L I S H M E N T OF ALTHCBS -
D. J . BENDER AND P . M . MAGEE 
GENERAL E L E C T R I C COMPANY 
BREEDER REACTOR DEVELCPMENT O P E R A T I O N 
S U N N Y V A L E . C A L I F C R N I A 9 4 0 8 6 

1 6 . MATERIAL A V A I L A B L E - MAGNETIC TAPE T R A N S M I T T A L 
SOURCE CECK ( 3 4 8 6 C A R D S ) 
SAMPLE PRORLEM ( 5 1 CARDS) 
REFERENCE R E P O R T , G E A P - 1 0 0 5 2 . AND S U B R O U T I N E D E S C R I P T I O N S 

1 7 . CATEGORY - H 
KFYWGRDS - HEAT T R A N S F E R . F U E L S . C O O L A N T S . L I Q U I D M E T A L S , TEMPERA

TURE D I S T R I B U T I O N . V E L V E T CODES 
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1. NAME OR CESIGNATION OF PROGRAM - D0T2DB 

2. COMPUTER FOB WHICH PROGRAM IS CESIGNEC ANO OTHERS UPON WHICH 
IT IS OPERABLE - GE635 

3. OESCRIPTICN CF PRCBLEM OP FUNCTICN - CCT2D6 SOLVES BOTH THE MUL T I -
GROUP DISCRETE ORDINATES TRANSPORT THECRY AND THE MULTIGRCUP DIF
FUSION THEORY EQUATIONS IN TWO CIMENSIONS. ANISOTROPIC SCATTERING 
OF ANY ORDER LEGENDRE EXPANSION IS ALLOWED IN THE TRANSPORT THEORY 
OPTION. ANISOTROPIC SCATTERING IN THE DIFFUSION THEORY OPTION IS 
TREATED WITH THE TRANSPORT APPROXIMATION. USING THE PI SCATTERING 
MATPIX. WHEN PROVIDED. TC CALCULATE THE TRANSPORT CROSS SECTION. 
OPTIONS INCLUDE SOLUTIONS IN ( X , Y ) . ( R . Z ) , (R. THETA) . AND. IN THE 
DIFFUSION THEORY OPTION. TRIANGULAR GEOMETRIES. BOTH DIREOT AND 
ADJOINT FLUXES MAY RE COMPUTED FOR FIXED VOLUME-0ISTRI BUT EC 
SOURCE. MULTIPLICATION CONSTANT ITERATION, TIMF ABSORPTION ITERA
TION. CONCENTRATION SEARCH, ZONE THICKNESS SEARCH, ANC FIXED 
BOUNDARY SOURCE P R O B L E M S . IN ADDITION TO THE FIXED BOUNDARY 
SCURCE PROBLEM, CPTICNS INCLUCE VACUUM, REFLECTION, PERIODIC ANO 
WHITE BOUNDARY CONDITIONS. CRCSS SECTICNS MAY BE ENTERED FROM 
CARDS OR FROM TAPE IN THE DTF FORMAT. ACTIVITIES FCR ANY "ATERIAL 
IN THE SYSTEM MAY BE OUTPUT BY INTERVAL (OPTIONAL) ANC ZONE. 
OTHER OUTPUT INCLUDES THE INTERVAL FLUXES AND SOURCES AND A REAC
TION SUMMARY TABLE FOR EACH ZONE AND FOR THE SYSTEM. 

4. MFTHOD OF SOLUTION - D0T20B HAS THREE ITERATION LEVELS. THE 
INNERMOST ITERATION LEVEL COMPUTES THE SPATIAL FLUX DISTRIRUTION 
WITHIN AN ENERGY GRCUP. CONVERGENCE AT THIS LEVEL MAY BE ACCEL
ERATED RY EXTRAPOLATION OF THE SCALAR FLUX (AND, IN THE TRANSPORT 
THFCRY OPTICN, THE FLUX MOMENTS) BY AN INPUT FACTOR. THE SECOND 
ITERATION LEVEL COMPUTES THE ENERGY SPECTRUM OF THE FLUX AND THE 
MULTIPLICATION CONSTANT OR TIME ABSORPTION EIGENVALUES. CONVERG-
FNCE AT THIS LEVEL MAY BE ACCELERATEC BY EXTRAPOLATION OF THE 
FISSION SOURCE DISTRIRUTION BY AN INPUT FACTOR. THE OUTERMOST 
ITERATION LEVEL SEARCHES FOR THE MATERIAL CONCENTRATION OR ZONE 
THICKNESS EIGENVALUES OF THE PRCBLEM. 

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM -

6. TYPICAL RUNNING TIME - RUNNING TIME VARIES WIDELY, DEPENDING CN 
THF PROBLEM SIZE ANC THE OPTIONS CHOSEN. AN S6, ONE-GROUP, 10 X 
10 SPATIAL MESH, MULTIPLICATION CCNSTANT ITERATION PROBLEM 
RFOUIRES 212 SECONDS OF COMPUTER PROCFSSgR TIME. THE SAME PROB
LEM IN DIFFUSION THECRY REQUIRES 13 SECONDS. 

7. UNUSUAL FEATURES OF THE PRCGRAM - EITHER DIFFUSION THEORY CB 
TRANSPORT THEORY CALCULATICNS CAN BE PERFORMED WITH A SINGLE CROSS 
SECTION LIRRARY AND IDENTICAL INPUT FCRMAT. THE GENERATION OF 
A LOOSELY CONVERGED PIFFUSION SOLUTION PROVIDES AN INEXPENSIVE 
MFTHCD OF GENERATING A GCOC FLUX GUESS FOR THE TRANSPORT THEORY 
C A L C U L A T I O N , REDUCING OVERALL COMPUTATION TIME CONSIDERABLY. THE 
SOLUTICN IN SOME ENERGY GROUPS CAN BE COMPUTED IN TRANSPORT THECRY 
WITH THF REMAINING GROUPS COMPUTED USING DIFFUSION THEORY. 
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8 . RELATED AND AUXILIARY PROGRAMS - D0T2DP IS A MATING OF THE DIFFU
SION SURROUTINES OF THE BNWL COMPUTER CCDE 2DB (ACC ABSTRACT 325) 
TO THE ORNL TRANSPORT CODE DOT. 

9. STATLS - ABSTRACT FIRST DISTRIBUTED JANUARY 1 9 7 2 . 
GE635 VERSION SUBMITTED APRIL 1 9 7 0 . 

10 . REFERFNCES - R. PROTSIK AND E. G. LEFF, USERS MANUAL FOR D0T2DB, 
A TWO-DIMENSIONAL MULTIGROUP DISCRETE ORDINATES TRANSPORT/DIFFU
SION CODE WITH ANISOTROPIC SCATTERING, GEAP-13537 , SEPTEMBER 1969. 

D0T2DB SUBROUTINE DESCRIPTIONS INCLUCING -
ZERO, TO PROVIDE ZERO RESULT ON DIVISION BY ZERO. 
LIMRTN, TIME LIMIT RETURN SUBROUTINE. 
FSNOW, SAVE FILE CCDE FUNCTION. 
ISERVE. GE 635 COMPUTER SERVICE FUNCTION. 
LINK AND LLINK PROGPAM OVERLAY SUBROUTINES. 

11. MACHINE REQUIREMENTS - 45K MEMORY. 3 TO 8 SCRATCH FILES AND A 
CROSS SECTICN LIBRARY FILE 

1 2 . PROGRAMMING LANGUAGE USEC - FORTRAN IV 

13. OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTEC -
GECOS-IIl. 

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
THREE GE635 SYSTEM SUBROUTINES, ISERVE, MYTIM, AND LIMRTN. ARE 
USED TO DETERMINE WITHIN THE PROGRAM THE AMOUNT OF COMPUTATION 
TIME REMAINING ANO TO RECOVER AND WRAP UP WHEN THE COMPUTATION 
TIME LIMIT IS MET. 

15. NAME AND ESTABLISHMENT CF AUTHORS -
R. PROTSIK AND E. G. LEFF 
GENERAL ELECTRIC COMPANY 
BREEDER REACTCR DEVELCPMENT OPERATION 
SUNNYVALE. CALIFORNIA 94086 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK (5679 CARDS) 
SAMPLE PROBLEM (152 CARCS) 
SAMPLE PROBLEM OUTPUT (174 PAGES) 
REFERENCE REPORT AND SUBROUTINE DESCRIPTIONS 

1 7 . CATEGORY - 0 
KEYWORDS - MULTIGROUP, SN METHOD, DIFFUSION THEORY, 2-01MENSIGNAL, 

ANISOTROPIC SCATTERING, 20B CODES, DOT COOES 
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1 . NAME OR D E S I G N A T I O N CF PROGRAM - L I F E l 

2 . COMPUTER FOR W H I C H PROGRAM I S D E S I G N E D ANO OTHERS UPON WHICH 
I T I S OPERABLE - I R M 3 6 0 

3 . D E S C R I P T I O N OF PROBLEM OP F U N C T I O N - L I F E l I S D E S I G N E D TC P R E D I C T 
THE I N - P I L E B F H A V I O R OF C Y L I N C R I C A L FAST REACTOR FUEL E L E M E N T S . 
A S S U M I N G A X I A L S Y M M E T R Y , THE G E N E R A L I Z E D P L A N E - S T R A I N A N A L Y S I S 
COMBINES MODELS FOR FUEL R E S T R U C T U R I N G , M I G R A T I O N OF FUEL O O N S T I -
T U F N T S , F U E L S W E L L I N G DUE TC A C C U M U L A T I O N CF F I S S I C N P R O C U C T S , 
F I S S I O N GAS P E L F A S E , HOT P R E S S I N G OF THE F U E L , AND CLAD S W E L L I N G 
DUF TO V O I D N U C L E A T I O N AND GROWTH. AN I T E R A T I V E PROCEDURE ALLOWS 
THF CODF TO COMPUTE THE D F T A I L E C THERMAL ANC M E C H A N I C A L RESPONSE 
OF THE FUEL ELEMENT D U R I N G ANY S P E C I F I E O H I S T O R Y CF NORMAL REACTOR 
POWER C Y C L I N G . UP TC 1 0 A X I A L S E C T I C N S ARE ALLCWEC TO ACCOUNT FOR 
V A R I A T I O N S I N POWER AND COOLANT T E M P E R A T U R E , AND AN O P T I C N I S 
I N C L U D E D FOR TREATMENT OF ENCAPSULATED E L E M E N T S . 

4 . MFTHOD OF S O L U T I O N -

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF THE PROBLEM - UP TO TEN A X I A L 
S F C T I O N S ARE ALLOWED TO ACCOUNT FOR A X I A L V A R I A T I O N S I N T H E PCWER 
ANC COOLANT T E M P E R A T U R E . IN THE HEAT TRANSFER C A L C U L A T I O N S , THE 
F U F L ANO CLAD MAY RE D I V I D E D UP I N T O A R B I T R A R Y ( U S E R - S P E C I F I E D ) 
NUMBERS OF EOUAL MASS R A D I A L S E C T I O N S . I N THE S T R E S S - S T R A I N -
S W F L L I N G C A L C U L A T I O N S THE FUEL IS D I V I D E D I N T O THREE C O N C E N T R I C 
R F G I O N S AND THE CLAD I S A S I N G L E R E G I C N . THE M A T E R I A L S P R O P E R 
T I E S , T E M P E R A T U R E S , S T R E S S E S , AND D E F O R M A T I O N S ARE AVERAGED CVER 
EACH OF THESE S T R U C T U R A L R E G I O N S FOR THE S T R E S S C A L C U L A T I O N S . 

6 . T Y P I C A L R U N N I N G T I M E - FOR S T E A D Y - S T A T E RUNS U S I N G TWC A X I A L S E C 
T I O N S , ONE FOP T H F FUEL S E C T I O N AND ONE FOR THE P L E N U M , L I F E l 
R E Q U I R E S 5 TO 6 M I N U T E S . FCP RUNS W I T H V A R Y I N G POWER ANC CCOLANT 
T E M P E R A T U R E H I S T O R Y , THE T I M E R E Q U I R E D D E P E N D S ON THE C C M P L E X I T Y 
CF THE S P E C I F I E D C P E R A T I O N A L H I S T O R Y . THE D E T A I L E D A N A L Y S I S OF AN 
ELEMFNT RUN W I T H A C T U A L E B R - I I O P E R A T I N G C C N D I T I O N S FCR 2 1 / 2 
YEARS R E Q U I R E D 1 1 / 2 HOURS C O M P U T I N G T I M E . FOR MORE THAN TWO 
A X I A L S E C T I O N S , THE R U N N I N G T I M E I S C O R R E S P O N D I N G L Y I N C R E A S E D . 

7 . UNUSUAL FEATURES OF T H E PROGRAM - L I F E l ALLOWS STUDY OF THE 
P F H A V I O R OF F A S T REACTOR F U E L ELEMENTS UNDER V A R Y I N G REACTOR 
O P E R A T I N G C O N D I T I O N S . 

8 . R E L A T E D AND A U X I L I A R Y PRCGRAMS -

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
I B M 3 6 0 V E R S I O N S U B M I T T E D AUGUST 1 9 7 0 . 

1 0 . REFERENCE - V . Z . J A N K U S AND R . W. W E E K S , L I F E - I , A F C R T R A N - I V 
COMPUTER CODE FOR THE P R E D I C T I O N OF F A S T - R E A C T O R F U E L - E L E M E N T 
B E H A V I O R , A N L - 7 7 3 6 , NOVEMBER 1 9 7 0 . 
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11. MACHINE REQUIREMENTS - TO COMPILE THE COMPLETE PRCGRAM ON THE ANL 
IBM360 SYSTEM REQUIRES 472K STORAGE, ANC TO RUN THE PROGRAM 
REQUIRES 170K MAIN STCRAGE. 

12. PROGRAMMING LANGUAGE USEC - FORTRAN IV 

13. OPERATING SYSTEM OR MONITOR UNDER WHICH PRCGRAM IS EXECUTEC -
OS/360. 

14. ANY CTHER PROGRAMMING OR OPERATING INFCRMATICN CR RESTRICTIONS -
A PLCTTING ROUTINE FOR A CALCOMP PLOTTER IS PART OF THE PROGRAM, 
BUT THIS IS NOT WRITTEN UP IN ANL-7736, AND IN THE LIFEl VERSION 
BEING DISTRIBUTED NO POINTS ARE DUMPED FOR PLOTTING. THE SUBROU
TINE TLEFT IS PART OF THE ANL 360 SYSTEM ENVIRONMENT. IT RETURNS 
TO A CALLING PROGRAM THE DIFFERENCE, IN HUNDREDTHS OF A SECCND, 
BETWEEN THE TIME ESTIMATE ON THE JOB CARD AND THE TOTAL ELAPSED 
CPU + VOLUNTARY WAIT TIME. THE FUNCTION IS CALLED WITH ONE DUMMY 
ARGUMENT. THE VALUE RETURNED IS IN SINGLE PRECISION, FLOATING 
PCINT, BINARY. THF VALUE OF THE DUMMY ARGUMENT REMAINS UNCHANGED. 

EXAMPLE X=TLFFT(Y) CAUSES X TO BE SET EQUAL TO THE TIME LEFT, 
AS DESCRIBED. 

15. NAME ANO ESTABLISHMENT CF AUTHORS -
V. Z. JANKUS ANC R. W. WEEKS 
MATERIALS SCIENCE DIVISION 
ARGONNE NATIONAL LABORATORY 
9700 SCUTH CASS AVENUE 
ARGONNE, ILLINOIS 60439 

16. MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK (2966 CARDS) 
SAMPLF PROBLEM (64 CARDS) 
SAMPLE PROBLEM OUTPUT (21 SELECTEC PAGES) 
REFERENCE REPORT 

17. CATEGORY - I 
KEYWORDS - FUEL ELEMENTS, STRESSES, PERFCRMANCE, FAST REACTORS, 

OPERATION, SWELLING, FISSION PRODUCTS, FISSICN GASES 
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1 . NAME OR CESIGNATION OF PROGRAM - EPOCH 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WHICH 
IT IS OPERABLE - CDC6600 

3 . DESCRIPTION OF PROBLEM OR FUNCTICN - EPOCH SOLVES FCR FINE CETAIL 
P-1 FLUX SPECTRA IN SIMPLY BUCKLED MEDIA AND I S ABLE TO CALCULATE 
NEUTRCN AGES FROM THE SPECTRA. IT OBTAINS NUCLEAR CROSS SECTIONS 
FROM THE FNDF/B LIBRARY IGNORING RESCNANCE F ILES ANC IS MCST USE
FUL FCR HIGHER ENERGIES WHERE RESONANT REACTIONS ARE WEAK OR 
ABSENT. THE PRESENT VERSICN READS CNLY VERSION 1 ENOF/B TAPES. 

4 . METHCD OF SOLUTION - THE SLOWING DOWN DESCRIPTION I S PROVIDED BY A 
MATRIX FORMULATION OF GBOUP-TC-GROUP TRANSFER COEFFICIENTS. A 
MATRIX INVERSION ROUTINE I S USEO TO OBTAIN THE SCALAR FLUXES ANO 
CURRENTS USING THE SLOWING-IN SOURCES FROM OTHER GROUPS AND A 
F ISSION SOURCE. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE MAXIMUM 
NUMBER OF GROUPS IS 2 0 0 0 AND THE MAXIMUM NUMBER OF ENCF/B MATER
IALS IS 10 (OR 5 IN AGE CALCULATIONS). THE NUMBER CF CENTER-OF-
MASS ELASTIC SCATTERING MOMENTS REAC FROM ENDF/B MUST BE LESS THAN 
7 . THE RFSONANT CROSS SECTIONS FCR ANY MATERIAL ARE IGNOREC. 

6 . TYPICAL RUNNING TIMF - 7 MINUTES ARE REQUIRED FOR 358 GROUPS AND 
17 MINUTFS FOR 715 GROUPS. 

7 . UNUSUAL FEATURES CF THE PRCGRAM -

fl. RELATED AND AUXILIARY PROGRAMS - EPOCH I S AN EXTENSION CF EMPIR 
ANO 8013 AND INCLUDES PREP AS A SUBPROGR/JM. EPCOH USES THE BETTIS 
ENVIRONMENTAL ROUTINES (ACC ABSTRACT 4 7 6 ) . 

9 . STATLS - ABSTRACT F IRST DISTRIBUTED JANUARY 1 9 7 2 . 
0 0 0 6 6 0 0 VEBSION SUBMITTED JULY 1 9 7 0 . 

LO. REFERENCES - J . D. BUTLER, E . M. GELRARD, E. SCHMIDT, EPOCH A 
PROGRAM TO CALCULATE NEUTRCN AGES USING THE ENDF/B LIBRARY, WAPD-
T M - 8 2 2 , ADDENDUM 1 , MAY 1 9 7 C . 

J . D. BUTLER, E. M. GELBARC, AND E. SCHMIDT, EMPIR, 
A PROGRAM TO SOLVE THE MULTI-GRCUP SLAB TRANSPORT PROBLEM USING 
THE ENDF/B LIBRARY, WAPC-TM-e22, MARCH 1 9 6 9 . 

H. J . AMSTEP ANC L . M. CULPEPPER, THE PREP COOE FOR 
CALCULATING GROUP AND ANGLE TRANSFER CRCSS SECTICNS OF ELASTIC 
SCATTERING FOR THE RDR-5 TRANSPORT CODE ON THE NORC COMPUTER, 
WAPD-TM-117 , FEBRUARY 1 9 5 8 . 

H. C . HONECK, ENDF/B SPECIFICATIONS FCP AN EVALUATED 
NUCLEAR CATA F ILE FOR REACTOR APPLICATIONS, B N L - 5 0 0 6 6 , MAY 1 9 6 6 , 
REVISED JULY 1 9 6 7 . 

0 . J . PFEIFER, CDC-66CC FORTRAN PROGRAMMING - BETTIS 
ENVIRONMENTAL REPCRT, WAPD-TM-668, JANUARY 1 9 6 7 . 
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1 1 . MACHINE RECUIPEMENTS - 140K OCTAL MEMORY ANC 1720K CCTAL EXTENDED 
CORF STORAGE. THE AMOUNT OF EXTENDED CORE STORAGE CAN BE READILY 
RECUCEO FCR MOST PROBLEMS. 

1 2 . PROGRAMMING LANGUAGE USED - FCRTRAN IV 

1 3 . OPFRATING SYSTEM CR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPF 3. 1 . 

1 4 . ANY CTHFR PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
EPOCH USES SEVERAL BETTIS ENVIRONMENTAL ROUTINES, WHICH ARE NOT 
INCLUDED IN THE SCOPE 2.C VERSION. 

1 5 . NAME AND ESTABLISHMENT CF AUTHORS -
J . 0 . BUTLER, E . M. GELBARD, AND E. SCHMIDT 
BETTIS ATCMIC POWER LABORATORY 
WESTINGHOUSE ELECTRIC CCRPCRATION 
P. 0 . BOX 79 
WEST M I F F L I N , PENNSYLVANIA 15122 

1 6 . MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL 

SOURCE DECK ( 3 1 9 2 CARDS) 
SAMPLE PROBLEM (8 CARCS ) 
RFFER'^NCE REPORTS, WAPO-TM-822 ACDENCUM 1 AND WAPD-TM-668 

1 7 . CATEGORY - B 
KEYWORDS - NEUTRONS, AGE, FLUX SPECTRA, SLOWING DOWN, WATER 

REACTORS, EMPIR COOES, BD03 CCDES. PREP CCDES, RDR 
COCES 
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1 . NAME OP D E S I G N A T I O N OF PROGRAM - SPAN4 

2 . COMPUTER FOP W H I C H PROGRAM I S D E S I G N E D AND O T H E R S UPON WHICH 
I T 1S OPERABLE - C D C 6 6 0 0 

3 . D E S C R I P T I O N OF PROBLEM OR F U N C T I O N - SPAN4 C A L C U L A T E S THE FAST 
NFUTRON OOSE R A T E , THERMAL NEUTRCN F L U X , GAMMA-RAY F L U X , DOSE 
R A T E , ANC E N E P G Y - A B S O R P T I O N RATE I N R E C T A N G U L A R , C Y L I N D R I C A L , ANC 
S P H E R I C A L G E O M E T R I E S BY I N T E G R A T I N G A P P R O P R I A T E E X P O N E N T I A L K E R 
N E L S OVER A SOURCE D I S T R I B U T I O N . THE S H I E L C C O N F I G U R A T I O N IS 
F L E X I B L E - A F I R S T - L E V E L S H I E L D M E S H , L S I N G ANY ONE OF THE THREE 
G E O M E T R I E S , I S S P E C I F I E C . R E G I O N S OF T H I S SAME GEOMETRY OR OF 
OTHFR G E O M E T R I E S , H A V I N G T H E I R OWN ( F I N E R ) M E S H E S , MAY THEN BE 
EMBECDED BETWEEN THE F I R S T - L E V E L MESH L I N E S , D E F I N I N G S E C O N D - L E V E L 
S H I E L D M F S H E S . T H I S PROCESS I S T E L E S C O P I C - T H I R C - L E V E L S H I E L D 
MESHES MAY BE EMBEDDED BETWEEN S E C O N D - L E V E L MESH L I N E S I N T U R N . 
ALL MFSHES MAY HAVE V A R I A B L E S P A C I N G . SOURCES AND D E T E C T O R S MAY 
BE LOCATED A R B I T R A R I L Y W I T H RESPECT TC ANY S H I E L D M E S H . THE 
SOURCF I S D E F I N E D BY THE F U N C T I O N -

S = S O + S l ( A ) * S 2 ( B ) * S 3 ( C ) + S 4 ( A , B ) * S 3 ( C ) + S 5 ( A , C ) * S 2 ( B ) + S 6 ( B , C ) 
* S 1 ( A ) + S 7 ( A , B , 0 ) 

WHERE A , B, ANO C R E P R E S E N T C O O R D I N A I E S . I F ANY FACTOR I S M I S S 
I N G . THE C O R R E S P O N D I N G TERMS ARE Z E R C . CROSS S E C T I O N S . B U I L D U P 
F A C T O R S . STANDARD C O M P O S I T I O N S . ENERGY S T R U C T U R E S . C O S E - C O N V E R S ION 
F A C T O R S , ANC I N F I N I T E L I N E S CJRCE KERNELS ARE C O N T A I N E D I N A 
L I B R A R Y . 

4 . METHCD OF S O L U T I O N - ALL KERNELS USED ASSUME E X P O N E N T I A L A T T E N U A 
T I O N . BY RAY T R A C I N G , THE S T R A I G H T - L I N E D I S T A N C E S BETWEEN P C I N T S 
I N THE SOURCE ANO DOSE P O I N T S ARE F O U N D , TO BE LSED I N C A L C U L A T I N G 
THF A T T E N U A T I O N . I N T E G R A L S ARE EVALUATED' BY GAUSS OR LOBATTO 
Q U A D R A T U R E . ACCURACY I S D E P E N D E N T CN THE ACCURACY OF THE L I B R A R Y 
DATA AND ON THE ORDERS OF QUADRATURE U S E D . I N T H E R M A L - N E U T R O N 
F L U X C A L C U L A T I C N S , THE CCSE P O I N T S MUST BE LOOATEC W I T H I N OR 
BEYOND HYDROGENOUS R E G I O N S , S I N C E REMOVAL CRCSS S E C T I O N S ARE U S E C . 

5 . R E S T R I C T I O N S CN THE C O M P L E X I T Y OF THE PROBLEM - D Y N A M I C STORAGE I S 
USEO FOP LARGE BLOCKS OF D A T A . H O W E V E R , THE F O L L C W I N G L I M I T S ARE 
TC BE OBSERVEC - M A X I M A OF -

75 S H I E L D U N I T S 
7 5 C O M P O S I T I O N M A T R I C E S 

9 SOURCES AND CETECTORS 
9 F I E L D - P O I N T L I S T S 

4 5 0 D I F F E R E N T D Y N A M I C A L L Y - S T O R E D A R R A Y S . THE NUMBER OF SUCH 
ARRAYS I S 3 * ( N U M B E R CF S H I E L C UN I T S ) •NUMBER OF C O M P O S I T I O N 
M A T R I C E S + 1 0 * ( N U M B E R CF SCURCES+NUMBER OF C E T E C T O R S ) • N U M B E R 
CF F I E L D P O I N T L I S T S + 1 . 

4 0 0 D I F F E R E N T C C M P C S I T I C N NUMBERS 

2 0 0 MESH L I N E S I N ANY D I R E C T I O N I N ANY S H I E L D U N I T 
3 3 EMBFDCED G E O M E T R I E S I N THE PATH OF ONE RAY 

9 C O M B I N E D F I E L D - P O I N T L I S T S 
3 3 I N T E G R A T I O N S I N ONE CASE 
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5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF THE PROBLEM ( C O N T I N U E C ) 

1 5 C E C A Y - T I M E S L I S T S 
2 0 0 0 I T E M S I N ANY ONE DATA G R O U P , EXCEPT SOURCE STRENGTHS 
2 0 0 0 PRODUCT OF THE ORDERS OF THE THREE QUADRATURE NUMBERS 

MAXIMUM A D D I T I O N S TO THE L I B R A R Y -
1 0 1 6 CROSS S E C T I O N DATA E N T R I E S CR 3 2 NEW ELEMENTS 
1 0 6 0 C O M P O S I T I O N DATA E N T R I E S OR 2 7 9 C O M P O S I T I O N S 

1 9 0 E N E R G Y - S T R U C T U R E DATA E N T R I E S OR 1 9 ENERGY STRUCTURES 
3 5 0 B U I L D U P - F A C T O R DATA E N T R I E S OR 3 NEW B U I L D U P - F A C T O R 

M A T E R I A L S 

6 . T Y P I C A L RUNNING T I M E - A C O N S E R V A T I V E E S T I M A T E CF THE COMPUTER 
T I M E REQUIRED FOR A RUN I S G I V E N BY -

T ( S E C ) = 2 5 + ( 0 . 0 P 0 4 2 * N G * N I + 0 . 1 « ( E - 1 ) + 0 . 0 2 * N C ) * N F 
WHERE NG I S THE PRODUCT OF THE ORDERS OF THE QUADRATURES USED IN 
I N T E G R A T I N G OVER THE SOURCE VOLUME, N l I S THE NUMBER OF MESH L I N E S 
CROSSED I N R A Y - T R A C I N G FROM A T Y P I C A L GAUSS P O I N T TO A T Y P I C A L 
F I E L D P O I N T , NF I S THE NUMBER CF F I E L D P O I N T S I N THE R U N , E I S THE 
NUMBER OF ENERGY LEVELS I N THE ENERGY S T R U C T U R E , AND NC I S THE 
NUMBFP OF D I F F E R E N T C C M P O S I T I O N S . 

7 . UNUSUAL FEATURES OF THE PROGRAM - THE EXTREME F L E X I B I L I T Y OF THE 
S H I E L D GEOMETRY O P T I O N S ALLOWS NEARLY EXACT R E P R E S E N T A T I O N S OF 
VERY COMPLEX R E A C T O R S , S H I E L D S , ANO REACTOR COMPARTMENT S I T U A 
T I O N S . COMPLEX REACTORS AND OTHER D E V I C E S ARE REPRESENTED BY 
EMBEDDING P O R T I O N S OF CNE GEOMETRY I N ANOTHER AS F O L L O W S . 

A B A S I C GEOMETRY ( R E C T A N G U L A R , C Y L I N D R I C A L , OR S P H E R I C A L ) I S 
D E F I N E D FOR THE S H I E L C C O N F I G U R A T I O N , AND I S USED TO S P E C I F Y THE 
M F S H L I N E S I N THE F I R S T - L E V E L S H I E L D U N I T . THE F I R S T - L E V E L SHIELD 
USUALLY ENCOMPASSES ALL OF THE S H I E L D S AND COMPONENTS WHICH ARE TO 
RF RFPRESENTED I N THE PRCRLEM. AFTER THE F I R S T - L E V E L S H I E L D U N I T 
HAS BFEN S P E C I F I E D , NEW S H I F L D U N I T S MAY BF D E F I N E D ( U S I N G A D I F 
FERENT GECMETRY THAN THE F I R S T - L E V E L S H I E L D I F D E S I R E D ) , AND POR-
TION<: OF THESE NEW S H I F L D U M T S MAY BE EMBEDDED BETWEEN THE MESH-
L I N E S OF THE F I R S T - L E V E L S H I E L D U N I T . THESE NEW S H I E L D U N I T S 
RFCCME S E C O N D - L E V E L S H I E L D S . 

THF EMBEDDING PROCESS I S T E L E S C O P I C , SUCH THAT T H I R D - L E V E L 
S H I E L D U M T S MAY BE D E F I N E D AND EMBEDDED I N THF S E C C N D - L E V E L 
S H I F L D U N I T S . AND EACH NEW LEVEL CF S H I E L D GEOMETRY IS EMBEDDED IN 
THF NEXT L3WEP L E V E L . THE M E S H L I N E S WHICH ARE S P E C I F I E C I N EACH 
S H I E L D MAY HAVE V A R I A B L E S P A C I N G . 

EACH CELL FORMED BY THE M E S H L I N E S CF EACH S H I E L C U N I T MAY THEN 
BF S P E C I F I E D TO C O N T A I N F I T H E R A C O M P O S I T I O N ( T H A T I S V O I D , E L E 
MENT, COMPOUND, OR M I X T U R E ) CR A C E L L - S H A P E D P O R T I O N OF A H I G H E R -
OROER S H I E L D U N I T . THE H I G H E S T - O R D E R S H I E L D U N I T ( S ) I N A PRCBLEM 
W I L L THEREFORE HAVE A C O M P O S I T I O N I N EVERY C E L L . 

M U L T I P L E SCURCFS ANC CFTECTCPS ARE ALLCWEC, THUS S I M P L I F Y I N G 
SOMF TYPES OF S T U D I E S . N I N E SOURCE AND DETECTOR G E O M E T R I E S MAY 
BE C E F I N F O I N A SPAN4 P R C B L E M , AND A G A I N THE G E O M E T R I E S MAY BE 
Ri^CTANGULAR, C Y L I N D R I C A L , CR S P H E R I C A L . SOURCES ANC CETECTORS MAY 
BF LOCATEO A R B I T R A R I L Y W I T H RESPECT TO ANY S H I E L D U N I T , AND THE 
R F G I C N S CF I N T F G R A T I C N (CR D E T E C T O R S ) OVER W H I C H THE F L U X , DOSE 
R A T E , OR F N E R C Y - A B S C R P T I C N RATE ARE CALCULATED MAY BE P A R T S OF 
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7 . UNUSUAL FEATURES OF THE PROGRAM ( C O N T I N L E D ) 
RECTANGULAR S C L I D S , PARTS CF C Y L I N D E R S , OR P A R T S OF S P H E R E S . 

THE ENERGY OUTPUT OR P A R T I C L E E M I S S I O N CF EACH SCURCE IS 
D E S C R I B E C BY A GENERAL T W E E - D I M E N S I O N A L D I S T R I B U T I O N F U N C T I O N . 
THF G E N E R A L I T Y OF THE F U N C T I C N R E Q U I R E S THAT THE INTEGRAL BE E S T I 
MATED BY MEANS OF GAUSS OR LOBATTO Q U A D R A T U R E S . 

8 . R E L A T E D AND A U X I L I A R Y PROGRAMS - SPAN4 IS AN E X T E N S I O N O F , AND 
S U P E R C E D E S , S P A N 3 . SPAN4 USES THE B E T T I S E N V I R O N M E N T A L R O U T I N E S 
(ACC ARSTPACT 4 7 8 ) . 

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
0 0 0 6 6 0 0 V E R S I O N S U B M I T T E D SEPTEMBER 1 9 7 0 . 

1 0 . R E F E R F N C E S - 0 . J . W A L L A C E , S P A N - 4 - A P O I N T - K E R N E L COMPUTER P R O 
GRAM FOB S H I E L D I N G , W A P D - T M - 8 0 9 , DECEMBER 1 9 6 9 . 

0 . J . P F E I F E R , C C C - 6 6 0 0 FCRTPAN PROGRAMMING - B E T T I S 
E N V I R O N M E N T A L R E P O R T , W A P D - T M - 6 6 e , JANUARY 1 9 6 7 . 

W. H . G U I L I N G E R , N . 0 . COCK, AND P . A . G I L L I S , S P A N - 3 
A S H I E L D D E S I G N PROGPAM FOR THE P H I L C 0 - 2 0 0 0 C O M P U T E P , W A P D - T M - 2 3 5 , 
FEBRUARY 1 9 6 2 . 

C C N T R O l CATA 6 4 0 0 / 6 5 0 0 / 6 6 0 0 COMPUTER SYSTEMS SCOPE 
3 . 1 R E F E R E N C E M A N U A L , P U B L . N O . 6 0 1 8 9 4 0 0 A , FEBRUARY 1 9 6 8 . 

1 1 . MACHINE R E Q U I R E M E N T S - 6 4 K CENTRAL MEMORY ANC ONE SYSTEM D I S K . 
M I C R O F I L M I S R E O U I R F D I F THE PLCT C P T I C N S ARE TC BE U S E C . 

1 2 . PROGRAMMING LANGUAGES USED - FCRTRAN I V ANC ASCENT 

1 3 . O P E R A T I N G SYSTEM OR MONITOR UNDER WHICH PROGRAM I S E X E C U T E D -
SCOPF 3 . 1 . 

1 4 . ANY OTHER PROGRAMMING OR O P E R A T I N G I N F O R M A T I O N OR R F S T R I C T I C N S -
SPAN4 I S STRUCTURED I N T O D I S T I N C T PARTS W H I C H ARE LOADED I N T O 
CENTRAL MEMORY AS R E Q U I R E D . THESE PARTS ARE REFERRED TO AS O V E R 
LAYS AS C F S C R I B E C I N R E F E R E N C E 4 . E S S E N T I A L L Y AN OVERLAY R E P R E 
SENTS THE AMOUNT CF PROGRAM TEXT I N CENTRAL MEMORY. W I T H OVERLAY 
L O A D I N G , THE M A I N O V E R L A Y I S ALWAYS I N MEMCRY, A N D , I N A D D I T I O N , A 
P A R T I C U L A R PRIMARY AND ONE SECONDARY OVERLAY MAY ALSO BE I N C E N 
TRAL MEMCRY. SPAN4 C O N T A I N S A M A I N O V E R L A Y , 5 PRIMARY O V E R L A Y S , 
ANO 2 SECONDARY O V E R L A Y S . OVERALL PROGRAM CONTROL I S V E S T E D I N 
THF M A I N CVFRLAY ANC THE P R I M A R Y ANC SECONDARY O V E R L A Y S ARE LOADED 
AND F X E C U T E D THROUGH THE USE CF THE NEXT S U B R O U T I N E D E S C R I B E D I N 
REFERENCE 2 . 

1 5 . NAME ANO E S T A B L I S H M E N T OF AUTHCR -
0 . J . WALLACE 
BETTIS ATOMIC POWER LABORATORY 
WESTINGHOUSE ELECTRIC CCRPCRATION 
P. 0. BOX 7 9 
WEST MIFFLIN, PENNSYLVANIA 15122 
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1 6 . MATERIAL A V A I L A B L E - R E S T R I C T E D C I S T R I B U T I O N 
MAGNFTIC TAPE T R A N S M I T T A L 

SOURCF DECK ( 2 0 , 8 8 1 C A R D S ) 
SAMPLF PROBLEM ( 4 6 2 C A R C S ) 
REFERENCE R E P O R T S , W A P D - T M - B t 9 AND W A P D - T M - 6 6 8 

1 7 . CATEGORY - J 
KEYWORDS - DOSF RATES, SHIELDING DESIGN, GAMMA RADIATION, SPAN3 

COOES 
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1 . NAME OR C E S I G N A T I O N OF PROGRAM - 3DDT 

2 . COMPUTER FOR WHICH PRCGRAM I S C E S I G N E C ANC CTHERS UPON W H I C H 
I T I S O P E R A B L E - C D C 6 6 0 O 

3 . D E S C R I P T I O N OF PROBLEM CR F U N C T I C N - 3CCT I S A T H R E E - D I M E N S I O N A L 
( X - Y - Z OR R - T H E T A - Z I M U L T I G R C U P D I F F U S I O N THEORY CODE FOR USE I N 
FAST REACTOR A N A L Y S I S . T H E CCDE CAN BE USED TQ COMPUTE KEFF OR 
TO PERFORM C R I T I C A L I T Y SEARCHES CN PEACTOR C C M P O S I T I O N , T I M E A B 
S O R P T I O N , AND REACTPR D I M E N S I O N S BY E I T H E R THE REGULAR OR THE A D 
J C I N T FLUX E Q U A T I O N S . M A T E R I A L BURNUP AND F I S S I O N PRODUCT B U I L D 
UP CAN RE COMPUTED FCR S P E C I F I E C T I M E I N T E R V A L S , AND C R I T I C A L I T Y 
SEARCHFS CAN BE PERFORMED D U R I N G BURNUP TO COMPENSATE FOR FUEL 
D F P L F T I C N AND F I S S I C N PRODUCT GROWTH. 

4 . METHCD CF S O L U T I O N - STANDARD S O U R C E - I T E R A T I ON T E C H N I Q U E S ARE USEO 
TO COMPUTE E I G E N V A L U E S AND FLUX P R O F I L E S . U S I N G AN I N I T I A L F I S 
S I O N SOURCF D I S T R I B U T I O N , NEW F L L X P R O F I L E S I N EACH GRCUP ARE 
S E Q U E N T I A L L Y C O M P U T E D , B E G I N N I N G I N THE H I G H E S T ENERGY GROUP I N 
REGULAR PROBLEMS AND I N THE LCWEST ENERGY GRCUP I N A D J O I N T P R O B 
L E M S . THE GROUP F L U X E S APE COMPUTED BY H O R I Z O N T A L ( R - T H E T A OR 
X - Y ) P L A N E S , B E G I N N I N G W I T H THE PLANE AT THE LOWERMOST A X I A L P O S I 
T I O N . CONVERGENCE I S ACCELERATEC BY GRCUP R E B A L A N C I N G , S U C C E S S I V E 
D V F R R E L A X A T I O N , AND L I N E I N V E R S I O N . M A T E R I A L BURNUP I S COMPUTED 
U S I N G Z O N E - ANO G R O U P - A V E R A G E C CROSS S E C T I O N S W H I C H ARE RECOMPUTED 
AFTER EACH T I M E - S T E P . THE BURNUP E Q U A T I O N FCR EACH M A T E R I A L I N 
EACH ZONE P P O V I D E S FOR ONE DECAY S O U R C E , TWO CAPTURE S O U R C E S , 
SEVEN F I S S I O N S O U R C E S , AND LOSSES BY DECAY AND A B S O R P T I O N . 

5 . R F S T R I C T I C N S ON THE C O M P L E X I T Y OF THE PROBLEM - S I N C E V A R I A B L E 
D I M F N S I O N I N G I S U S F D , NO S I M P L E R E S T R I C T I O N S CAN BE PLACED ON 
I N D I V I D U A L COMPONENTS OF THE P R O B L E M . HCWEVER, A 1 6 - G R O U P PROBLEM 
C O N T A I N I N G 30 X 3 0 X 3 0 MESH P O I N T S ANC 8 0 ZONES CAN BE ACCOMMO
DATED PN A 6 5 K C O M P U T E R . U P S C A T T E P I N G IS NOT TREATEC I N 3 C C T . 

6 . T Y P I C A L R U N N I N G T I M E - E X E C U T I O N T I M E S ARE ON THE ORDER OF . 0 1 TO 
. 0 2 SECONDS OF CP T I M E PER MESH P O I N T PER ENERGY GROUP ON THE 
C D C 6 6 0 0 . A 2 - G R O U P PRORLEM U S I N G A 20 X 2 0 X 2 0 MESH WOULD R E 
Q U I R E 2 . 7 TO 5 . 3 M I N U T E S OF CP T I M E . THE LOW E S T I M A T E A P P L I E S TO 
A KEFF C A L C U L A T I O N , AND THE H I G H E S T I M A T E A P P L I E S TO AN I M P L I C I T 
E I G E N V A L U E SEARCH C A L C U L A T I O N . EACH S L C C E S S I V E BURNUP I N T E R V A L 
R E Q U I R E S ABOUT O N E - H A L F OF THE ABOVE T I M E S . I T I S EXPECTED THAT 
THE R U N N I N G T I M E W I L L I N C R E A S E MORE THAN L I N E A R L Y W I T H THE NUMBER 
OF ENERGY G R O U P S , E S P E C I A L L Y I F THE O O W N S C A T T E R I N G M A T R I X I S 
R E L A T I V E L Y F U L L . 

7 . UNUSUAL F E A T U R E S OF THE PROGRAM - V A R I A B L E D I M E N S I O N I N G I S USEO 
TO MAKE MAXIMUM USE OF F A S T CORE S T C R A G E . BOTH EXTENDED CORE 
STORAGE ( E C S I ANO D I S K STORAGE ARE U T I L I Z E D I N 3 0 0 T . F O U R -
C I M E N S I C N A L FLUX ARRAYS ARE STORED ON THE D I S K U S I N G TAPE F I L E 
S I M U L A T I O N , T H R E E - D I M E N S I O N A L FLUX ARRAYS ARE STOREC I N ECS U S I N G 
RANDOM A C C E S S , AND T W O - D I M E N S I O N A L FLUX ARRAYS ARE STORED I N C E N -
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7 . UNUSUAL FEATURES OF THE PROGRAM ( C O N T I N U E D ) 
TRAL MEMORY. T H U S , CENTRAL MEMORY STORAGE R E Q U I R E M E N T S ARE I N S E N 
S I T I V E TO THE NUMBER OF ENERGY GROUPS ANC THE NUMBER OF A X I A L MESH 
P O I N T S . BECAUSE OF THE MANNER I N WHICH ARRAYS ARE S T O R E D , VERY 
LARGE T W O - D I M E N S I O N A L PROBLEMS CAN BE RUN ON A 65K C O M P U T E R . 

8 . RELATED ANC A U X I L I A R Y PRCGRAMS - 3DDT I S AN E X T E N S I O N TC THREE 
SPACE D I M E N S I O N S OF THE T W C - C IMENS lONAL 2DB CODE (ACC ABSTRACT 
3 2 5 ) . THF G E N E R A L I Z E D I N P U T S U B R O U T I N E S USEC FOR R E A D I N G CATA IN 
THE D T F 4 CODE (ACC ABSTRACT 2 0 9 1 ARE ALSC USED I N 3 D D T . 

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
0 0 0 6 6 0 0 V E R S I O N S U B M I T T E D SEPTEMBER 1 9 7 0 . 

1 0 . REFERENCES - JOHN C . V I G I L , 3DDT A T H R E E - D I M E N S I O N A L MULTIGROUP 
D I F F U S I O N - B U R N U P PROGRAM, L A - 4 3 9 6 , FEBRLARY 1 9 7 0 . 

RANDOM ECS I / O , LASL N O T E , J U L Y 1 0 , 1 9 6 9 . 
W. W. L I T T L E , J R . AND P . W. H A R C I E , 2CB USERS MANUAL, 

B N W L - 8 3 1 , R E V . 1 , FEBRUARY 1 9 6 9 . 
K. D . L A T H R O P , C T F - I V , A F O R T R A N - I V PROGRAM FOR 

SOLVING THE M U L T I G R C U P TRANSPORT E Q U A T I O N W I T H A N I S O T R O P I C SCAT
T E P I N G , L A - 3 3 7 3 , JULY 1 5 , 1 9 6 5 . 

1 1 . MACHINE REQUIREMENTS - CDC 6 6 0 0 CCMPUTEP W I T H 6 5 K FAST CENTRAL 
MEMCRY, SO^iK E C S , 6 , 0 O 0 K D I S K (FOUR TAPE F I L E S ARE S I M U L A T E D ON 
THE D I S K ) , TWO MAGNETIC TAPE U N I T S , ANC THE USUAL I N P U T / O U T P U T 
D E V I C E S . 

! 2 . PROGRAMMING LANGUAGE USED - FCRTRAN I V 

1 3 . C P F R A T I N G SYSTEM CR M C M T O R UNDER W H I C H PRCGRAM I S EXECUTED -
SCOPE 3 . 2 . 

1 4 . ANY CTHFP PROGRAMMING CR O P E R A T I N G I N F C R M A T I O N OR R E S T R I C T I O N S -
3nDT USES FOUR LASL ECS SYSTEM R O U T I N E S - E C R D , TO F E T C H A VECTOR 
FRCM P C S , ECWR, TO STORE A VECTOR I N E C S , AND E C F L , TO REDUCE THE 
FCS BLOCK STORAGE R E Q U I R E M E N T . 

1 5 . NAME ANC ESTABLISHMENT OF AUTHOR -
JOHN C . V I G I L 
LOS ALAMOS SCIENTIFIC LABORATORY 
P. 0. BOX 1663 
LOS ALAMOS, NEW M E X I C O 8 7 5 4 4 

1 6 . MATFRIAL A V A I L A B L E - M A G N E T I C TAPE T R A N S M I T T A L 
SOURCF CFCK ( 4 4 0 6 C A R D S ) 
SAMPLE PRPBLEM ( 7 6 CARDS) 
REFERENCE R E P O R T , L A - 4 3 9 6 , AND NCTE 

1 7 . CATEGORY - 0 

KEYWORDS - 3 - D I M E N S I O N A L , D I F F U S I O N T H E O R Y , X - Y - Z , R - T H E T A - Z , 
R E A C T I V I T Y , M U L T I G R O U P , C R I T I C A L I T Y S E A R C H E S , 2 0 6 
C O O E S . D T F 4 CCDES 
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1. NAME OR DESIGNATION OF PROGPAM - DYNOl 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLF - C0C660P. IBM360 

3. DESCRIPTION OF PROBLEM OF FUNCTION - DYNOl CALCULATES THE DISTRI
BUTION OF ELECTRONS THAT ARE EMITTEC FPOM A PHOTOMULTIPLIER 
COMPOSED OF A SERIES OF DYNCDES. 

4. MFTHOD OF SOLUTION - ONE ELECTRON IMPINGING UPON A PHOTOMULTIPL lER 
PRODUCES AN OUTPUT PF MANY ELECTRONS. THIS OUTPUT CAN BE 
CESCRIRED STATISTICALLY BY USE OF GENERATING FUNCTIONS. THE OUT
PUT FROM EACH OYNOOF IS ASSUMED TO HAVE A POLYA DISTRIBUTION. THE 
PROCEDURE FOLLOWED IS THE SAME AS THAT FIRST DESCRIBED FOR UNIFORM 
DYNODES PY J. R. PRESCCTT CF THE UNIVERSITY OF ALBERTA (REFERENCE 
2 ) , EMPLOYING A RECURSION RELATIONSHIP FCR THE PROBABILITY DISTRI
BUTIONS. 

5. RESTRICTIONS ON THE CCMPLEXITY CF THE PROBLEM - MAXIMA CF -
4 STACES 

10,000 ELECTRONS FOR WHICH PROBABILITIES WILL BE CALCULATED 

6. T Y P K A L PUNNING TIME - RUNNING TIME IS HIGHLY DEPENDENT CN THE 
NUMBER OF ELECTRON CALCULATICNS DESIRED AND THE CONVERGENCE 
CRITFRION SPECIFIED. A 4-STAGE, SOOO ELECTRON PRCBLEM WITH A 
CONVERGENCE CRITERION OF l.E-9 REQUIRES ABOUT 10 SECONDS. MOST 
CASES SHOULD RUN IN LESS THAN 1 MINLTE. 

7. UNUSUAL FEATURES OF THE PROGRAM - APPLICATION OF PRESCOTTS FORMULA 
TO A SERIFS PF NON-UNIFORM DYNODES. 

8. RELATED AND AUXILIARY PROGRAMS -

9. STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972. 
0 0 0 6 6 0 0 V E R S I O N S U B M I T T E D OCTOBER 1 9 7 0 . 
I B M 3 6 0 V E R S I O N S U B M I T T E D NOVEMBER 1 9 7 1 , SAMPLE PROBLEM 

EXECUTED BY ACC . 

1 0 . R E F E R E N C E S - J . E . EDWARDS AND J . F . M C C A R T H Y , C Y N O l A PROGRAM TO 
COMPUTE THE D I S T R I B U T I O N OF SECONDARY E L E C T R O N S I N P H O T O -
M U L T I P L I E R S , K A P L - M - 6 5 7 5 , SEPTEMBER 2 1 , 1 9 6 6 . 

J . R. P R E S C O T T , A S T A T I S T I C A L MODEL FOR P H C T O M U L T I -
P L I E P S I N G L E - E L E C T R O N S T A T I S T I C S , NUCLEAR I N S T R U M E N T S AND M E T H O D S , 
V O L . 3 9 , P P . 1 7 3 - 1 7 9 , 1 9 6 6 . 

1 1 . M A C H I N E R E Q U I R E M E N T S - ABOUT 4 5 , 0 0 0 WORDS OF MEMORY 

1 2 . PROGRAMMING LANGUAGE USFD - FORTRAN I V 

1 3 . O P E R A T I N G S Y S T E M CR MONITOR UNCER W H I C H PROGRAM I S EXECUTED -
SCOPE ( C D C 6 6 0 0 ) AND O S / 3 6 0 ( I B M 3 6 0 ) . 
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14. ANY CTHFR PROGRAMMING OR OPERATING INFCRMATICN OR RESTRICTIONS -

15. NAME ANO ESTABLISHMENT OF AUTHCRS -
6600 J. E. EDWARDS AND J. F. MCCARTHY 

KNOLLS ATOMIC POWER LABORATORY 
GENERAL ELECTRIC COMPANY 
BOX 1072 
SCHENECTADY, NEW YORK 12301 

360 P. A. HENLINE 
ARGONNE CODE CENTER 
ARGONNE NATIONAL LABORATORY 
ARGONNE, ILLINOIS 60439 

16 . MATERIAL AVAILABLE - RESTRICTED CISTRIBUTION 
SOURCF DECKS ( 6 6 0 0 - 1 5 7 CARDS, 3 6 0 - 1 6 1 CARDS) 
SAMPLE PROBLEMS ( 6 6 0 0 - 5 CARDS, 3 6 0 - 7 CARDS) 
REFERFNCE REPORT, KAPL-M-6575 

1 7 . CATEGORY - P 
KEYWCRDS - STAT IST ICS , PHOTOMULTIPLIERS, ELECTRONS 
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1 . NAME OR C E S I G N A T I O N OF PROGRAM - A V R A G E 3 / A V R A G E 4 / S 1 G M A 2 / A D L E R 

2 . COMPUTER FOR WHICH PROGRAM I S D E S I G N E D ANO OTHERS UPON WHICH 
I T I S O P F R A R L E - C D C 6 6 0 0 

3 . D E S C R I P T I O N OF PRORLEM OR F L N C T I C N - AVRAGE3 C A L C U L A T E S AVEBAGE 
CATA OF THE U N R E S O L V E D PARAMETERS OF F I L E 2 OF E N D F / B V E R S I O N I I 
D A T A . 

AVRAGE4 C A L C U L A T E S AVERAGE S C A T T E P I N G , C A P T U R E , ANC F I S S I O N 
CRCSS S E C T I O N S FROM S - , P - , AND D-WAVE DATA OF THE UNRESOLVED 
PARAMETERS OF F I L E 2 OF E N D F / B V E R S I O N I I C A T A . 

S I G M A 2 C A L C U L A T E S THE S C A T T E R I N G , C A P T U R E , F I S S I O N , AND 
TOTAL CROSS S E C T I O N S FRCM RESOLVED RESCNANCE PARAMETER DATA OF 
F I L E 2 PF F N D F / B V E R S I O N I I D A T A . S C A T T E R I N G CROSS S E C T I C N S MAY 
BF O A L C U L A T F C W I T H OR W I T H O U T L E V E L - L E V E L I N T E R F E R E N C E . P R O V I S I O N 
I S ALSO MADE TO N U M E R I C A L L Y C O P P L E R - B R O A t EN ANY OF THE CROSS S E C 
T I O N S . 

ADLER C A L C U L A T E S T O T A L , CAPTURE AND F I S S I O N CROSS S E C T I O N S 
FROM THE C O R R E S P O N D I N G A D L E P - A D L E R PARAMETERS I N THE E N C F / R F I L E 2 
V E R S I O N I I OATA AND ALSO D O P P L E R - B R C A O E N S CRCSS S E C T I O N S . 

4 . METHCD CF S O L U T I O N - AVRAGE3 ANC AVRAGE4 USE THE THEORY OF A V E R 
AGE CROSS S E C T I O N S DUE TO LANE AND L Y N N . 

S I G M A 2 USES THE M U L T I L E V E L B R E I T - W I G N E R F O R M U L A . 
ADLER USES THE A D L E R - A D L E R F O R M A L I S M . 

5. RESTRI 
AVRAGF 
VALUES 
INELAS 
TIONS. 
AND IT 
TRIBUT 

S 
MAXIMU 
THEY F 
GIVEN 
OF AN 
CALCUL 
STORED 
WITH A 

S 

CTICNS ON THE 
4 C A L C U L A T E A 

I N THF UNRES 
T I C S C A T T E R I N 

MAXIMUM NU 
5 W I D T H FLUCT 
I O N S . MAXIMU 
I G M A 2 AND ADL 
M CF 1 0 ISOTO 
URTHER ASSUME 
FOR ONE ENERG 
E L E M E N T . THE 
ATED CAN BE V 

AN I N C R E A S E 
NY STORAGE RF 
I G M A 2 R E S T R I C 

COMPLEX I 
VERAGE CR 
O L V F D REG 
G ANC CAL 
= 4 . AVR 
U A T I O N AN 
M NU = 4 . 
ER CAN EA 
PES W I T H 

THAT THE 
Y RANGE W 

MESH P O I 
A R I E D . S 

I N THE N 
Q U I R E M E N T 
TS THE L 

TY OF THE PROBLEM - AVRAGE3 ANO 

CSS S E C T I O N S FCR UP TO 1 0 0 ENERGY 

I C N . AVRAGE3 DOES NOT ALLOW FOR 

CULATES ONLY S - AND P-WAVE C O N T R I B U -

AGE4 ALLCWS F O f I N E L A S T I C S C A T T E R I N G 

D C A L C U L A T E S S - , P - , AND D-WAVE C O N 

CH HANDLE RESCNANCE CATA UP TC A 

A T O T A L NUMBER OF 5 0 0 R E S O N A N C E S . 

RESCLVEC RESCNANCE PARAMETERS ARE 
H I C H I S THE SAME FOR ALL THE I S O T C P E S 
NTS AT W H I C H THE CROSS S E C T I O N S ARE 
I N C E THE C A L C U L A T E D DATA ARE NOT 
UMBER OF MESH P O I N T S DOES NCT C C N F L I C T 

VALUE TO 5 OR L E S S . 

T Y P I C A L R U N N I N G T I M E - AN AVRAGE3 RUN C A L C U L A T I N G S - AND P-WAVE 
C O N T R I B U T I O N S TO AVERAGE S C A T T E R I N G , C A P T U R E , AND F I S S I C N CROSS 
S E C T I C N S OF P U - 2 3 9 AT 16 ENERGY P O I N T S AND S - ANO P -WAVE C O N T R I B U 
T I O N S TO AVERAGE S C A T T E R I N G AT CAPTURE CROSS S E C T I O N OF U - 2 3 8 AT 
I C P ENERGY P O I N T S R E Q U I R E S 5 SECONDS CF CP T I M E . 

AN AVRAGE4 RUN C A L C U L A T I N G S - ANC P - W A V E C O N T R I B U T I O N S TO 
AVERAGE S C A T T E R I N G , C A P T U R E , ANC F I S S I C N CROSS S E C T I O N S OF P U - 2 3 9 
AT 1 6 ENERGY P O I N T S AND S - AND P -WAVE C O N T R I B U T I O N S TO AVERAGE 
S C A T T E R I N G ANC C A P T U R E CROSS S E C T I O N OF U - 2 3 8 AT 1 9 ENERGY P O I N T S 
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6 . T Y P I C A L R U N N I N G T I M E ( C O N T I N U E D ) 
R E Q L I R F S 3 . 5 SECONDS CF CP T I M E . 

S I G M A 2 M O N O I S O T O P I C MANGANESE CROSS S E C T I O N S CALCULATED FROM 
RESCNANCE DATA W I T H 2 7 RESONANCES ANC 2 0 MESH P O I N T S BETWEEN THE 
P O S I T I V E ENERGY RESONANCE, R E Q U I R E S ABOUT 1 4 SECONCS OF CP T I M E . 

ADLER C A L C U L A T I O N S OF CROSS S E C T I O N S OF ONE I S C T O P E WITH 37 
RESONANCES AND 20 MESH P C I N T S BETWEEN RESONANCES R E Q U I R E S 2 1 
SECONDS WITHOUT DOPPLER B R O A D E N I N G AND 2 0 9 SECONDS W I T H DOPPLER 
B R O A D E N I N G . 

7 . UNUSUAL FEATURES OF THE PRCGPAM - AVRAGE3 ANC AVRAGE4 CAN ALLOW 
FCR CI '=FERENT DEGREES OF FREEDOM FOR F I S S I O N WIDTH D I S T R I B U T I O N OF 
RESONANCES CF D I F F E R E N T S P I N S . 

THF S I G M A 2 DOPPLER BROADENING I S D E S I G N E D TO HANDLE S I T U A 
T I O N S WHERE THE F I N E STRUCTURE OF THE CROSS S E C T I O N I S R A P I D L Y 
V A R Y I N G . 

8 . RELATED AND A U X I L I A R Y PROGRAMS - S I G M A 2 I S A M O D I F I E D V E R S I O N OF 
S I G P L O T (ACC ARSTRACT 3 7 7 ) TC HANDLE V E R S I O N I I C A T A . 

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
C D C 6 6 0 0 V E R S I C N S U B M I T T E D OCTOBER 1 9 7 0 , REPLACED BY 

R E V I S E D V E R S I O N DECEMBER 1 9 7 1 . 

1 0 . REFERENCES - M. R. B H A T , E N C F / B P R O C E S S I N G CODES FOR THE RESONANCE 
R F G I O N , R N L - 5 r 2 9 6 ( E N D F - 1 4 8 ) , JUNE 1 9 7 1 . 

A . M . LANE AND J . E . L Y N N , P R O C . P H Y S . SOC. A 7 C , 
5 5 7 , 1 9 5 7 . 

K . GREGSON, M . F . J A M E S , AND D . S . N O R T O N , MLBW 
A M U L T I - L E V E L B R E I T - W I G N E R COMPUTER PROGRAM, A E E W - M 5 1 7 , 1 9 6 5 . 

D . B. ADLER AND F . T . A C L E R , A N A L Y S I S OF NEUTRON 
RESONANCES I N F I S S I L E E L E M E N T S , PROGRAMS C O D I L L I , CURVEPLOT AND 
S I G M A , C O C - 1 5 4 6 - 3 , SEPTEMBER 1 9 6 6 . 

1 1 . MACHINE REQUIREMENTS - 2 IK OCTAL MEMORY FOR A V R A G E 3 , 5 8 K CCTAL 
MFMOPY FCR A V R A G E 4 , 3 7 K OCTAL MEMORY FOR S I G M A 2 , ANO 37K OCTAL 
MEMORY FOR ADLER 

1 2 . PROGRAMMING LANGUAGE USEC - FORTRAN I V 

1 3 . O P F R A T I N G SYSTEM OR MONITOR UNDER WHICH PRCGRAM I S EXECUTEC -
SCCPE 3 . 0 . 

1 4 . ANY OTHFR PROGRAMMING OR O P E R A T I N G I N F C R M A T I C N CR R E S T R I C T I O N S -

1 5 . NAME ANO E S T A B L I S H M E N T CF AUTHCR -
M. R. BHAT 

NAT IONAL NEUTRON CROSS S E C T I C N CENTER 
BROOKHAVEN N A T I O N A L LABORATORY 
U P T O N , LONG I S L A N D , NEW YCRK 1 1 9 7 3 

1 6 . MATERIAL A V A I L A B L E - M A G N F T I C TAPE T R A N S M I T T A L 
SOURCE OFCKS (A VR AGE 3 - ' ' 9 1 C A R D S , A V R A G E 4 - 3 3 5 C A R C S , S I G M A 2 -
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16. MATERIAL AVAILABLE (CCNTINUECI 
1 D 7 7 C A R D S , A D L E R - 8 9 2 C A R D S ) 

SAMPLE PROBLEMS ( A V R A G E 3 - 9 3 C A R D S , A V R A G E 4 - 1 6 7 C A R D S , S I G M A 2 -
8 0 C A P O S , A D L E R - 1 5 7 C A R D S ) 

R E F E P E N C E R E P O R T , B N L - 5 C 2 9 6 

1 7 . CATEGORY - A 
KEYWORDS - A V E R A G E S , S C A T T E R I N G , C A P T U R E , F I S S I O N , CRCSS S E C T I C N S , 

F N D F / B , DOPPLER B R O A C E N I N C , M U L T I L E V E L , B R E I T - W I G N E R 
FORMULA 
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1 . NAME OR DESIGNATION OF PROGRAM - APRFXl 

2 . COMPUTER FOR WHICH PROGRAM IS CESIGNEC AND OTHERS UPON WHICH 
IT IS PPERARLF - CDC6600 

3 . PESCRIPTICN CF PRORLFM CR FUNCTICN - APRFXl COLLAPSES AND COM
BINES CROSS SFCTION SETS FOR MULTIGROUP TRANSPORT CALCULATIONS. 
IT PERFORMS GROUP COLLARING FOR AS MANY ISOTOPES, MIXTURES ANO 
LEGENORF EXPANSION SETS AS DESIRED FRCM THE CLC-2B L IBRARY. THE 
DLC-2R LIRRARY STRUCTURE EMPLOYS TENTH LETHARGY UNIT INTE.RVALS 
FRCM 15 MEV TP 111 KEV AND QUARTER LETHARGY INTERVALS DOWN TO 
•J.414 FV. A lOOTH GROUP O.o TC 0 . 4 1 4 EV IS USED AS A SINK GROUP. 
THF CODE ALSO DETERMINES THE BROAD GROUP INPUT SOURCE AND GENER
ATES AVERAGED NEUTRCN VELOCITIES FJR USE WITH TRANSPORT CALCULA
TIONS. 

4 . METHCD OF SOLUTION - THE FINE GROUP CROSS SECTIONS ARE COLLAPSED 
TO A BROAD GROUP STRUCTURF ACCORDING TC A FLUX SPECTRUM EITHER 
INPUT BY THE USER OR CALCULATED BY THE CODE. FINE GRCUP CRCSS 
SECTIONS ARE AVERAGEC TO FCRM EITHER MACROSCOPIC OR MICROSCOPIC 
ISOTOPE CROSS SECTIONS ANO ANY COMBINATION OF MACr.CSCCPIC MIXTURES 
OF THESE CROSS SECTIONS. 

5 . R'^STRICTIPNS PN THE COMPLEXITY OF THE PROBLEM - THIS VERSION OF 
THE COOE USES THE DLC-2R LIBRARY IN ANISN-OOT FORMAT. UPSCATTER-
ING IS NOT INCLUDED. 

6 . TYPICAL RUNNING TIME -

7. UNUSUAL FEATURES CF THE FRCGPAM -

8 . RELATED ANC AUXILIARY PROGRAMS - THE PROGRAM U T I L I Z E S THE 99 
GROUP DLC-2B NFUTRON CROSS SECTICN L IBRARY. THIS LIBRARY IS 
DERIVED FROM THE ENDF/B DATA BY LSE OF SUPERTOG (ACC ABSTRACT 
4 3 1 ) AND IS IN THE ANISN-DCT FCRMAT. THE CODE FUNCTIONS SIMILARLY 
TO ZOT (ACC ABSTRACT 113) WRITTEN AT LOS ALAMOS S C I E N T I F I C LABORA
TORY. 

9 . STATLS - ABSTRACT FIRST DISTRIBUTED JANUARY 1 9 7 2 . 
C0C6600 VERSION SUBMITTED OCTOBER 1 9 7 0 . 

I C . REFERENCES - PAUL S. PICKARD, NEUTRON CRCSS SECTION COLLAPSING 
CODE APRFXl , A H X R O - B N L ( 1 2 - 7 0 ) , JUNE 1 , 1 9 7 0 . 

PAUL S . PICKARC ANC DONALD 0 . W I L L I A M S , CALCULATED 
NEUTRON ENERGY SPECTRA FOR THE APRF REACTOR, A M X R C - B N L ( 9 - 7 0 ) , 
APRIL 2 8 , 197P . 

1 1 . MACHINE REQUIREMENTS -

1 2 . PROGRAMMING LANGUAGE USEC - FCRTRAN IV 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
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14. 

15 . 

17 . 

ANY CTHFR PROGRAMMING OR OPERATING INFCRMATICN OR RESTRICTIONS -

NAME AND ESTABLISHMENT CF AUTHCRS -
AUTHOR 

PAUL S. PICKARD 

CONTACT 
OR. A . H . KAZI 
ARMY PULSE RADIATION F A C I L I T Y 
U. S. DEPARTMENT CF THE ARMY 
ABERDEEN RESEARCH AND DEVELCPMENT CENTER 
ABFRDEFN PROVING GROUNC, MARYLAND 21005 

1 6 . MATERIAL AVAILABLE -
SCURCE DECK ( 6 4 6 CARDS) 
REFERENCE REPORTS 

CATEGORY 
KEYWORDS CROSS SECTIONS, MULTIGRCUP, GROUP CONSTANTS, 

COOES, ANISN CODES, ZOT CCDES, DOT COOES 
SUPERTOG 
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1 . NAME PR DESIGNATION CF PROGPAM - HRG3 

2 . COMPLTFP FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - UNIVACllOB 

3 . CESCPIPTICN OF PROBLEM OR FUNCTION - THE COOE COMPUTES THE SLOWING 
DOWN SPFCTRUM CVER THE ENERGY RANGE 10 MEV TO . 4 1 4 EV IN EITHER 
THE Bl PR P I APPROXIMATION, USING 68 GROUPS OF NEUTRONS WITH A 
CCNSTANT GROUP WIDTH OF DELTA U = . 2 5 . THE CALCULATED FLUX AND 
CURRENT SPECTRA ARE USED TC REDUCE THE ORIGINAL 68-GROUP CRCSS 
SECTION DATA TO AVERAGE VALUES OVER AS MANY AS 33 BROAD GRCLPS. 
OUTPUT IS PRINTED ANC MAY ALSO BE PUNCHEC IN FORMATS FOR INPUT TO 
ANY OF SEVERAL SPATIAL MULTIGRCUP CODES. 

4 . WFTHCO CF SOLUTION - THE 68 FINE-GROUP FLUXES AND CURRENTS ARE 
CALCULATED BY ONE SWEEP THROUGH THE GROUP STRUCTURE, STARTING FRCM 
4 SPECIFIED SOURCE D ISTRIBUTION. THE SOURCE MAY BE SELECTED FROM 
AMPNG THF 8 AVAILABLE CN THE DATA TAPE CR MAY BE INPUT. THE 
MULTIGROUP MODEL USES A FULL OOWNSCATTERING MATRIX, WITH 
INFLASTIC, N2N, ANO PO AND PI COMPONENTS OF ELASTIC SCATTERING 
EXPLICITLY INCLUDED. MACROSCOPIC FINE GROUP PARAMETERS ARE 
CONSTRUCTED FROM INPUT NUCLIDE CONCENTRATIONS AND MICROSCOPIC 
PARAMETERS, AVAILABLE CN THE CATA TAPE FOR MORE THAN 200 
INDIVIDUAL NUCLIDES. THERE IS NO RESTRICTION, CTHER THAN AVAIL
ABIL ITY , CN THE NUMBER OF NUCLIDES USABLE I N A CASE. A SPECIAL 
CALCULATION IS MADE I N THF RESCNANCE RANGE FOR CERTAIN NUCLIDES, 
USING AN ADAPTATION OF THF ADLER, HINMAN, ANO NORDHEIM METHOD TC 
OBTAIN AN INTERMEDIATE RESCNANCE APPROXIMATION FOR BOTH THE 
ABSORBFR NUCLIDF AND AN ADMIXED MODERATOR. THE RESCNANCE CONTRI
BUTION IS ALLOCATED TO THE FINE GROUPS IN A CONSISTENT MANNER 
PPCVIPING SELF-SHIELCING IN BOTH SPACE ANC ENERGY. ADDITIONAL 
SFLF-SHIELOING FACTORS MAY BE READ IN FCR ANY NUCLIDE, IF CESIREC. 
THF FINF-GROUP FLUXES AND CURRENTS ARE USED AS WEIGHTING FUNC
TIONS IN AVERAGING MACRCSCCPIC AND MICROSCOPIC PARAMETERS OVER 
THF SPECIFIED BROAD-GROUP STRUCTURE. AS AN CPTICN, THE NEUTRCN 
AGE IN AN I N F I N I T E MEDIUM MAY BE CALCULATED BY THE MOMENTS METHOD. 

5 . OFSTRICTIONS PN THE COMPLEXITY CF THE PRCBLEM - THE MAXIMUM NUMBER 
0"= RROAC GROUPS IS 3 3 . BRCAC-GROUP BOUNDARIES APE ADJUSTED INTER
NALLY TO COINCIDE WITH CNE CF THE 68 FINE-GROUP BOUNCARIES. 

^ . TYPICAL RUNNING TIME - FOR 10 NUCLIDES, INCLUDING 4 WITH 
Pi^SONANCE CALCULATICN AND NO PUNCHED CUTPUT, 40 SECCNDS ARE 
PEOUIRFD FOR THE FIRST CASF IN A RUN, AND 20 SECONDS FOR EACH SUC
CEEDING CASE. 

7 . UNUSUAL FEATURES OF THE PRCGRAM -

e. RELATED AND AUXILIARY PRCGRAMS - NUTAPE2 UPDATES ANC/CR PRINTS 
THF HPG3 DATA TAPE. RINHDT CCNVER-TS A BCD LIBRARY TO THE BINARY 
FORMAT USEC BY HRG3. 
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ACT A B S T R A C T 4 6 7 - 2 - 0 3 / 7 2 

9 . S T A T L S - ABSTRACT F I R S T C I S T R I B U T E D JANUARY 1 9 7 2 . 
U N I V A C l l O B V E R S I O N S U B M I T T E C COTCBER 1 9 7 0 . 

I C . RFFERENCE - J . L . C A R T E R , HRG3 - A COCE FOR C A L C U L A T I N G THE 
S L P W I N G - D O W N SPECTRUM I N THE P I CR 6 1 A P P R O X I M A T I O N S , B N W L - 1 4 3 2 , 
J U N E 1 9 7 0 . 

1 1 . MACHINE R F Q U I R E M E N T S - 6 4 K MEMORY, NORMAL I N P U T , O U T P U T , PROGRAM, 
ANO PUNCH U N I T S , 1 U N I T FOR L I B R A R Y , 1 TO 4 SCRATCH U N I T S CR 
T H E I R E Q U I V A L E N T ON CRUM. 

1 2 . PROGRAMMING LANGUAGE USED - FORTRAN I V 

1 3 . O P F R A T I N G SYSTEM OR MONITOR UNDER W H I C H PRCGRAM I S EXECUTEC -
CSCX . 

1 4 . ANY OTHER PROGRAMMING OR O P F R A T I N G I N F O R M A T I O N CR R E S T R I C T I O N S -
A FEW S P E C I A L F E A T U R E S PF CSCX ARE U S F D . T H E I R F U N C T I C N S ARE 
C F S C R I B E D I N THE R E F E R E N C E REPORT B N W L - 1 4 3 2 . 

1 5 . NAME AND E S T A B L I S H M E N T CF AUTHOR -
J . L . CARTER 
PEACTOR P H Y S I C S DEPARTMENT 
B A T T E L L E - N O R T H W E S T LABORATORY 
P . 0 . PPX 9 9 9 
R I C H L A N D , WASHINGTON 9 9 3 5 2 

1 6 . M A T E P I A L A V A I L A B L E - M A G N E T I C TAPE T R A N S M I T T A L ( 1 OR 3 T A P F S ) 
SOURCE DECKS ( T A P E 1 - F I L F l HRG3 2 5 1 2 C A R D S , F I L E 2 N U T A P E 2 8 1 5 

C A R C S , F I L E 4 B I N H O T 2 7 8 C A R D S ) 
SAMPLE FPOBLFMS ( T A P E l - F R E l HRG3 4 8 C A R D S , F I L E 4 B I N H O T 2 6 

CARDS) , 
L I B R A P I F S ( T A P E 1 - F I L E ^ 1 4 1 7 B I N A R Y R E C O R D S , TAPE 2 1 7 , 6 3 5 

C A R P S , TAPE 3 1 9 , 5 3 0 C A R C S ) 
SAMPLE PROBLEM O U T P U T ( B I N H C T - 1 1 SELECTED P A G E S ) 
REFERENCE REPCRT 

1 7 . CATEGORY - P 
KEYWCRDS - S L O W I N G CPWN, GROUP O C N S T A N T S , CROSS S E C T I O N S , E L A S T I C 

S C A T T E R I N G , I N E L A S T I C S C A T T E P I N G , NUTAPE2 C O C E S , 
R I N H D T CODES 
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1 . NAMF PR C E S I G N A T I O N OF PROGRAM - BUBL 1 

2 . COMPUTER FOR WHICH PROGRAM I S D E S I G N E D AND OTHERS UPON WHICH 

I T I S OPERABLE - 0 0 0 6 6 0 0 

3 . O E S C R I P T I O N OF PRCBLEM CR F U N C T I O N - B U B L l P R E D I C T S FUEL SWELLING 
ANC F I S S I O N GAS RELEASE FROM NUCLEAR F U E L S , BASED CN MOVEMENT CF 
F I S S I C N GAS BUBBLES I N S C L I C S BY A SURFACE C I F F U S I O N MECHANISM 
UNDER THF A C T I O N OF A THERMAL G R A D I E N T ( S E E REFERENCE 3 1 . I N T E R 
ACTIONS OF THF BUBBLES W I T H D I S L O C A T I O N S AND G R A I N B O U N D A R I E S PRO
V I D E TEMPORARY T R A P P I N G S I T E S , P R I O R TC R E L E A S E . 

4 . MFTHCn PF S O L U T I O N - B U B L l IS A COMPUTER S I M U L A T I O N OF A FUEL 
R F G I O N . W I T H I N T H I S R E G I O N , F I S S I C N GAS EVENTS ARE FOLLOWED V I A A 
MONTF CARLO T E C H N I Q U E . I N D I V I D U A L BURRLES ARE FOLLOWED THROUGH 
T H F I R T I M E H I S T O R Y FROM N U C L E A T I O N TQ RELEASE FROM THE F U E L . WITH 
I N T E R A C T I O N S AT D I S L O C A T I O N S AND G R A I N B C U N C A R I E S . S P E C I F I C 
BUPRLE S I Z E S ARE D E T E R M I N E D FROM E I T H E R THE I D E A L GAS LAW OR THE 
VAN DFR WAALS E Q U A T I C N OF STATE AS M C C I F I F C BY A LOCAL HYDROSTATIC 
PRESSURE T E R M . 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF THE PRCBLEM - THE CURRENT VER
S I O N PF B U B L l I S R E S T R I C T E D TO I S O T H E R M A L PROBLEMS W I T H N O N - V A R Y 
ING H Y D R O S T A T I C PRESSURE AND THERMAL G R A D I E N T H I S T O R I E S . 

6 . T Y D I C A L RUNNING T I M F - ONE M I N L T E PER CASE I S R E Q U I R E D . 

7 . UNUSUAL FEATURES OF THE PROGRAM - B U B L l IS A U N I Q U E A N A L Y S I S TOOL 
I N THAT I T I S THE ONLY KNOWN PRCGRAM WHICH E X P L I C I T L Y DESCRIBES A 
FUEL R E G I C N AND FOLLOWS F I S S I O N GAS ATOMS FROM N U C L E A T I O N U N T I L 
RFLEASE FROM THE FUEL R E G I O N OCCURS. I T I S THE ONLY MODEL A V A I L 
ABLE WHICH P R E D I C T S THE PHENOMENA CF S A T U R A T I O N I N GASECUS SWELL
ING AT H I G H TEMPERATURE AND A TEMPERATURE OF MAXIMUM S W E L L I N G , 
BOTH H A V I N G BEEN CBSERVED E X P E R I M E N T A L L Y . 

8 . RELATED ANC A U X I L I A R Y PROGRAMS - THE LCNG RANGE P L A N I S TO I N T E 
GRATE THE 3UBL SWELLING AND GAS RELEASE MODEL W I T H CYGR03 (ACC 
ABSTRACT 4 4 9 ) . B U B L l USES THE B E T T I S E N V I R O N M E N T A L R O U T I N E S (ACC 
ARSTRACT 4 7 8 ) . 

9 . STATLS - ARSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
C0C660 IJ V E R S I O N S U B M I T T E D OCTOBER 1 9 7 0 . 

n . REFERENCES - H . R . WARNER, B U B L - 1 - A S T A T I S T I C A L FUEL SWELLING 
ANC F I S S I C N GAS RELEASE MODEL, W A P O - T M - 9 4 2 , SEPTEMBER 1 9 7 0 . 

0 . J . P F E I F E R , C C C - 6 6 0 0 FCRTRAN PROGRAMMING - B E T T I S 
ENVIRONMENTAL R E P O R T , W A P D - T M - 6 6 e , JANLARY 1 9 6 7 . 

F . A. N I C H O L S , BEHAVIOR OF GASEOUS F I S S I O N PRODUCTS 
I N O X I D E FUFL E L E M E N T S , W A P 0 - T M - S 7 0 , OCTOBER 1 9 6 6 . 

E . DUNOOMBE AND 0 . M . F R I E D R I C H , C Y G R O - 3 - A COMPUTER 
PROGRAM TO D E T E R M I N E T E M P E R A T U R E S , S T R E S S E S AND D E F C R M A T I O N I N 
O X I D F FUFL R O D S , W A P D - T M - 9 6 1 , MARCH 1 9 7 0 . 
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11. MACHINE REQUIREMENTS - 65K MEMCFY, A PRINTER, ANC A PLOTTER 

12. PROGRAMMING LANGUAGF USEE - FCRTRAN IV 

13. OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCCPE 3 .1 . 

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OP RESTRICTIONS -
BUBLl USES PLOTTING ROUTINES CESCRIREC IN REFERENCE 2. FUNCTIUN 
SURRPUTINF RANGEN IS ENTERED IN THE RUBLl PRCGRAM PY THE REAL 
FUNCTION flANDOM(O), WHICH PRODUCES A REAL RANDOM NUMBER R SUCH 
THAT r^.O LESS THAN CR EQUAL P LESS THAN 1.0. 

15. NAME AND ESTABLISHMENT OF AUTHOR -
H. R. WARNER 
RETTIS ATOMIC POWER LABORATORY 
WESTINGHOUSE ELECTRIC CORPORATION 
P. 0. BCX 79 
WEST M I F F L I N , P E N N S Y L V A N I A 1 5 1 2 2 

! 6 . M A T E R I A L A V A I L A B L E - R E S T R I C T E C C I S T R I B U T I O N 
M A G N E T I C TAPE T R A N S M I T T A L 

SOURCE CECK ( 1 3 6 6 C A R D S I 
SAMPLE PRCRLEM ( 1 2 C A R D S ) 
R F F F R E N C E P F P O P T S , W A P D - T M - 9 4 2 AND W A P D - T M - 6 6 B 

17. CATEGORY - I 
KEYWORDS - FUELS, SWELLING, FISSION GASES, SOLIDS, MONTE CARLC 

METHOD, CYGR03 CODES 
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1 . NAME PR CESIGNATION CF PROGRAM - PMSl 

2 . COMPUTEP FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
I T IS OPERABLE - IBM360 

3 . OESCRIPTICN OF PROBLEMOR FUNCTION - PMSl CORRECTS EXPERIMENTAL 
FAST NEUTRCN POLARIZATION DATA FCR F I N I T E GECMETRY AND MULTIPLE 
SCATTEPING EFFECTS, WHEN L IQUID HELIUM IS THE POLARIZER ANALYZER. 

4 . MFTHCD CF SCLUTICN - THE MCNTE CARLC CCCE SIMULATES THE ACTUAL 
GEOMETRY OF THE EXPERIMENT, TRACES SCATTERING HISTORIES TO ESTI 
MATE MULTIPLE-SCATTERING ASYMMETRY FOR AN INCIDENT NEUTRON BEAM OF 
ARBITRARY POLARIZATION. THE CCDE USES PHASE SHIFTS TO CALCULATE 
THE NECESSARY PARAMETERS, THE ANGULAR DISTRIBUTIONS (D SIGMA)/ 
(D CMFGA), THE POLARIZATION P ANC THE SPIN ROTATION PARAMETER BETA 
NFFDED FCR CONSISTENT TRACKING OF POLARIZATION EFFECTS IN SUCCES
SIVE SCATTERING. THE PHASE SHIFT DATA ARE TAKEN FRCM THE FITTED 
OATA 0"= HOOP ANO BARSCHALL ABOVE 1.5 MEV AND FRCM MORGAN ANC 
WALTER PCLOW 1.5 MEV. THE CODE ADJUSTS THE I N I T I A L INPUT POLARI-
ZATICN NEEDED TO REPRODUCE THE MEASURED LEFT-RIGHT COUNT RATIO FOR 
THF TWO DETECTORS. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - NC MORE THAN FIVE 
COLLISIONS ARE ALLOWED AND L IQUID HELIUM MUST BE THE POLARIZER 
ANALYZER. THF TOTAL NUMBER OF ENERGY PCINTS FOR WHICH PHASE 
SHIFTS ARE GIVEN MUST BE LESS THAN 1 0 0 . 

6 . TYPICAL RUNNING TIME - ABOUT 3 MINUTES PER CASE ARE REQUIRED. 

7. UNUSUAL FEATURES CF THE FRCGPAM -

8 . RELATED AND AUXILIARY PROGRAMS -

9 . STATUS - ^BSTPACT FIRST DISTRIBUTED JANUARY 1 9 7 2 . 
1BM360 VERSION SUBMITTED OCTOBER 1 9 7 0 , SAMPLE PROBLEM 

EXECUTED BY ACC. 

1 0 . REFERENCES - G. W. MORRISON, T . G. M ILLER, AND F. P. GIBSON, 
PMSl - A FORTOAN MPNTE CARLC COCE FCR CORRECTING EXPERIMENTAL 
FAST-NEUTRPN POLARIZATION DATA, C T C - 9 , CECEMBER 1 9 6 9 . 

B. HOOP AND H. H . BARSCHALL, SCATTERING OF NEUTRONS 
BY ALPHA-PARTICLES, NUCLEAR PHYSICS, VCL . 8 3 , P. 6 5 , 1 9 6 6 . 

1 1 . MACHINE REQUIREMENTS - 32K MEMORY 

1 2 . PROGRAMMING LANGUAGES USED - FCRTRAN I V ( H ) AND BAL 

1 3 . OPERATING SYSTEM CR MONITOR UNCER WHICH PRPGRAM IS EXECUTED -
O S / 3 6 n . 

1 4 . ANY CTHEP PRCGPAMMING CR OPEBATING INFORMATION OR RESTRICTIONS -
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1 5 . NAME ANO ESTABLISHMENT CF AUTHCPS -
G. W. MORRISON 
OAK RIDGF NATIONAL LABORATORY 
P. 0. BCX X 
OAK RIOGE, TENNESSEE 37830 
F. P. GIBSON AND T. G. MILLER 
U. S. ARMY MISSILE COMMAND 
REDSTONE ARSENAL, ALABAMA 

1 6 . MATERIAL AVAILABLE -
SOURCE DECK ( 1 2 2 7 CARDS) 
SAMPLE PROBLEM ( 3 3 CARDS) 
SAMPLE PROBLEM CUTPUT (4 PAGES) 
REFERENCE REPORT, CTC-9 

17. CATEGCRY - C 
KEYWORDS - MONTE CARLO METHOD, S T A T I S T I C S , ELASTIC SCATTERING, 

POLARIZATION, HELlUM 
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1. NAMF OR DESIGNATION OF PROGRAM - GRAMP 

2. COMPUTER FCR WHICH PROGRAM IS CESIGNEC AND OTHERS UPON WHICH 
IT IS OPERABLF - C0C66CC 

3 DESCRIPTION OF PRCBLEM CR FUNCTICN - GRAMP RANDOMLY GENERATES 

* REICH AND MOORE PARAMETERS FCR MULTILEVEL UNRESOLVED RESONANCES OF 
FISSILE ISOTOPES. 

4 MFTHPO OF SOLUTION - PARAMETERS ARE SELECTEC RANCCMLY FRCM THE 
4PPRCPRHTE CISTRIBUTION FUNCTIONS. RESONANCE ENERGIES ARE CHOSEN 
FRCM THF WIGNER OISTRIBUTICN. PARTIAL FISSION WIDTHS AND THE 
REDUCEO NEUTRON WIDTH ARE CHOSEN FROM THE PORTER-THOMAS OISTRIBU
TICN. THE FISSION WIDTH FOR A GIVEN RESONANCE IN THE REICH AND 
MOORE FORMALISM IS THE SUM OF A SET CF PARTIAL WICTHS CORRESPOND
ING TO THF OPEN FISSION CHANNELS. 

5. RESTRICTIONS CN THE COMPLEXITY CF THE PROBLEM - THE MAXIMUM NUMBER 
OF RESONANCES PER SPIN STATE IS 100. TWC COMPOUND NUCLEUS SPIN 
STATES ARE ALLOWED ANO EACH SPIN STATE MAY HAVE 2 OPEN FISSION 
CHANNELS. 

6. TYPICAL PUNNING TIME - PARAMETERS FOR 1000 RESONANCES ARE GENER
ATED IN 6 SECCNDS. 

7. UNUSUAL FEATURES OF THE PROGRAM -

B. RELATED AND AUXILIARY PROGRAMS - GRAMP OUTPUT MAY BE PUNCHED ON 
CARCS WHICH SERVE AS INPUT TO RECAP-0. 

9. STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972. 
0006603 VERSION SUBMITTED NOVEMBER 1970. 

10. REFERENCES - M. GOLDSMITH, GRAMP-A PROGRAM TO GENERATE REICH ANC 
MOORE PARAMETERS FOR MULTILEVEL UNRESOLVED RESONANCES, WAPD-TM-
939, MAY 1970. 

U . MACHINE REQUIREMENTS -

12. PROGRAMMING LANGUAGF USED - FCRTRAN IV 

13. OPERATING SYSTEM CR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE 3. 1. 

14. ANY CTHER PROGRAMMING CR OPEBATING INFORMATION OR RESTRICTIONS -
THIS PROGRAM USES THE BETTIS ENVIRONMENTAL ROUTINES INTTAP, OUTTAP 
AND FINISH (ACC ABSTRACT 4 7 8 ) . SETRAN INITIALIZES THE RANDCM NUM
BER SEQUENCE ANO THE RANCOM(O) FUNCTION PROVIDES THE NEXT RANDOM 
NUMBER FROM THE RANGEN, RANDCM NUMBER GENERATING ROUTINE, WHICH 
PROVIDES REAL NUMBERS, R, RANDOMLY DISTRIBUTED IN THE RANGE 0 LESS 
THAN OR EQUAL R LESS THAN 1. 
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15. NAME A N D E S T A B L I S H M E N T CF A U T H O R -
M A R K G O L D S M I T H 
B E T T I S A T O M I C P O W E R L A B O R A T O R Y 
W E S T I N G H O U S E E L E C T R I C C C B P C P A T I O N 
P . 0 . B O X 79 
WE S T M I F F L I N , P E N N S Y L V A N I A 1 5 1 2 2 

16 . M A T E R I A L A V A I L A B L E - R E S T R I C T E D D I S T R I B U T I O N 
S C U R C E D E C K (149 C A R D S ) 
S A M P L E P R O B L E M (5 C A R D S ) 
R E F F R E N C F R E P O R T 

17. C A T E G O R Y - A 
KEYWORDS - M U L T I L E V E L , U N R E S C L V E D R E G I O N , RESCNANCE P A R A M E T E R S . 

F I S S I O N , COMPOUND N U C L E I . RECAP CODES 
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1 . NAME OR D E S I G N A T I O N OF PROGRAM - GAPER2D 

2 . COMPUTER FOR WHICH PROGRAM I S C E S I G N E D ANO OTHERS UPON WHICH 
I T I S OPERABLE - U N 1 V A C 1 1 C 8 

3 . D E S C R I P T I O N OF PROBLEM CP F U N C T I O N - GAPER2C I S A T W O - D I M E N S I O N A L 
TRANSPORT P E R T U R B A T I O N THEORY PROGRAM U S I N G THE REAL AND ADJCINT 
F L U X E S ANO CURRENTS FROM 2 C F (ACC ABSTRACT 1 7 3 ) PROBLEM RESULTS TO 
COMPUTE R E A C T I V I T Y CHANGES DUE TO SMALL P E R T U R B A T I O N S I N REFLECTEC 
M U L T I R E G I O N S Y S T E M S . 

4 . METHOD PF S O L U T I C N - F I R S T - O R C E R P E R T U R B A T I O N THEORY I S USED WITH 
2 0 F FLUXES AND CURRENTS R E P L A C I N G THE PERTURBED F L U X E S . THE ANGU
LAR F L U X E S AND S C A T T E R I N G CROSS S E C T I O N S ARE EXPANCED I N SPHERICAL 
H A R M O N I C S . AND TRUNCATED AT THE P I T E R M . 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF T H E PROBLEM - S C A T T E R I N G 
A N I S O T R O P Y I S L I M I T E D TO THE P I T E R M . 

6 . T Y P I C A L RUNNING T I M E - ABCUT 1 M I N U T E IS B E Q U I R E D . 

7 . UNUSUAL FEATURES OF THE PROGRAM - U P S C A T T E P I N G I S ALLOWED. 

8 . RELATED AND A U X I L I A R Y PROGRAMS - 2 D F (ACC ABSTRACT 1 7 3 ) , A TWO-
D I M E N S I O N A L D I S C R E T E O R D I N A T E S THEORY CODE I N X - Y OR R - Z GEOMETRY 
USED TO COMPUTE AND COPY ONTC M A G N E T I C T A P E FLUX AND CURRENT CATA 
FOR USE BY G A P F R 2 D , AN E X T E N S I O N OF G A P E R , AN E A R L I E R TRANSPORT 
P E R T U R B A T I O N PROGRAM WHICH EMPLOYED S I M P L E S Y N T H E S I S A P P R O X I M A 
T I O N S FOR TWO- AND T H R E E - D I M E N S I O N A L C O N F I G U R A T I O N S . 

9. STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972. 
U N I V A C l l O B V E R S I O N S U B M I T T E C CECEMBER 1 9 7 0 . 

1 0 . REFERENCES - R . J . A R C H I B A L D AND D . A . S A R G I S , G A P E R - 2 D A TWO 
D I M E N S I O N A L TRANSPORT P E R T U R B A T I O N THECRY PRCGRAM, G A - 1 0 1 0 3 , 
A P R I L 2 9 , 1 9 7 0 . 

P . A R C H I B A L D , INPUT CHANGES TO G A P E R - 2 D ( R E F . 
G A - 1 0 1 0 3 ) , E R R A T A , NOVEMBER 1 3 , 1 9 7 0 . 

1 1 . MACHINE REQUIREMENTS - 65K FAST MEMORY, 2 TAPE U N I T S , 4 D R U M / 
0 1 S K F I L E S 

1 2 . PROGRAMMING LANGUAGE USED - FORTRAN V 

1 3 . O P E R A T I N G SYSTEM OR MONITOR LNDER WHICH PROGRAM I S EXECUTEC -
EXFC 2 OR EXEC 8 . 

1 4 . ANY OTHER PROGRAMMING OR O P E R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -
V A R I A B L E D I M E N S I O N I N G I S U S E C . THE M I C R O S C O P I C CROSS S E C T I O N SETS 
ARE I N P U T I N GGC4 (ACC ABSTRACT 2 9 8 ) FCRMAT ANC M I X T U R E S MAY BE 
STORED AND ALTERED FOR USE BY S U C C E E D I N G PROBLEMS I N A S E T . 
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15. NAME AND ESTABLISHMENT OF AUTHORS -
R. J. APCHIEALC AND D. A. SARGIS 
GULF GENERAL ATCMIC INCORPORATED 
P. n. BOX 60 8 
SAN DIEGO, CALIFORNIA 92112 

16. MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SCUPCE DECK (1187 CARDS) 
SAMPLE PROBLEM (823 CAPOS) 
REFERENCE REPORT AND ERRATA 

1 7 . CATEGORY - N 
KEYWORDS - REACTIV ITY , PERTURBATION THEORY, 2 -DIMENSIONAL, SN 

METHOD, 2CF CODES, GAFER COCES, GGC4 COCES 
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1. NAME CR DESIGNATION CF PROGRAM - MERMC2/MAGIC 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - CD036OO, IBM360 

3. DESCRIPTION OF PROBLEM OP FUNCTION - THE PROGRAMS MERMC2 AND MAGIC 
ARE SERVICE ROUTINES FCR USE WITH THE BINARY CROSS-SECTION 
LIBRARY TAPES OF THF MC**2 MULTIGROUP CROSS-SECTION PROGRAM. 

MERMC2 TAKES AS INPUT TWO MC**2 LIBRARY TAPES AND PRODUCES 
A NEW MC**2 LIBRARY TAPE CONTAINING CATA FRCM BOTH INPUT TAPES 
WITH DELETION OF PARTICULAR MATERIALS AS DESIRED, OR MERMC2 
MAY BE USFC TP CREATE A NEW LIBRARY TAPE FROM A SINGLE INPUT TAPE 
BY SIMPLY DELETING SELECTED MATERIALS. 

MAGIC PRPOUCES LIBRARY TAPE LISTINGS AND TAPES FOR OFF-LINE 
CALCOMP FLCTTING OF SELECTED CATA FROM AN MC**2 LIBRARY TAPE. 

4. METHOD OF SOLUTION - AN MC**2 LIBRARY TAPE CONSISTS OF SIX FILES 
CONTAINING (1) THE W TABLE, (2) A TABLE OF CONTENTS AND 
RESONANCE DATA, (3) SMCCTH CPCSS SECTIONS, (4) INELASTIC ANC 
{N,2N) SECCNDARY ENERGY DISTRIBUTIONS, (5) FISSION SPECTRA, AND 
(6) ELASTIC SCATTERING LEGENCRE COEFFICIENTS. FILE 1 MAY OR MAY 
NOT BE PRESENT. THE MC*»2 BINARY LIBRARY TAPES ARE PRCCUCEC 
INITIALLY BY USING THE ETOE PROGRAM (ACC 350) FOR PROCESSING 
ENDF/R DATA TAPES. MERMC2 WAS WRITTEN TO FACILITATE ADDING ENDF/B 
CATA TO EXISTING MC**2 LIBRARY TAPES. MC**2 TAPES CAN ALSO BE 
PRODUCED FROM CARD INPUT, THE METHOD USED PRIOR TO THE AVAIL
ABILITY OF ENDF/B DATA. 

MAGIC PREPARES A TAPE FOR USE ON THE OFFLINE CALCOMP 580 
PLOTTER. A VARIED SELECTION OF CATA MAY BE LISTED OR PLOTTED 
AND FLEXIBLE SPECIFICATIONS FOR PLOTTING ARE ALLCWEC. 

5. RESTRICTIONS ON THE CCMPLEXITY CF THE PROBLEM -

6. TYPICAL RUNNING TIMF -

7. UNUSUAL FEATURES OF THE PROGRAM -

8. RELATED AND AUXILIARY PROGRAMS - ETOE (ACC ABSTRACT 350) PROCESSES 
ENOF/R DATA TAPES ANC PREPARES THE MC**2 (ACC ABSTRACT 355) BINARY 
LIBRARY TAPES WHICH MERMC2 AND MAGIC USE. 

9. STATLS - ABSTRACT FIRST CISTRIBUTED JANUARY 1972. 
CDC36O0 VERSIONS OF MERMC2 AND MAGIC SUBMITTED MARCH 

1971. 
IBM360 VERSION OF MERMC2 SUBMITTED APRIL 1971. 

10. REFERENCES - E. M. PENNINGTON, J. C. GAJNIAK, A. B. COHEN, ANO 
W. BOHL, SERVICE ROUTINES FCR THE MULTIGROUP CROSS-SECTION CODE 
MC**2, ANL-7654, APRIL 1970. 

D. M. GREEN ANC T. A. PITTERLE, ETOE, A PROGRAM 
FOR ENDF/B TO MC2 DATA CONVERSION, APDA-219, JUNE 1968. 

B. J. TOPPEL, A. L. RAGO, AND D. M. OSHEA, MC**2, 
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10. REFERENCES (CONTINUED) 
A CODE TO CALCULATF MULTIGROUP CROSS SECTIONS, ANL-73ie, JUNE 
1967. 

11, 

12 . 

13. 

14. 

15 . 

16. 

1 7 . 

MACHINE REQUIREMENTS -
MERMC2 - STANDARD INPUT ANC CUTPUT U N I T S , 2 INPUT TAPE U N I T S , 
1 OUTPUT TAPE U N I T , ANO 1 SCRATCH TAPE CP D I S K . 
MAGIC - STANDARD INPUT AND OUTPUT U N I T S , 1 INPUT TAPE UNIT AND 1 
OUTPUT TAPE U N I T . 

PROGRAMMING LANGUAGFS USEO - 3600 FORTRAN (CDC36CC) , FORTRAN IV 
( I B M 3 6 0 ) . MAGIC PLOTTING PACKAGE SUBROUTINES, PLOT580, ARE 
INCLUDED IN OBJECT DECK FORM. 

OPFRATING SYSTEM OR MONITOR UNCER WHICH PROGRAM IS EXECUTEC -
SCOPE ( C C C 3 6 n r ) A N D P S / 3 6 0 ( I B M 3 6 0 ) . 

ANY FTHER PROGRAMMING CR OPERATING INFORMATICN OP RESTRICTIONS -
THt" IBM360 VERSION OF MERMC2 REQUIRES AN I N I T I A L (ADDIT IONAL) 
INPUT CARC (FORMAT 5 16) DESIGNATING THF LOGICAL UNIT NUMBERS FOR 
THF TAPFS ASSIGNED DURING EXECUTION. FIELC 1 (COLS. 1 - 6 ) CESIG-
NATES A SCRATCH U N I T , F IELD 2 (COLS. 7 - 1 2 ) MC**2 INPUT TAPE 1 , 
FIELC 3 (COLS. 1 3 - l R ) MO**2 INPUT TAPE 2 , F IELC 4 ( C OLS . 1 9 - 2 4 ) 
M 0 * * 2 OUTPUT TAPE, ANO F IELD 5 (COLS. 2 5 - 3 0 ) W-TABLE INPUT TAPE. 

NAME AND ESTABLISHMENT OF AUTHCR -
E. M. PENNINGTON 
APPLIED PHYSIOS D I V I S I O N 
ARGCNNE NATIONAL LABORATORY 
9700 SOLTH CASS AVENUE 
ARGONNE, I L L I N O I S 60439 

MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SCURCE DECKS (MERMC2 3 6 0 0 - 5 1 4 CARDS, 3 6 0 - 5 6 2 CARDS, MAGIC 

3600-15(>6 CARCS) 
BINARY DECK (MAGIC 3 6 0 0 - 1 8 4 CARDS) 
SAMPLE PROBLEM (MAGIC 3 6 0 0 - 4 9 CARCS) 
REFERENCE REPORT, A N L - 7 6 5 4 

CATEGCRY - M 
KEYWORDS - LIBRARIES, CROSS SECTICNS, CATA PROCESSING, 

MC**2 CODES 

ETOE CODES, 
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1 . NAME OR C E S I G N A T I O N OF PROGRAM - C H I C - K I N 

2 . COMPUTER FOR WHICH PROGRAM I S D E S I G N E D AND CTHERS UPCN WHICH 
I T I S OPERABLE - C D C 6 6 0 0 

3. D E S C R I P T I O N OF PROBLEM CP F U N C T I O N - C H I C - K I N T R E A T S FAST AND 
I N T E R M E D I A T E R E A C T I V I T Y T R A N S I E N T S I N A WATER-COOLED HETERCGENEOUS 
NUCLEAR REACTOR. THE PROGRAM C A L C U L A T E S THE POWER, T E M P E R A T U R E S , 
AND I N T E R N A L PRESSURE SURGES WHEN CCNTROL RCD M O T I O N , I N L E T T E M 
P E R A T U R E , INLET FLOW, AND SYSTEM PRESSURE ARE KNOWN F U N C T I O N S OF 
T I M E . THE REACTCR MCDEL C C N S I C E R E D I S A S I N G L E PASS WATER-COCLEO 
CORE REPRESENTED BY A S I N G L E FUEL E L E M E N T - C O O L A N T PASSAGE SYSTEM 
WITH R E A C T I V I T Y FEEDBACK TC THE K I N E T I C S E O U A T I O N S . 

4 . METHOD CF S O L U T I O N - C H I C - K I N OPERATES BY S I M U L T A N E O U S SOLUTION 
OF THF B A S I C O N E - D I M E N S I O N A L C O N S E R V A T I O N E Q U A T I O N S , U S I N G REPRE
S E N T A T I O N S WHICH P E R M I T THE O E S C R I P T I C N OF BOTH I N T E R M E C I A T E ANC 
FAST T R A N S I E N T S WITHOUT ANY CHANGE I N THE M O D E L . FOR WATER-COOLED 
HFTEROGFNECLS R E A C T O R S , THE MODEL INCORPORATES ALL KNOWN MAJOR 
FEEDBACK M E C H A N I S M S , AND ACCOUNTS FOR THE D E T A I L S CF N O N B O I L I N G , 
NUTLEATE B O I L I N G , ANC F I L M B O I L I N G HEAT T R A N S F E R . 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y CF THE PROBLEM - R E S T R I C T I O N S 
INCLUDE -

1 THROUGH 20 A X I A L S E C T I O N S 
2 THROUGH 10 R A D I A L S E C T I O N S 
2 THROUGH 3 0 MASS V E L O C I T Y OR PRESSURE DROP P A I R S 
2 THROUGH 3 0 I N L E T ENTHALPY P A I R S 
2 THROUGH 30 E X I T ENTHALPY P A I R S 
2 THROUGH 3 0 SYSTEM PPFSSURE P A I R S 

6 . T Y P I C A L RUNNING T I M E -

7 . UNUSUAL FEATURES OF THE PROGRAM - MAJCP FEATURES I N C L U C E -
( A ) C A L C U L A T I O N OF SUBCOOLED B O I L I N G ( L O C A L B O I L I N G ) V O I D 

F R A C T I O N S WHICH ARE S I G N I F I C A N T C O N T R I B U T O R S TO REACTOR 
SHUTDOWN FOR A LARGE CLASS OF E X C U R S I O N S , 

( B ) I N C L U S I O N OF R E A C T I V I T Y FEEORACK E F F E C T S DUE TO MODERATOR 
D E N S I T Y C H A N G E , MODERATOR TEMPERATURE CHANGE, FUEL PLATE 
E X P A N S I O N ANO DOPPLER B R O A D E N I N G , 

( C ) R E P R E S E N T A T I O N OF T H F F L U I D D Y N A M I C S BY A MOMENTUM I N T E 
GRAL MODEL WHICH ALLCWS STAGNANT I N I T I A L C O N D I T I O N S , FLOW 
R E V E R S A L , ANO I N T E R N A L CHANNEL PRESSURE B U I L D U P , AND 

( D ) D E T A I L E D S P A T I A L R E P R E S E N T A T I O N OF THE FUEL ELEMENT (ROD 
OR PLANE) RY A X I A L AND R A D I A L SECT I C N A L 1 Z A T I O N . 

8 . RELATED AND A U X I L I A R Y PRCGRAMS - C H I C - K I N U T I L I Z E S MANY OF THE 
NUMERICAL T E C H N I Q U F S OF THE C H I C 3 PROGRAM. C H I C - K I N USES THE 
B F T T I S ENVIRONMENTAL R O U T I N E S (AGO ABSTRACT 4 7 8 ) . 

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
C D C 6 6 0 0 V E R S I O N S U B M I T T E D CECEMBER 1 9 7 0 . 
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10. RFFERENCES - J . A. RECFIELC, C H I C - K I N - A FORTRAN PROGRAM FOR 
INTERMEDIATE AND FAST TRANSIENTS I N A WATER MODERATED REACTOR, 
WAPC-TM-479, JANUARY 1 9 6 5 . 

C . J . P F E I F F P , CCO-6600 FORTRAN PROGRAMMING - BETTIS 
ENVIRONMENTAL REPORT, WAPD-TM-668, JANUARY 1 9 6 7 . 

11. MACHINE REQUIREMENTS -

12. PROGRAMMING LANGUAGE USEO - FORTRAN IV 

13. OPFRATING SYSTEM OR MONITOR UNDER WHICH PRCGPAM IS EXECUTEC -
SCOPE 3.1. 

14. ANY OTHER PROGRAMMING OR OPERATING INFCRMATION CP RESTRICTIONS -

15. NAME AND ESTABLISHMENT CF AUTHCR -
J. A. REDFIELD 
BETTIS ATOMIC POWER LABORATORY 
WESTINGHOUSE ELECTRIC CORPORATION 
P. 0. BOX 79 
WEST MIFFLIN, PENNSYLVANIA 15122 

16. MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL 

SOURCE DFCK (5054 CARDSI 
SAMPLE PROBLEM (35 CARDSI 
SAMPLF PRCBLEM OUTPUT (20 SELECTEC PAGES) 
RFFERENCE REPORTS 

17. CATEGORY - H 
KEYWORDS - REACTIVITY TRANSIENTS, WATER COOLANTS, HEAT TRANSFER, 

K I N E T I C S , CHIC3 CODES, SPERT 1 •RE AC TORS 
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1 . NAME OR CESIGNATION CF PROGRAM - QXl 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - CDC3600, 1BM360/75 

3 . DESCRIPTION OF PRPBLEM OR FUNCTICN - QXl SOLVES THE MULTIGROUP, 
CNE-CIMFNSIONAL, T IME-CEPENDENT CIFFUSION EQUATIONS. PROBLEM 
GEOMETRY MAY BE PLANE, CYLINDRICAL, OR SPHERICAL. STEACY-STATE 
I N I T I A L CONDITIONS MAY BE ESTABLISHED EITHER FOR A SOURCE-FREE 
SYSTEM OR FOR A SYSTEM WITH AN EXTERNAL NEUTRON SOURCE. THE 
REACTOR MAY BE PERTURBED BY CHANGING MATERIAL VOLUME FRACTIONS 
AND/OR TEMPERATURES OR BY CHANGING THE NEUTRCN SCUPCE LEVEL. A 
FIRST-COLLISION PULSED SOURCE DISTRIBUTION MAY BE SPECIF IED. 
RESONANCE ABSORPTION FEEDBACK IS CALCULATED BY GROUPWISE INTER
POLATION IN A CROSS-SECTION VERSUS TEMPERATURE TABLE. A HIGHLY 
SIMPLIF IED FUFL TEMPERATURE MCDEL IS INCLUDED. 

4 . METHOD OF SOLUTION - THE IMPROVED CUASISTATIC METHOD DESCRIBED IN 
RFFFRENCE 1 IS USED TO SOLVE THE TIME-CEPENDENT PROBLEM. THE 
MFTHOD CONSISTS OF FACTORING THE TOTAL FLUX INTC THE PRCCUCT OF A 
SPACE-ENERGY-TIME DEPENDENT SHAPE FUNCTION AND A PURELY T IME-
DEPENDFNT AMPLITUDE FUNCTION, NORMALIZEC SO THAT THE MOST RAPIDLY 
VARYING PART OF THE TOTAL FLUX IS INCLUDED I N THE AMPLITUDE 
FUNCTION. THE TWO COUPLED SETS OF EQUATIONS WHICH RESULT ARE 
SOLVED ITERATIVELY. THE FUEL TEMPERATURE CHANGES ARE CALCULATED 
BY A REGIONWISE ADIABATIC MODEL WITH THE ASSUMPTION THAT ALL PCWER 
IS PRODUCED IN THE FUEL. THE METHOD WAS DEVELOPED SPECIFICALLY 
FOR FAST REACTOR SAFETY ANALYSIS. THE ADVANTAGES CF FACTORIZATION 
ARE GREATEST FOR SUCH SYSTEMS, THOUGH THE CODE HAS BEEN SHOWN TO 
PERFORM ADEQUATELY CN THERMAL PEACTOR PROBLEMS. 

5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMUM CF 
30 ENERGY GROUPS 
15 DOWNSCATTER GROUPS 
6 DELAYED NEUTRON FAMILIES 

20 SPATIAL REGIONS 
16 MATERIAL MIXTURES PER REGION 

150 MESH POINTS 

6. TYPICAL RUNNING TIMF - A 29-GRCUP, 15 DOWNSCATTER, 51 MESH 
PPINT ROC-DROP PROBLEM RUN TO 30 REACTOR SECONDS EXECUTES IN 29 
MINUTES PN THE CD03600 AND 10 MINUTES CN THE IEM36C/75. A 10-
GROUP, 6 DOWNSCATTER, 53 POINT PULSED REACTCR PROBLEM RUN TC 1 
MSEC. REACTOR TIME EXECUTES IN 10 MINUTES ON THE IBM360/75. 
RUNNING TIME ESTIMATES CANNOT BE GENERALIZED BECAUSE OF THE HIGH 
CEGREE OF DEPENDENCE ON THE REQUIRED ACCURACY OF SCLUTICN, TYPE 
OF PERTURBATION, AND THE EIGENVALUE SEPARATION OF THE SPACE-
ENERGY EQUATION. 

7. UNUSUAL FEATURES CF THE PRCGRAM - THE RUNNING TIME CAN BE RE
DUCED GREATLY FOR PROBLEMS REQUIRING RELATIVELY LOW ACCURACY, 
ANC THE COCE HAS BEEN SHOWN TO REPRODUCE THE RESULTS OF DIRECT 
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7 . UNUSUAL FEATURES OF THE PRCGRAM ( C O N T I N U E D ) 
F I N I T E - D I F F E R E N C E CODES WHEN CONVERGENCE I S T I G H T E N E D . AN A U T O 
M A T I C T I M E - S T E P SELFOTCR I S P R O V I D E D TC O P T I M I Z E THF T I M E C I S T R I 
B U T I O N OF SHAPE F U N C T I O N R E C A L C U L A T I O N S D U P I N G THE T R A N S I E N T . A 
TRUE P P I N T K I N E T I C S PRCBLEM CAN BE RUN U S I N G ONLY THE I N I T I A L 
SHAPE F U N C T I O N . A COMPACT PRCRLEM E C I T I S G I V E N I N TERMS OF THE 
F A M I L I A R I N T E G R A L Q U A N T I T I E S OF R E A C T I V I T Y , E F F E C T I V E D E L A Y E D -
NFUTPON F R A C T I O N , G E N E R A T I O N T I M E , E T C . VERY GENERAL PROBLEM 
D R I V I N G F U N C T I O N S AND T I M E - S T E P C C N T R C L S MAY BE U S E C . A G R O U P -
C O L L A P S I N G SYSTEM IS B U I L T INTO THE PRCBLEM P R E P A R A T I O N MODULE OF 
THF C O D E . 

fl. RELATED ANC A U X I L I A R Y PROGRAMS -

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
C D C 3 6 0 0 V E R S I O N S U B M I T T E D JANUARY 1 9 7 1 . 
I B M 3 6 0 / 7 5 V E R S I C N S U B M I T T E C JANUARY 1 9 7 1 , SAMPLE PROBLEM 

E X E C U T E D BY A C C . 

I ' j . REFERENCES - K . 0 . OTT AND D . A . M E N E L E Y , ACCURACY PF THE 
O U A S I S T A T I C TREATMENT OF S P A T I A L REACTCR K I N E T I C S , N U C L . S C I . 
E N G . , 3 6 , 4 0 2 ( 1 9 6 9 ) . 

D . A . M E N E L E Y , K. C . O T T , AND E . S . W I E N E R , 
FAST RFACTCR K I N E T I C S - THE C X I CODE, A N L - 7 7 6 9 , MARCH 1 9 7 1 . 

1 1 . M A C H I N E R E Q U I R E M E N T S - FOR THE 0 0 0 3 6 0 0 , 64K MEMCRY, I N P U T , C U T P U T , 
ANO PUNCH T A P E S , A MAXIMUM CF 2 CROSS S E C T I O N T A P E S , ANO A M A X I 
MUM OF 6 SCRATCH T A P F S . ON THE I B M 3 6 0 / 7 5 , 5 6 0 K BYTE MEMORY, 
I N P U T , O U T P U T , AND PUNCH D A T A S E T S , A MAXIMUM OF 2 CROSS S E C T I C N 
D A T A S E T S . AND A MAXIMUM CF 6 SCRATCH D A T A S E T S . 

1 2 . PROGRAMMING LANGUAGES USED - FORTRAN I V ( I B M 3 6 0 ) AND 3 6 0 0 FCRTRAN 
( C D C 3 6 D P ) . EACH V E R S I O N HAS BEEN MACE fNDEPENDENT OF THE P E C U L I 
A R I T I E S PF LOCAL LANGUAGE TO THE MAXIMUM E X T E N T P O S S I B L E . V A R I 
ANCES ARE DOCUMENTED ON COMMENT CARDS W I T H I N THE C O D E . THE 
C D C 3 6 0 P V E R S I C N HAS BEEN ADAPTEC TC THE C D C 6 0 D O - S E R I E S LANGUAGE 
THROUGH I N T E R A C T I O N W I T H WORK C A R R I E D CUT ON A C D C 6 5 0 0 M A C H I N E . 

1 3 . O P E R A T I N G SYSTEM OR MONITOR UNCER W H I C H PRCGRAM I S EXECUTEC -
SCOPE 6 . 2 ( C D C 3 6 0 0 ) AND O S / 3 6 0 ( I B M 3 6 0 ) . 

1 4 . ANY CTHER PROGRAMMING CR O P E R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -
THF C D C 3 6 0 r V E R S I O N C O N S I S T S OF A M A I N PRCGRAM ANC 3 OVERLAY 
M O D U L E S . THE I B M 3 6 0 / 7 5 V E R S I O N DOES NOT EMPLOY O V E R L A Y S AT THE 
P R E S E N T T I M F . 

1 5 . NAME AND E S T A B L I S H M E N T OF AUTHOR -
D . A . MENELEY 
A P P L I E D P H Y S I C S D I V I S I O N 
ARGCNNE N A T I O N A L LABORATORY 
9 7 0 0 S . C A S S AVENUE 
A R G O N N E , I L L I N O I S 6 0 4 3 5 
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1 6 . M A T E P I A L A V A I L A B L E - M A G N E T I C TAPE T R A N S M I T T A L 
SCURCE DECKS ( 3 6 0 0 - 6 4 9 9 C A R D S , 3 6 0 - 6 0 9 1 C A R D S ) 
CONTROL I N F O R M A T I C N ( B I N A R Y CCNTROL CARDS 3 6 0 0 - 2 1 C A R D S , 

J C L 3 6 0 - 1 6 C C A R D S I 
SAMPLE PROBLEMS ( 3 6 0 0 - 2 0 5 CARCS, 3 6 0 - 1 9 3 C A R D S ) 
L I B R A R I E S ( 3 6 C 0 - 5 6 O 8 C A R D S , 3 6 0 - 5 6 0 8 C A R D S ) 
SAMPLE PROBLEM OUTPUT ( 6 6 SELECTED P A G E S ) 
REFERENCE R E P C R T , A N L - 7 7 6 9 

1 7 . CATEGORY - F 

KEYWORDS - 1 - D l M E N S l O N A L , M U L T I G R O U P , O I F F U S I O N , F A S T R E A C T O R S , 
K I N E T I C S , S P A C E - T I M E 
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1. NAME OR CESIGNATION CF PROGRAM - CRECT/CHECKER/RIGEL/PLOTFB/ 
LISTFC/DICTICN/SLAVE3/CAMMET 

2. COMPUTER FOP WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - 00066^0, IBM360 

3. DESCRIPTION OF PROBLEM OR FUNCTION - THIS PACKAGE CF EIGHT 
PROGRAMS IS CESIGNEC FOB PROCESSING ENCF/B II (EVALUATED NUCLEAR 
DATA FILE VERSION B FORMAT II) TAPES. 

CRFCT PROVIDES A MEANS OF CORRECTING ASSEMBLED DATA CN A TAPE 
BY INSERTION AND DELETION CF CATA. 

CHFCKER CHECKS THAT THE ENDF/B BCD CARD IMAGE FORMAT TAPES ARE 
IN PROPER FORMAT AND ALL FIELDS ARE WITHIN SPECIFIED LIMITS, 
RATHER THAN THE PHYSICS OF THE DATA LIBRARY. ANGULAR DISTRIBU
TIONS RECONSTRUCTED FROM LEGENDRE COEFFICIENTS ARE CHECKED TC 
ENSURE THEY APE EVERYWHERE POSITIVE. 

RIGFL WILL PERFORM ANY OR ALL CF THE FCLLCWINC OPERATIONS -
SELECTIVELY RETRIEVE ENDF/R DATA ON FROM 1 TO 9 ENDF/B TAPES, 
MERGE RETRIFVED ENDF/R CATA ONTO FROM 1 TO 8 ENDF/B RESULT TAPES, 
CHANGE TAPF ARRANGEMENT (FPOM STANDARD TO ALTERNATE OR VICE 
VERSA) ANC CHANGE TAPE MODE. 

LISTFO PRODUCES INTERPRETEC LISTINGS OF INFORMATION FROM BCD 
STANDARD ARRANGEMENT ENDF/B TAPES. 

DICTION CONSTRUCTS A NEW SECTION DICTIONARY (FILE 1, SECTION 
451) FOR AN ENTIRE ENDF/B TAPE. IF A SECTION DICTIONARY IS 
ALREADY PRESENT IT IS REPLACED. 

PLOTFP PROCESSES ENDF/B LIBRARY TAPES WHICH CONTAIN DATA 
EMBEDDED WITHIN A NECESSARY LIBRARY STRUCTURE IN ORDER TC PRODUCE 
COMPREHENSIVE LISTINGS ANO/OR PLOTS. THE LISTINGS AND/OR PLOTS 
CCNTAIN AN EXTENSIVE AMOUNT OF INFORMATION RELATED TO THE DATA, 
SUCH AS TEMPERATURE DEPENDENCE, PHYSICAL .UNITS OF THE DATA, INTER
POLATION LAWS FOR THE CATA, CRYPTIC TITLES DEFINING THE REACTION 
TYPE, ETC. 

SLAVF3 PROVIDES MODULAR SLBROLTINES WHICH CAN BE ASSEMBLED TO 
RETRIEVE AND PROCESS ENDF/B DATA FOR A SPECIFIC PROBLEM. 

DAMMFT SELECTIVELY MERGES CATA FROM CNF CR TWO ENCF/B LIBRARY 
TAPES ONTO A FINAL TAPE. THE MODE (BCD OR BINARY) AND ARRANGEMENT 
(STANDARD OR ALTERNATE) MAY BE CHANGEC CURING THIS PROCESS. 

4. METHOD PF SOLUTION - CRECT ACCEPTS A BCD TAPE IN ENDF/B FORMAT AS 
INPUT AND PRODUCES A CORRECTEC ENDF/B TAPE AS OUTPUT. CORRECTIONS 
CONSIST OF INSERTIONS, DELETIONS AND CHANGES SPECIFIEC ON INPUT 
CARDS. 

CHFCKFR - MCST DATA ARE SUBMITTED TO RANGE LIMIT CHECKS. 
TABULATED DATA ARE CHECKED FCR SMOOTHNESS IN ORC'R TC DETECT 
POSSIBLE MISPUNCHED VALUES. LEGENDRE COEFFICIENTS ARE CONVERTED 
TO MOMENTS AND MOMENTS ARE CHECKED TC CETERMINE IF THEY ARE 
PHYSICALLY POSSIBLE. THE LEGFNDRE EXPANSION IS CHECKED FCR 
POSITIVITY IN THE INTERVAL -1 .LE. COS THETA .LE. I. 

IN PLOTFB THF SPECIFIED STRUCTURE CF THE LIBRARY ALLCWS CATA TO 
RE SUBCLASS IFIED UNDER NUCLIDES, CLASSES OF DATA, AND REACTICN 
TYPES. THE WELL-OEFINEC STRUCTURE PERMITS THE ASSOCIATED INFORMA-
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4 . METHOD PF S P L U T I O N ( C P N T I N U E C ) 
T I P N TO BE ACCFSSED RY C O N V E R T I N G M A T E P I A L NUMBERS TO H O L L E R I T H 
T I T L E S , F T C . PLOTS ARE GENERATED U T I L I Z I N G A P L O T T I N G PACKAGE 
WHICH I N C L U D E S S C A L I N G , G R I C , ANC N O R M A L I Z A T I O N R O U T I N E S . PLOTS 
CAN BF GFNERATED I N E I T H E R L I N E A R - L O G A X I S OB A M I X T U B E OF B O T H . 

WHFN MERGING TWO TAPES AND C O N V E R T I N G TO A OATA FORMAT OTHER 
THAN THAT OF E I T H E R I N P U T T A P E , CAMMFT PERFORMS A T W O - P A S S OPERA
T I O N . THE F I R S T PASS C O N S I S T S CF S E L E C T I N G CNLY THE CATA REQUIREC 
ANC C O N V F R T I N G I T TO THE FCRMAT OF THE F I N A L T A P E , W I T H STORAGE OF 
THE OATA ON AN I N T E R M E D I A T E T A P E . UPON C O M P L E T I O N OF THE F I R S T 
PASS ON BOTH T A P F S , R E S U L T I N G I N TWO I N T E R M E D I A T E T A P E S , THE 
SECOND PASS MERGES BOTH I N T E R M E C I A T E T A P E S TO THE F I N A L DATA TAPE. 

5 . R E S T R I C T I O N S PN THE C O M P L E X I T Y CF THE PROBLEM -
I N CRFCT CORRECT SEQUENCE ANC M A T E R I A L F I E L D S OF THE DATA TAPE 

ARF ASSUMED. I N BOTH CHECKER AND CRECT CATA MUST BE I N E N C F / B BCD 
STANDARD ARRANGEMENT CARC IMAGE F O R M A T . 

I N CHECKFR CORRECT STRUCTURE OF THE CATA T A P E IS ASSUMED AND 
MINOR A N O M A L I E S ARE N O T E D . COMMON AND MAJOR I R R E G U L A R I T I E S CAUSE 
T E R M I N A T I O N OF E X E C U T I O N A C C O M P A N I E D BY A CORE D U M P . 

D I C T I O N CAN HANDLE CNLY E N D F / B BOC STANCARD ARRANGEMENT TAPES 
W I T H n O ' ' OR FEWER S E C T I O N S . 

I N PLCTFR DATA MUST BE IN E I T H E R THE E N D F / B BCD OR B I N A R Y 
STANDARD ARRANGEMENT CARD IMAGE F O R M A T . PLOTFB CAN EXTRACT DATA 
CNLY TO THE M A T E R I A L AND F I L E LEVEL OF DATA W I T H I N THE ENDF 
L I R R A R Y . 

I N DAMMET A S P E C I F I C R E A C T I O N CANNCT BE EXTRAOTEC FROM A 
TAPE UNLESS I T I S W I T H I N A F I L E OR M A T E R I A L S E L E C T E D . 

6 . T Y P I C A L RUNNING T I M E -
CDC 6 6 0 0 -

.037 SECONDS CF OP TIME IS REQUIREC TO PROCESS ONE RECORD 
OF BCD INFORMATION IN CHECKER. TYPICAL CP TO PP TIME RATIO FOR 
THF SHORT FORM OUTPUT IS 1 TC 4, FOR LONG FORM OUTPUT, 1 TO 6. 

IN CRECT 2 SECONDS OF CP TIME ARE REQUIREC. TYPICAL CP TO PP 
TIME PATIO IS 1 TO 5. 

IN OAMMET 3 TO 7 MINUTES OF CP TIME ARE REQUIRED TO PROCESS 13 
NUCLIDES. TYPICAL CP TO PP TIME RATIO IS APPROXIMATELY 3 TC 1. 

IN PLOTFB 4 MINUTES OF CP TIME AND 10 MINUTES CF PP TIME ARE 
REQUIRED TC LIST AND PLCT 35 MATERIALS (APPROXIMATELY 3500 DATA 
CARDS). 

IN SLAVE3 RUNNING TIME IS DEPENDENT ON THE SELECTION OF SUB
ROUTINES AND PROCESSING REQUIREMENTS. TYPICAL CP TO PP TIME 
RATIO IS 1 TO 3, AND AN AVERAGE RUN IS 4 MINUTES. 
IBM360 -

CHFCKER REQUIRES ABCUT 1 MINUTE FCR EACH 6000 CARD IMAGES ON 
THE INPUT TAPE. 

CRECT REQUIRES ABOUT 1 MINUTE FOR EACH 5000 CARD IMAGES ON THE 
INPUT TAPE. 

7. UNUSUAL FEATURES OF THE PROGRAM - IN CHECKER THERE ARE TWO OUTPUT 
OPTIONS - (A) LONG FORM, WHICH LISTS EACH CARD IMAGE AS WELL AS 
THE ANOMALIES ENCOUNTERED, AND (B) SHORT FORM, WHICH LISTS CNLY 
THE ANOMALIES ENOCUNTEREC EY THE PROGRAM (MINIMUM OUTPUT OPTION). 
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8 . R E L A T E D AND A U X I L I A R Y PROGRAMS - ALL E I G H T PROGRAMS PERFORM AN 
I N D E P E N D E N T O P E R A T I O N CN E N D F / B C A T A . CRECT MAY PE USED TO C O R 
RECT ERRORS D E T E C T E D RY C H E C K E R . 

9 . S T A T L S - ABSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
C 0 C 6 6 D D V E R S I O N S OF ALL 8 CODES S U B M I T T E D DECEMBER 1 9 7 0 . 
I R M 3 6 0 V E R S I C N S OF CHECKER ANC CRECT S U B M I T T E D 

MARCH 1 9 7 1 . 

1 0 . REFERENCES - N A T I O N A L NEUTRCN CROSS S E C T I O N C E N T E R , D E S C R I P T I O N OF 
THF E N D F / B P R O C E S S I N G CODES AND R E T R I E V A L S U B R O U T I N E S . B N L - 5 ( i 3 U 0 
( F N D F - l l O ) , SEPTEMBER 1 9 6 7 , R E V I S E D A P R I L 1 9 6 9 , R E V I S E D SEPTEMBER 
1 9 7 0 , R E V I S E D JUNE 1 9 7 1 . 

H . C . H O N E C K , E N D F / B - SPEC I F I C A T I C N S FCR AN E V A L U 
ATED NUCLEAR DATA F I L E FOR REACTOR A P P L I C A T I O N S , B N L - 5 0 0 6 6 , MAY 
1 9 6 6 , R E V I S E D JULY 1 9 6 7 . 

M . K . D R A K E , DATA FORMAT AND PROCEDURES FCR THE 
ENCF NEUTRON CROSS S E C T I C N L I B R A R Y , B N L - 5 0 2 7 4 , OCTOBER 1 9 7 C . 

1 1 . M A C H I N E R E Q U I R E M E N T S -
o r e 6 6 0 0 -

FOR CHECKER 5 6 , 3 0 0 CCTAL ( A P P R O X I M A T E L Y 2 4 , 0 0 0 D E C I M A L ) WORDS 
OF CORE STORAGE AND ONF TAPE (OR D I S C ) L N I T 

FCR CRFCT 1 3 , 0 0 0 CCTAL WOPCS CF CORE STORAGE AND TWO DATA S T O R 
AGE U N I T S . 

FOR P L O T F B 7 3 , 7 0 0 OCTAL (ABOUT 3 C , C C 0 D E C I M A L ) WORDS CF CCRE 
STCRAGE ANO THREE T A P E (CR D I S C ) U N I T S . 

FOR S L A V E 3 4 0 , 0 0 0 CCTAL ( A P P R O X I M A T E L Y 1 8 , 0 0 0 D E C I M A L ) WORDS 
CF CORF STORAGE AND ONE OR TWO TAPE (OR D I S C I L N I T S W I L L BE 
R F Q U I R ' ^ n FCP A T Y P I C A L J O B . 

FOR DAMMET 6 1 , 0 0 0 OCTAL ( A B O U T 2 5 , 0 0 0 D E C I M A L ) WORDS CF CORE 
STORAGE AND A MAXIMUM OF F I V E TAPE (OR D I S C ) U N I T S . 
I B M 3 6 0 -

CHFCKER R E Q U I R E S 3 0 0 K B Y T E S FCR E X E C U T I O N . 
CRECT R E Q U I R E S 1 5 0 K BYTES FOB E X E C U T I O N . 

12. PROGRAMMING LANGUAGE USEC - FORTRAN IV 

13. OPFRATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE (CDC660O), OS/360 (IBM360). 

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

15. NAME AND ESTABLISHMENT OF AUTHORS -
6600 ODELL I OZER 

NATIONAL NEUTRON CROSS SECTION CENTER 
BROOKHAVEN NATIONAL LABORATORY 
UPTON, LONG ISLAND, NEW YORK 11973 

360 E. M. PENNINGTON 
APPLIED PHYSICS DIVISION 
ARGONNE NATIONAL LABORATORY 
ARGONNE, ILLINOIS 60439 
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1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECKS (CRECT 6 6 0 0 - 2 5 7 CARDS, 3 6 0 - 2 7 4 CARDS, CHECKER 

6 6 0 0 - 3 1 9 2 CARDS, 3 6 0 - 3 1 9 9 CARDS, RIGEL 6 6 0 0 - 2 0 6 0 
CARDS, LISTFC 6 6 0 0 - 2 6 6 7 CARDS, D ICTION 660C-2G0 
CARCS, PLOTFB 660 ,0 -4015 CARCS, SLAVE3 6 6 0 0 - 2 2 4 0 
CARDS, DAMMET 6 6 0 0 - 1 9 5 7 CARDS) 

CCNTROL INFORMATION ( 3 6 0 - 5 CARDS, 3 6 0 0 - 1 3 CARDSI 
SAMPLE PROBLEM (CHECKER 3 6 0 - 8 CARCSI 
REFERENCE REPORT, BNL-503CC 

17. CATEGORY - M 
KEYWORDS - DATA PROCESSING, CROSS SECTICNS. GRAPHS, INPUT CATA, 

LIBRARIES, MAINTENANCE. RETRIEVAL 
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1 . NAME OR C E S I G N A T I O N OF PROGRAM - C A G E / B I R O / S P E C 

2 . COMPUTER FOP WHICH PROGRAM I S D E S I G N E D AND CTHERS UPCN W H I C H 
I T I S O P E R A B L E - U N I V A C l l O B 

3 . D E S C R I P T I O N OF PROBLEM OR F U N C T I C N - C A G E / B I R D / S P E O I S A PACKAGE 
OF THREE I N C E P F N D E N T CODES D E S I G N E D FOR THE R E D U C T I O N AND P R O C E S S 
I N G PF NFUTPON T I M E - O F - F L I G H T SPECTRA I N PULSEC M U L T I P L Y I N G OR 
N O N - M U L T I P L Y I N G A S S E M B L I E S . 

4 . MFTHCD PF S O L U T I O N - CAGE COMPUTES THE T I M E - E N E R G Y NEUTRON S P E C 
TRUM IN A Z E R O - D I M E N S I O N , M U L T I G R O U P O N E - CR T W C - P O I N T MODEL 
ACCORDING TC A FREQUENCY C O L L I S I O N M E T H O C . CAGE I S ALSO EMBEDDED 
I N B I R D . B I R D C A L C U L A T E S THF T I M E - C F - F L I G H T DEPENDENT C O R R E C T I O N 
FACTOR TO BE A P P L I E D TO NEUTRON T I M E - O F - F L I G H T SPECTRA I N ORDER TC 
CORRECT THFM FOR NEUTRCN E M I S S I O N T I M E E F F E C T S AND DETECTOR E F F I 
C I E N C Y . T H I S I S DONE BY C O M P U T I N G THE NEUTRON T I M E - O F - F L I G H T 
SPECTRUM W I T H AND W I T H O U T THE D I S T O R T I O N DUE TO NEUTRON E M I S S I O N , 
DFTEOTOP E F F I C I E N C Y , E T C . , ANC C O M P U T I N G THE R A T I O OF THE TWO 
SPECTRA FPR EACH T I M E C H A N N E L . SPEC PEBFCRMS THE ACTUAL DATA P R O 
C E S S I N G JOB - RACKGRPUND E V A L U A T I O N ANC S U B T R A C T I O N , E L E C T R O N I C 
D F A D T I M E C O R R E C T I O N , USE OF THE C C R R E O T I C N FACTOR COMPUTED BY 
B I R D TO CONVERT THE OATA FROM COUNTS PER U N I T OF T IME TO NEUTRONS 
PER L N I T CF L F T H A R G Y , S T A T I S T I C A L ERROR A N A L Y S I S , GROUPING AND 
E D I T I N G . 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y CF THE PROBLEM - A MAXIMUM OF 35 
GROUPS FOR THE M U L T I G R O U P C A L C U L A T I C N FCR CAGE ANC B I R C . D E A C T I M E 
C O R R E C T I O N R O U T I N E S OF SPEC ARE D E S I G N E D FOR TMC 2 0 1 , 2 1 1 , AND 2 1 2 
1 0 ? 4 - C H A N N E L ANALYZERS AND FCR AN O N - L I N E C D C 1 7 C C . 
OTHER MAXIMA I N C L U D E - % 

2 0 0 0 NEUTRCN G E N E R A T I O N S ( C A G E ) 
1 1 0 0 NEUTRPN G E N E R A T I O N S ( B I R D ) 

1 5 0 P O I N T S I N THE R E F E R E N C E F I N E GROUP SPECTRUM 
1 5 0 P C I N T S I N T H F CETFOTOR E F F I C I E N C Y TABLE 
1 0 0 P O I N T S I N THE F L I G H T PATH T R A N S M I S S I O N T A B L E 

2 0 0 0 T I M F CHANNELS FOR THE C O R R E C T I O N FACTOR C O M P U T A T I C N 

6 . T Y P I C A L R U N N I N G T I M E - CAGE R E Q U I R E S 3 M I N U T E S , B I R D 4 M I N U T E S , 
AND SPEC 1 M I N U T E FOR A T Y P I C A L C A S E . 

7 . UNUSUAL F E A T U R E S OF T H E PROGRAM - SPEC REACS T I M E - O F - F L I G H T OATA 
FROM CAPOS OR TAPES AND W R I T E S THE PROCESSED DATA ONTO T A P E S . 

8 . R E L A T E D AND A U X I L I A R Y PRCGRAMS - CAGE ANC B I R D ACCEPT THE I N P U T 
CROSS S F C T I O N S I N THE GGC FCRMAT (AOO ABSTRACT 2 9 8 ) . 

9 . S T A T L S - ABSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 
U N I V A C l l O B V E R S I O N S U B M I T T E D FEBRUARY 1 9 7 1 . 

1 0 . R E F E R E N C E S - P . O C U L T R E M C N T , C . H O U S T O N , AND J . C . YOUNG, C A G E -
B I P D - S P F C , A PACKAGE F O R T R A N - V SYSTEM FCR THE B E O U C T I C N AND A N A L Y -
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1 0 . REFERENCES ( C C N T I N U E C I 
S I S OF NFUTRON T I M E - O F - F L I G H T S P E C T R A , G U L F - R T - 1 0 1 9 5 , NOVEMBER 

1 8 , 1 9 7 0 . 
P . O C U L T R E M C N T , T I M E - D E P E N D E N T A N A L Y S I S OF S U B C R I T I 

CAL OR N O N - M U L T I P L Y I N G S Y S T E M S , NUCLEAR S C I E N C E ANC E N G I N E E R I N G , 
V C L . 3 7 , P P . 1 0 4 - 1 1 0 , 1 9 6 9 . 

P. D O U L T R E M C N T , AND J . 0 . Y O U N G , A M U L T I G R C U P TWO-
P O I N T K I N F T I C MODEL FOR THE T I M E - D E P E N D E N T A N A L Y S I S OF TWO-ZONE 
•^AST NFUTRON S Y S T E M S , NUCLEAR S C I E N C E ANC E N G I N E E R I N G , V O L . 4 0 , PP . 
3 ' < = - 3 4 2 , 1 9 7 C . 

J . ADIR AND K . D . L A T H R O P , THEORY AND METHCD USED I N 
THF G G C - 4 MULTIGROUP CROSS S E C T I O N C C D E , G A - 9 0 2 1 , OCTOBER 1 9 6 8 . 

1 1 . MACHINE REQUIREMENTS - 64K MEMCRY ANC ONE FAST CRUM AREA OF lOOK 
FPR CAGE AND B I R D . 50K MEMORY, 2 SCRATCH F I L E S A N D , ON O P T I O N , 
SEVERAL I N P U T / O U T P U T F I L E S FOR S P E C . 

1 2 . PROGRAMMING LANGUAGE USED - FCRTPAN V 

1 3 . O P E R A T I N G SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
E X E C P . 

! 4 . ANY CTHER PROGRAMMING OR O P E R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -

1 5 . NAMF AND E S T A B L I S H M E N T OF AUTHORS -
P . DOULTREMCNT, 0 . H . H O U S T O N , AND J . C . YOUNG 
GULF R A D I A T I O N TECHNOLOGY 
GULF ENERGY AND E N V I R O N M E N T A L SYSTEMS 
P . 0 . BOX 6 0 8 
SAN DIEGO, CALIFORNIA 92112 

1 6 . MATERIAL A V A I L A B L E -

SOURCE DECKS (CAGE 3 7 0 C A R D S , B I R C 5 0 5 C A R D S , SPEC 7 2 7 CARDSI 
REFERENCE R E P O R T , G U L F - R T - 1 0 1 9 5 

1 7 . CATEGORY - 0 

KEYWORDS - SPECTRA, DATA P R O C E S S I N G , N E U T R O N S , BACKGROUND, S T A T I S 
T I C S 
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1 . NAME OR DESIGNATION OF PROGRAM - 3CXT/CEP3 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
I T I S OPERABLF - CDC6600 

3 . CESCPIPTICN CF PROBLEM OR FUNCTION - THESE TWO CODES WERE 
DEVELOPED FOR USE WITH DETAILED REACTOR PHYSICS CALCULATIONS TO 
OBTAIN 3-DlMENSIPNAL XENCN TRANSIENT (3DXT) AND OEPLETICN (CEP3) 
CALCULATICNS. THFY ARE WELL SUITED FOR SURVEY STUDIES AND BECAUSE 
THEY INCORPORATE THREE-DIMENSIONAL EFFECTS WITH THERMAL FEEDBACK 
AND ROO SFARCH C A P A B I L I T I E S , ARE USEFUL FOR ASSESSING SITUATIONS 
SUCH AS RPD MISALIGNMENTS CR FUEL LOADING AND COOLANT FLOW ASYMME
TRIES WHICH ARE TIME-CCNSUMING ANO OFTEN IMPOSSIBLE TO CETECT WITH 
DETAILED 1 - OP 2-DIMENS IPNAL CODES. 

4 . MFTHOD PF SPLUTION - THE NEUTRONICS SOLLTION IS BASED ON MCCIFIEC 
ONE-GROUP THEORY. THE MATERIAL PROPERTIES ARE REPRESENTED RY 
NPDAL VALUES OF THE I N F I N I T E MULTIPLICATION FACTOR, THE MIGRATION 
LENGTH, F ISS ION CROSS SECTION, AND CHANGE IN K - I N F I N I T Y CUE TC 
INSERTION OF A ROC. THE REFLECTORS ARE REPRESENTED BY AN EXTRAPO
LATED FNP POINT. I N I T I A L MATERIAL PFCFEBTIES ARE INPUT ANC THE 
CODES ALTER THE VALUES TO ACCOUNT FCR CHANGES IN TEMPERATURE, 
XENON CONCENTRATION, RCC LOCATION, ANC CEPLETION. 

5 . RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM -
3CXT MAXIMUM -

ICO TIME-STEPS 
DEP3 MAXIMUM -

30 TIME-STEPS WITH 1 TC 5 XENON STEPS PER DEPLETION STEP 

6 . TYPICAL RUNNING TIME - A 3DXT STATIC PROBLEM WITH A 777-NCOE MODEL 
RFQUIRFS 20 SECONDS, WHILE A TRANSIENT PROBLEM WITH C R I T I C A L I T Y 
SFARCH AND F D I T (ALSO 777-NOCEI REQUIRES 1 MINUTE PER XENCN T I M E -
STEP. A 0FP3 STATIC PROBLEM WITH A 777-NODE MODFL REQUIRES 20 
SFCONDS, WHILE A TRANSIENT PROBLEM WITH CRIT ICAL ITY SEARCH ANC 
FDIT (ALSO 777-NODE) REQUIRES 3 TO 5 MINUTES PER DEPLETION T IME-
STEP. 

7 . UNUSUAL FEATURES OF THE PROGRAM -

8 . RELATED AND AUXILIARY PROGRAMS - THE KAPL CALCOMP PLOTTING ROU
TINES ( KAPLPLOT-ACC ABSTRACT 4961 ARE LSED. 

9 . STATLS - ABSTRACT FIRST DISTPIBUTED JANUARY 1 9 7 2 . 
CDC6600 VERSION SUBMITTED FEBRUARY 1 9 7 1 . 

1 0 . REFERENCES - W. M. STACEY, J R . , AND C. 0 . WADE, 3DXT AND DEP3 
THREE-DIMENSIONAL SPATIAL XENCN TRANSIENT AND CEPLETICN CODES, 
K A P L - 3 4 9 4 , JUNE 1 9 7 0 . 

R. J . CULLEN, 6 6 0 0 CALCOMP PLOTTER ROUTINES, SECTION 
I I , KAPL NOTE, JULY 2 5 , 1 9 6 6 . 

C. 0 . WAPE, ONE AND A HALF GROUP THEORY IN THE DEP3 
NODAL DEPLETION CCDE, KAPL NOTE, SEPTEMBER 2 9 , 1 9 7 0 . 
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1 1 . MACHINE REQUIREMENTS - 64K MEMCRY 

1 2 . PROGRAMMING LANGUAGF USED - FCRTRAN IV 

13. OPERATING SYSTEM CR MONITOR UNDER WHICH PRCGBAM IS EXECUTEC -

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
TO CONSERVE CENTRAL MEMORY, INPUT/OUTPUT BUFFERS MAY NOT EXCEED 
i n 2 LOCATIONS EACH. SUBRCUTINE P L T S I Z E , CALLED IN BCTH DEP3 AND 
3DXT, IS A CALCOMP ROUTINE WHICH ARRANGES THE PLOT OUTPUT 
ON ' " - I N C H PAPER. IT IS CALLED WITH 2 FLOATING POINT ARGUMENTS, 
THE WIDTH AND HEIGHT OF THE PLCT. 

15. NAME ANC ESTABLISHMENT OF AUTHCPS -
W. M. STACEY, JR. AND D. C. WADE 
KNOLLS ATCMIC POWER LABORATORY 
GENERAL ELECTRIC COMPANY 
ROX 1072 
SCHENECTACY, NEW YORK 12301 

1 6 . MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
SOURCE DECKS (3DXT 5923 CARCS, DEP3 6887 CARDSI 
SAMPLE PRORLEMS (3DXT 101 CARCS, DEP3 121 CARCS) 
SAMPLE PROBLEM OUTPUT (3DXT 31 SELECTED PAGES, DEP3 45 PAGES) 
RFFFRENCE REPORT AND KAPL NOTES 

1 7 . CATEGORY - D 
KEYWORDS - 3-DIMENSlONAL, XENON TRANSIENTS, DEPLETION, THERMAL 

FEEDBACK 



833 

ACC ABSTRACT 4 7 8 0 3 / 7 2 

1 . NAME OR C E S I G N A T I O N CF PROGPAM - B E T T I S E N V I R O N M E N T A L R O U T I N E S / 
M P 0 E L 6 / 3 . 2 / M 0 P E L 6 / 3 . 3 

2 . COMPUTER FOR W H I C H PROGRAM I S D E S I G N E D ANO OTHERS UPON WHICH 
I T I S OPERABLE - C D C 6 6 0 0 

3 . D E S C R I P T I O N OF PROBLEM OR F U N C T I O N - THE B E T T I S E N V I R O N M E N T A L R O U 
T I N E S EXTEND THE F O R T R A N LANGUAGE BY M C C I F Y I N G SCME OF THE S T A N D 
ARD C D C 6 6 0 0 L I B R A R Y R O U T I N E S AND BY A D D I N G R O U T I N E S TC THE L I B R A R Y 
TC F A C I L I T A T E D E C I M A L I N P U T ANC O U T P U T , F I L E M A I N T E N A N C E , SCRATCH 
I / O , STORAGE A L L O C A T I O N , U T I L I T Y F U N C T I O N S , O P E R A T I N G S Y S T E M 
I N T E R F A C I N G , ANC OPERATOR C O M M U N I C A T I O N . 

MCDEL ( M O D I F I E D E N V I R O N M E N T A L L I B R A R Y ) D I F F E R S FROM THE O R I G I 
NAL B F T T I S V E R S I O N I N THAT I T ALLOWS THE O P E R A T I N G S Y S T E M , RATHER 
THAN T H F E N V I R O N M E N T A L P A C K A G E , TO CCNTROL THE O P E R A T I N G E N V I R O N 
M E N T . 

4 . METHOD CF SOLUTION -

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y CF THE PROBLEM -

6 . T Y P I C A L R U N N I N G T I M E -

7 . UNUSUAL FEATURES PF THE PRCGRAM -

8 . RELATED AND A U X I L I A R Y PROGRAMS - THE B E T T I S ENVIRONMENTAL R O U T I N E S 
AND MPDFL ARE USED BY MOST OF THE B E T T I S PROGRAMS. HOWEVER, 
MPCEL I N C L U D E S CNLY F I L E H A N C L I N G ANC STORAGE A L L O C A T I O N F A C I L I -
T I F S . 

9 . STATUS - ABSTRACT F I R S T C I S T R I B U T E O JANUARY 1 9 7 2 . 
C 0 C 6 6 0 0 B E T T I S SCCPE 2 V E R S I O N S U B M I T T E D JANUARY 1 9 6 7 . 
C D C 6 6 0 0 BABCOCK + WILCOX SCOPE 3 . 1 V E R S I P N S U B M I T T E D 

FEBRUARY 1 9 7 0 , W I T H U P C A T E C SCOPE 3 . 3 S U B R O U T I N E S 
ADDED OCTOBER 1 9 7 1 . 

0 D C 6 6 O O MODEL SCOPE 3 . 1 V E R S I O N S U B M I T T E D JUNE 1 9 7 C , 
REPLACED BY SCOPE 3 . 2 V E R S I O N NOVEMBER 1 9 7 1 . 

C 0 C 6 6 O 0 MODEL SCOPE 3 . 3 V E R S I C N S U B M I T T E D CECEMBER 1 9 7 1 . 

1 0 . R E F E R E N C E S - C . J . P F E I F E R , C C C - 6 6 0 0 FORTRAN PROGRAMMING - B E T T I S 
F N V I R O N M F N T A L R E P O R T , W A P O - T M - 6 6 8 , JANLARY 1 9 6 7 . 

R . S . HORECK, L . A . B O E L T E R , AND R . W. M O R S T A O , 
MCDEL - M C D I F I E D E N V I R O N M E N T A L L I B R A R Y , C D C - 6 6 n 0 FORTRAN PROGRAM
M I N G G U I C E , COC R E P O R T , SEPTEMBER 1 9 7 1 . 

e . W. Y E A T T S . R . S . H O R E C K , L . A . B O E L T E R , AND 
R. W. M O R S T A O , MCDEL - M C D I F I E C E N V I R O N M E N T A L L I B R A R Y , V E R S I O N 
6 / 3 . 2 I N S T A L L A T I O N G U I D E , CDC R E P O R T , NOVEMBER 1 9 7 1 . 

P . W. Y E A T T S ANC L . A . B O E L T E R , MOCEL - M O D I F I E D E N 
V I R O N M E N T A L L I B R A R Y , V E R S I C N 6 / 3 . 3 I N S T A L L A T I O N G U I D E , CCC R E P O R T , 
CFOEMRFR 1 9 7 1 . 
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1 1 . MACHINF R E Q U I R E M E N T S - FOR THE B E T T I S V E R S I O N 6 5 , 3 5 6 WORDS CF 6 0 -
B I T TORE STORAGE (MORE CR LESS CAN BE U S E D ) , A SYSTEM ( 6 6 0 3 ) D I S K , 
AT LEAST 2 MAGNETIC T A P E S , AT LEAST 4 N O N - S Y S T E M C I S K S , EACH CN 
I T S OWN CHANNEL, AND 0 0 0 - 2 8 0 P L O T T I N G HARDWARE. 

FCP THE MCDEL V E R S I C N S 6 5 , 3 5 6 WORDS OF 6 0 - B I T CORE STORAGE 
(MORE CAN BF U S E D ) , 2 MAGNETIC T A P F S , AND 4 MASS STCRAGE C E V I C E S , 
EACH CN I T S OWN C H A N N E L . 

1 2 . PROGRAMMING LANGUAGES USED - FORTRAN I V ANC ASCENT ( B E T T I S AND 
R A B C C C K + W I L C P X ) , FORTRAN I V AND COMPASS ( M O D E L ) 

1 3 . O P F R A T I N G SYSTEM PR MONITOR LNDER WHICH PROGRAM I S EXECUTED -
SCOPF ? . ' • ( P E T T I S ) , SCOPE 3 . 1 (BABCOCK + W I L C O X ) , SCOPE 3 . 2 
( M O D E L ) , SCCPF 3 . 3 ( M C C E L ) . 

1 4 . ANY OTHER PROGRAMMING OR O P E R A T I N G I N F C R M A T I O N OR R E S T R I C T I O N S -
THF O P F R A T I N G SYSTEMS TO BE ENHANCED BY MODEL 6 / 3 . 2 AND MODEL 
6 / 3 . 3 ARE C 0 C 6 6 0 0 SCCPF 3 . 2 ANC SCOPE 3 . 3 , R E S P E C T I V E L Y . THE 
USFR MUST P R O V I D E A S I T E - C O N F I G U R E D SCOPF 3 . 2 OR SCOPE 3 . 3 SCURCE 
CODE F I L E , I N UPDATE PRCGRAM L I B R A R Y F C R M A T . UPDATE IS THE SCOPE 
SOURCE LANGUAGE L I B R A R Y MAINTENANCE PROGRAM, AS DOCUMENTED I N THE 
SCCPE REFERENCE M A N U A L . AS A RESULT OF THE I N S T A L L A T I O N PROCE
D U R E , A SCOPE 3 . 2 OP SCOPE 3 . 3 CEADSTART TAPE W I T H MODEL ROUTINES 
AND A CORRESPONDING SOURCE CCDE F I L E W I L L BE P R O D U C E D . THE MCDEL 
FOPTRAN-CGDFD R O U T I N E S MUST BE C O M P I L E C U S I N G THE RUN COMPILER OR 
V A R I A T I O N S THEREOF ( E . G . , F U N - 5 3 ) . THE COMPASS-CODED ROUTINES 
MUST RE ASSEMBLED U S I N G THE COMPASS 2 . 0 A S S E M B L E R . 

1 5 . NAME AND E S T A B L I S H M E N T PF AUTHCPS -
B E T T I S C . J . P F E I F E R 

R E T T I S ATOMIC POWER LABORATORY 
WESTINGHOUSE E L E C T R I C C O R P O R A T I O N 
P . 0 . BOX 7 9 
WEST M I F F L I N , P E N N S Y L V A N I A 1 5 1 2 2 

B+W M. L . DECH AND R . W. MCCRANEY 
CONTROL DATA C C R P O R A T I O N 
G . R. POETSCHAT AND G . L . RUSSELL 
THE BABCOCK + WILCOX COMPANY 
POWER G E N E R A T I O N D I V I S I O N 
P . 0 . BOX 1 2 6 C 
LYNCHBURG, V I R G I N I A 2 4 5 0 5 

MODEL B . W. Y E A T T S , R. S . H O R E C K , L . A . B O E L T E R , 
ANC R . W. MORSTAO 
CONTROL DATA C C R P C R A T I O N 
M I N N E A P O L I S , M INNESOTA 5 5 4 4 0 

1 6 . MATERIAL A V A I L A B L E - R E S T R I C T E D D I S T R I B U T I O N 
MAGNETIC TAPE T R A N S M I T T A L 

SOURCF CECKS ( B E T T I S 2 1 , 1 2 3 C A R D S , B+W 2 1 , 2 5 8 C A R D S , B+W SCOPE 
3 . 3 R O U T I N E S 4 4 4 C A R D S , MODEL 6 / 3 . 2 10 54 BCD 
R E C O R D S , MODEL 6 / 3 . 3 1 C 2 2 BCD RECORDS) 

REFERENCE REPORTS 
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1. NAME OR DFSIGNATICN CF PROGRAM - FREACMl 

2. COMPUTER FOR WHICH PROGRAM IS CESIGNEC AND OTHERS UPON WHICH 
IT 1S OPERABLE - GE635 

3. DESCRIPTION OF PROBLEM OR FUNCTION - FREADMl IS A FAST REACTOR 
MULTICHANNEL ACCIDENT ANALYSIS PROGRAM CFSIGNED TO EFFICIENTLY 
SIMULATE A REACTOR TRANSIENT FROM INITIATION TO THE PCINT OF CCRE 
DISASSEMBLY. MODELS ARE INCLUCEC FOR NUCLEAR KINETICS (POINT 
M O P E L ) , CORF THERMO-HYCRAULICS, VOIDING, FUEL RED 1STRI BUT ICN, 
FAILURE PROPAGATION, PROGRAMMEC REACTIVITY INSERTION, AND THE 
DYNAMICS CF PRIMARY SYSTEM CCCLANT FLOW. A BRCAD RANGE OF ASSUMED 
ACCICENT INITIATING AND PROPAGATING ACTIVITIES MAY BE SIMULATED 
USING TRIGGERING LOGIC INCLUDED IN THE CODE . 

4. METHOD OF SOLUTION - TIME INTEGRATION CF THE EQUATIONS FCR THE 
DYNAMICS OF NUCLEAR KINETICS, HEAT TRANSFER AND PRIMARY LOOP 
OnOLANT FLOW MAY BE PERFORMED IN A COUPLEC MODE, OR INDEPENDENTLY. 
TRANSIENT TEMPERATURE CONDITIONS COMPUTED FOR SINGLE PINS, REPRE
SENTATIVE OF A NUMBER CF BUNCLE TYPES, MAY BE USED TO INITIATE 
PRESCRIBED ACCIDENT INITIATING ANO/CR PROPAGATING ACTIVITIES. THE 
USER SUPPLIES CRITERIA FOR INITIATING THESE ACTIVITIES. REACTIV
ITY FEEDBACK FROM THE VARIOUS ACTIVITIES MAY BE COMPUTED USING 
MODELS IN THE CODE, OR INPUT FROM TABLES. 

5. RESTRICTIONS CN THE COMPLEXITY OF THE PROBLEM - FREADMl IS 
RESTRICTED TO ACCIDENTS WHICH INITIATE AND PROPAGATE UNIFORMLY 
WITHIN ANNULAR OR CYLINDRICAL COAXIAL CORE REGIONS. 

HFAT TRANSFER CALCULATIONS FOR UP TC 12 RACIAL CORE REGIONS 
MAY BF PERFORMED SIMULTANEOUSLY WITH UP TO 12 SEPARATE BUNDLE 
TYPES SUBDIVIDED INTO 9 CR LESS AXIAL SECTIONS. RACIAL HEAT 
TRANSFER CALCULATIONS ARE CONE USING UF TC 10 RADIAL FUEL NODES, A 
CLAD NODE ANO A COOLANT NODE FOR EACH AXIAL SECTION. LCOP FLOW 
MAY RF TREATED USING A MAXIMUM OF 2 INCEPENDENT PRIMARY COOLANT 
LOOPS (LPPPS MAY BE OF DIFFERENT SIZES TC SIMULATE MORE THAN 2 
L O O P S ) . POINT KINETICS WITH UP TO 6 DELAYED NELTRCN PRECURSER 
GROUPS IS USED TC OCMPUTF THE TRANSIENT PCWER LEVEL OF THE CORE. 

6. TYPICAL RUNNING TIME - RUNNING TIME FOR FREADMl IS STRONGLY 
DEPENDENT CN THE OPTIONS UTILIZEC ANC VALUES SUPPLIED FOR TIME-
STFP CONTROL. 200 KINETICS TIME-STEPS WITH DOPPLER FEEDBACK FCR 
12 BUNDLE TYPFS, 9 AXIAL SECTIONS REQUIRE ABOUT .9 MINUTES OF 
GF63E PROCESSOR TIME. 87 COUPLEC KINETICS AND HEAT TRANSFER TIME-
STEPS USING 12 BUNDLE TYPES AND 9 AXIAL SECTIONS REQUIRE ABCUT 4.4 
MINUTES CF GEt35 PROCESSOPE TIME. 32 COUPLED LOOP FLOW, KINETICS 
AND HEAT TRANSFFR TIME-STEPS USING 12 BUNDLE TYPES AND 9 AXIAL 
SECTIPNS RECUIRE ABOUT 5 MINUTES OF GE635 PROCESSOR TIME. CCMPU-
TATICN TIMF PFR TIMF-STEP FCR HEAT TRANSFER CALCULATIONS IS PRO
PORTIONAL TP NBT • NAX WHERE NBT = NUMBER OF BUNDLE TYPES AND 

NAX = NUMBER OF AXIAL SECTIONS. COMPUTATION TIME PER TIME-STEP 
FOR AN INDPPFNOENT LOOP FLOW ANC VOIDING CALCULATIONS IS ABOUT 15 
SECONDS OF GEf35 PROCESSOR TIME. 
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7. UNUSUAL FEATURES OF THE FRCGPAM - FREACMl IS HIGHLY FLEXIBLE BCTH 
IN THE COMPLEXITY OF THF PROBLEM SOLVED ANO THE SELECTION CF SOLU
TICN METHCDS. LOCP FLCW, KINETICS ANO HEAT TRANSFER CALCULATIONS 
MAY BF PCNE SEPARATELY OR IN A COUPLED MCDE. TRIGGER LOGIC PRO
VIDED IN FREADMl PERMITS THE SEQUENCE OF ACCIDENT I N I T I A T I N G AND 
PROPAGATING A C T I V I T I E S TC BF DETERMINEC BASED ON COMPUTED LOCAL 
CONDITIONS REACHING PRESET LEVELS INPUT BY THE USEP. TABLES ARE 
AVAILABLE WHICH PERMIT A FLEXIBLE DESCRIPTION OF THE PROCESSES 
FOP PAOAMETRIO STUDIES. BY CONTROLLING THE TIME-STEP S IZE IN THE 
KINETICS CALCULATION, TIME-STEPS FOR HEAT TRANSFER AND LOOP FLOW 
CALCULATIONS ARE PEPFCPMED WITH TIME-STEPS DETERMINED BY ACCURACY 
REQUIREMENTS ON THESF PROCESSES CNLY. AN INTEGRAL NUMBER CF 
KINETICS STEPS MAY BE TAKEN PER HEAT TRANSFER STEP. INPUT TC THE 
CODE IS I N FRFE FORM WITH MUCH INPUT WHICH IS CPTIONAL. 

8 . RELATED AND AUXILIARY PROGRAMS - FREADMl WILL COMPUTE THE ACCIDENT 
THROUGH CORF DISASSEMBLY. INTEGRATION OF THE NUCLEAR KINETICS 
EQUATIONS IS AS PERFORMED IN FCRE2 (ACC ABSTRACT 1 7 4 1 . 

9. STATLS - ABSTRACT FIRST CISTRIBUTEO JANUARY 1 9 7 2 . 
GE635 VERSION SUBMITTED MARCH 1 9 7 1 . 

10. RFFERENCFS - D. D. FREEMAN, E. G. LEFF, C. J . BENDER, AND 
W. G. MEINHARDT, THE FRFADM-1 CODE - A FAST REACTOR EXCURSION AND 
ACCICENT DYNAMICS MODEL, GEAP-13608 , SEPTEMBER 1 9 7 0 . 

FREADMl SUBROUTINE DESCRIPTIONS INCLUCING -
LINK AND LLINK GE SYSTEM SUBROUTINES. 
ISERVE, GE 635 COMPUTER SERVICE FUNCTION. 
F4TRBK, F4TRAC, F 4 T R I D , FCRTRAN I /O ERROR PROCESSING. 
ERRSYS, FORTRAN COMPATIBLE ERROR SUBROUTINE. 
E. Y . MORIKAWA, ERPUNS - ENTRY IN LIBRARY SUBROUTINE 

FRRSYS, GFSJ NOTE, NOVEMBER 1 1 , 1 9 6 8 . 
FSNOW, SAVE F I L E CODE FUNCTION. 

1 1 . MACHINE REQUIREMENTS - 24K MEMCRY AND 3 PERIPHERAL STORAGE UNITS 

12 . PROGRAMMING LANGUAGE USEC - FORTRAN IV 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
GECCS-I I I . 

14. ANY CTHFR PROGRAMMING OR OPERATING INFCRMATION OR RESTRICTIONS -

l"^. NAMF AND ESTABLISHMENT CF AUTHCPS -
D. D. FREEMAN, E. G. LEFF, D. J . BENDER, 
AND W. G. ME INHARDT 
GENERAL ELECTRIC CCMPANY 
BRFEDFR REACTOR DEVELOPMENT OPERATION 
SUNNYVALE, CALIFORNIA 9 4 0 8 6 

1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK ( 1 0 , 1 7 4 CARCS) 
SAMPLE PROBLEM ( 4 7 6 CARCS) 



838 

ACC ABSTRACT 4 7 9 -3- 03/72 

16. MATFRIAL AVAILABLE (CONTINUEC) 
SAMPLF PROBLEM OUTPUT (40 SELECTED PAGES) 
REFERENCE REPORT AND SUBROUTINE DESCRIPTIONS 

17. CATEGORY 
KEYWORDS 

G 
FAST REACTORS, 
CPPLANTS, HFAT 

ACCIDENTS, TRANSIENTS, KINETICS, 
TRANSFER, CYLINDERS 
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1. NAME PR DFSIGNATIPN CF PROGRAM - FUMBLE 

2. COMPUTER FOP WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPFRABLF - GE635 

3. DESCRIPTION CF PROBLEM OP FUNCTICN - FUMBLE COMPUTES THE FUEL 
RURNUP IN RFACTOR OPERATIONS. THIS INCLUDES THE EVALUATION OF 
PFACTIVITY FFFPOTS, BREEDING (OR DEPLETION) AND INVENTORIES CF 
FUEL, AND FUEl CCSTS FOR CHANGING ECONOMIC CONCITIONS ANO 
SUPPLIFD FUFL COMPOSITIONS THRCUGHOUT THE REACTOR LIFETIME (OR FOR 
AS MANY REFUELING OPERATING INTERVALS AS D E S I R E D ) . CONSIDERABLE 
FLEXIRILITY IS ALLOWED IN THE SPECIFICATIONS OF REACTOR REFUELING, 
INCLUDING FUEL COMPOSITIONS FCR THE STARTUP REACTCR, RECYCLE 
SCHEMES AND FISSILE MAKEUP COMPOSITIONS FOR SUBSEQUENT C0R5 
LPAPINGS, AMOUNTS PF FUEL TC BE REPLACEC IN CIFFERENT POSITIONS OF 
THE REACTPR AT ANY REFUELING, AND SHUFFLING OF FUEL FRCM ONE PART 
OF THF RFACTCR TO ANOTHER CR TEMPORARILY STORING FUEL DISCHARGED 
FROM THF REACTOR FOR LATER ACDITIONAL BURNUP. THE REFUELING SPE-
OIFICATICNS MAY BE CHANGED FROM ONE REFUELING OPERATING INTERVAL 
TP ANOTHER, AS WELL AS CPERATING INTERVAL TIME, POWER RATING, AND 
LOAD FACTOR. FUEL COSTS MAY BE EVALUATED FOR SEVERAL DIFFERENT 
SFTS OF COST INPUT CATA (DIFFERENT ECONOMIC ASSUMPTIONS) AND MAY 
RF RASED ON NET COSTS ACCRUEC ANC ENERGY PRCCUCEC PY SPENT FUEL 
RATCHFS AND/PR ON NFT COSTS INCURRED FCR ALL FUEL HELC AND ENERGY 
PRPOUCED BY THE ENTIRE REACTCR FOR EACH OPERATING INTERVAL. 

4. METHOD OF SOLUTION - FUEL BURNUP CALCULATIONS ARE CARRIED OUT IN 
FAOH RFACTOR REGION (E.G., CORE REGION 1, CORE RFGION 2, AXIAL 
BLANKET REGION 1, ^ T C I USING A REG ICN-CEPFNDENT CNE GROUP FLUX, 
AND REGICN AND MATERIAL-DEPENDENT ONE GROUP CAPTURE AND FISSICN 
CRPSS SFCTIONS WHICH ARE SUPPLIED AS INPl^T FROM A SEPARATE MULTI-
GROUP DIFFUSION (TRANSPORT) CALCULATION. TWO SETS OF DATA FROM 
RELATED MULTIGROUP CALCULATIONS MAY BE INPUT TO FUMBLE AND LSED 
AS END-POINT CASES FOR INTERPOLATION CF THE FLUXES, VOLUMES AND 
CROSS SECTIONS. RFGION AND MATERIAL-DEPENDENT REACTIVITY W C R T H S 
ARE USFD IN FUMBLE TO CALCULATE THE COMBINATIONS PF RECYCLE AND 
MAKE-UP MATERIALS FCR RELOAD FUEL THAT SATISFIES BOTH REQUIREC 
REACTIVITY AND A SPECIFIED POWER DISTRIBUTION IN GOING FRCM CNE 
PPFPATING INTERVAL TO ANOTHER. 

5. RFSTRICTICNS PN THE COMPLEXITY OF THE PROBLEM - VARIABLE-
DIMENSIPNEO ARRAYS ARE USFC EXCLUSIVELY WITHIN THE PROGRAM, 
HENCF THF ONLY PROBLEM SIZE RESTRICTION IS DICTATEC BY T H F AMOUNT 
OF AVAILABLE COMPUTEP MEMORY. 

6. TYPICAL RUNNING TIME - A DETAILED PROBLEM CONSISTING OF 3C 
REACTOR REGIONS, 10 OPERATING INTERVALS, 8 FUEL MATERIALS AND 
REQUESTING ALL OUTPUT OPTIONS REQUIRES 2 MINUTES OF CENTRAL 
PROCESSOR TIME ON THE GE635 COMPUTER. 

7. UNUSUAL FEATUPFS OF THE PROGRAM -
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8 - RFLATFO AND A U X I L I A R Y PRCGRAMS - FUMBLE AND THE T W O - D I M E N S I O N A L 
S Y N T H E S I S C I F F U S I O N CODE B I S Y N (ACC ABSTRACT 2 8 7 ) ARE L I N K E D . 
PUNCHED CARDS FROM A B I S Y N CASE G I V E F L U X E S , V O L U M E S , CROSS S E C 
T I O N S , ANO R E A C T I V I T Y WORTHS IN THE FUMBLE F O R M A T . PUNCHED CARDS 
FROM A FUMBLE CASE G I V E FUEL M A T E R I A L C O N C E N T R A T I O N I N THE B ISYN 
FORMAT. 

B I S Y N OUTPUT G I V E S F L U X E S , V O L U M E S , CROSS S E C T I C N S AND REAC
T I V I T Y WORTHS I N THF FUMBLE FCRMAT. 

9 . STATUS - ARSTRACT F I R S T D I S T R I B U T E D JANLARY 1 9 7 2 . 
G F 6 3 5 V E R S I C N S U B M I T T E C MAY 1 9 7 1 . 

1 0 . REFERENCE - P . GREEBLER, 0 . L . COWAN, F U M B L E , AN APPROACH TC 
FAST POWER REACTOR FUEL MANAGEMENT ANC BURNUP C A L C U L A T I O N S , 
G F A P - 1 3 5 9 9 , A P R I L 1 9 7 0 , AND E R R A T A . 

1 1 . MACHINE REQUIREMENTS - M I N I M U M COMPUTER MEMORY IS 48K ON THE 
G E 6 3 5 . TWO TAPES AND ONE A U X I L I A R Y MAY BE R E Q U I R E D FCR SCME 
C A S E S . 

1 2 . PROGRAMMING LANGUAGE USEC - FORTRAN IV 

1 3 . O P E R A T I N G SYSTFM OR MONITOR LNDER WHICH PROGRAM I S EXECUTED -
G F C C S - I I I . 

1 4 . ANY CTHFR PROGRAMMING OR O P E R A T I N G I N F C R M A T I O N OR R E S T R I C T I O N S -
SURROUTINES L L I N K ANC L I N K ARE GE SYSTEM R O U T I N E S WHIOH MONITOR 
OVERLAY C A L L S . THF L I N K S U B R C U T I N E ENABLES THE PROGRAMMER TO 
CALL PRCGRAM O V E R L A Y S . TO LOAD A L I N K AND TRANSFER CONTROL TO 
I T , THE REQUIRED STATEMENT IS 

CALL L I N K ( N A M E ) 
WHERE NAMF IS A H O L L E R I T H NAME D E S I G N A T I N G THE NAME CF THE LINK 
AS I T APPEARS ON THE S L I N K CONTROL C A R C . TO LOAC A L I N K AND 
RETURN TO THE NEXT S E Q U E N T I A L STATMENT CF THE C A L L I N G R C U T I N E , 
THE REQUIRED STATEMENT IS 

CALL L L I N K ( N A M E ) 
I N D I V I D U A L R O U T I N E S I N THE OVERLAY MAY THEN BE R E F E R E N C E D . 

1 5 . NAME AND E S T A B L I S H M E N T CF AUTHCRS -
P . GREEBLER AND C . L . COWAN 
GENERAL E L E C T R I C COMPANY 
BREEDER REACTCR DEVELOPMENT O P E R A T I O N 
S U N N Y V A L E , C A L I F O R N I A 9 4 0 8 6 

1 6 . MATERIAL A V A I L A B L E - MAGNETIC TAPE T R A N S M I T T A L 
SOURCE DECK ( 6 8 8 7 C A R D S I 
SAMPLF PROBLEM ( 2 0 4 CARCS) 
SAMPLE PRORLFM OUTPUT ( 3 0 SELECTEC PAGES) 
REFEPFNOE REPORT ANC ERRATA 

1 7 . CATEGORY - D 

KEYWORDS - ECONOMIOS, FUEL C Y C L E , D E P L E T I O N , F A S T R E A C T O R S , 
B I S Y N CODES 
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4 . 

NAME OR O E S I G N A T I C N CF PBOGBAM - BUSHL 

COMPUTER FOR W H I C H PROGRAM I S D E S I G N E D AND OTHERS UPON WHICH 
I T I S OPERABLE - C D C 6 6 0 0 

D E S C R I P T I O N OF PROBLEM OR F U N C T I C N - BUSHL D E T E R M I N E S THE LCAD AT 
WHICH A F I N I T E L E N G T H S H E L L CF R E V O L U T I O N W I L L BUCKLE WHEN S U B 
J E C T E D TO H Y D R O S T A T I C P R E S S U R E , A X I A L C O M P R E S S I O N , OR A C O M B I N A 
T I O N OF THE TWO. E L A S T I C - P L A S T I C M A T E R I A L P R O P E R T I E S ARE USEO 
W I T H D E F O R M A T I C N THEORY ANC T H I N S H E L L THEORY TO A N A L Y Z E THE 
S H F L L . BUSHL WAS D E V E L O P E D P R I M A R I L Y FOP THE B U C K L I N G C C L L A P S E 
A N A L Y S I S OF Z I R C A L O Y - C L A C O X I D E FUEL R O D S . 

METHOD OF S O L U T I O N - THE S H E L L OF REVCL 
S E R I F S OF FRUSTRA W I T H CURVED M E R I D I A N S 
J O I N AT NODAL C I R C L F S . S T A R T I N G W I T H A 
B U C K L I N G L O A D , THE P R E B U C K L I N G E C U I L I B R 
I S FOUND THROUGH A M O D I F I C A T I O N OF THE 
(ACC A B S T R A C T 3 9 7 ) . A PERTURBAT I O N A L C 
EACH ELEMENT I S S P E C I F I E D I N TERMS OF 0 
X I ( I ) , AND RESOLVED I N T O F O U R I E R CQMPON 
T I A L D I R E C T I O N . THE CHANGES I N I N T E R N A 
PROCUCED PY T H F X K I I ARE FOUND AS FUNC 
S T R E S S E S AND S T R A I N S AND THE X I ( I ) . MI 
OF P O T E N T I A L ENERGY W I T H R E S P E C T TO THE 
E Q U A T I O N S W I T H T H F L O A D I N G PARAMETER AS 
X K I ) AS THE UNKNOWNS. THE I N V E R S E POW 
O B T A I N THE R E Q U I R E D E I G E N V A L U E , WHICH I 
S H E L L . A S E R I F S OF SUCH C R I T I C A L LOADS 
THF E Q U I L I B R I U M STATE I N T O ONE P A R T I C U L 
AT A T I M F . THE B U C K L I N G LOAD I S THE M I 
L O A D S . THF S C L U T I O N I S I T E R A T E D U N T I L 
SPPNDS TO THE LOAD USED TO F I N D THE PRE 

U T I C N I S D I S C R E T 
THESE P I S C R E T 

N I N I T I A L E S T I M A 
l U M S O L U T I O N FCR 
CYL INDER O P T I O N 
I S P L A C E M E N T F I E L 
I S P L A C E M E N T S AT 
ENTS I N THE C I R C 
L ENERGY ANC EXT 
T I O N S OF THE PRE 
M M I Z I N G THE TOT 

X I ( I ) LEADS TO 
THE E I G E N V A L U E 

ER METHCC IS USE 
S A C R I T I C A L LOA 

IS O B T A I N E D BY 
AR C I R C U M F E R E N T I 
NTMUM OF ALL SUC 
THE B U C K L I N G LOA 
B U C K L I N G S O L U T I C 

I Z E C I N T O A 
E E L E M E N T S 
TE OF THE 

T H I S LCAD 
OF G A P L 3 
C W I T H I N 
THE ENDS 
U M F E R E N -
ERNAL WORK 
B U C K L I N G 
AL CHANGE 
A SET CF 
AND THE 
D TG 
D OF THE 
P E R T U R B I N G 
AL HARMONIC 
H C R I T I C A L 
C C O R R E -
N . 

5 . R F S T R I C T I C N S ON THE C O M P L E X I T Y OF THE PRCBLEM - BUSHL USES ONLY 
ONE F O U R I E R COMPONENT FOR THF C I R C U M F E R E N T I A L V A R I A T I O N S OF THE 
B U C K L I N G D I S P L A C E M E N T S R E S T R I C T I N G I T S A P P L I C A B I L I T Y TO SHELLS OF 
NEAR C Y L I N D R I C A L S H A P E . BUSHL I S B E S T - S U I T E D FCR PROBLEMS WHERE 
THF PARAMETER ( L * * 2 ) / R T I S L E S S THAN 15CC FOR C Y L I N D E R S . THE 
LOWER L I M I T FOR T H I S PARAMETER IS GOVERNED BY THE L I M I T S OF T H I N 
SHFLL T H E O R Y . 

6 . T Y P I C A L R U N N I N G T I M E - U S U A L L Y 3 TO 1 3 M I N U T E S ARE R E Q U I R E D , 
D E P E N D I N G ON PROBLEM S I Z E AND AMOUNT OF P L A S T I C D E F C R M A T I O N . 

7 . UNUSUAL FEATURES OF T H E PROGRAM - BUSHL IS Q U I T E V E R S A T I L E AND 
MAY RE A P P L I E D TO MOST SHELL B U C K L I N G PROBLEMS WHERE THE B U C K L I N G 
MODE I S E I T H E R LOBAR OR A X I S Y M M E T R I C . I T I S P A R T I C L L A R L Y A P P R O 
P R I A T E WHEN N O N L I N E A R M A T E R I A L P R O P E R T I E S OR LARGE P R E B U C K L I N G 
D E F L E C T I O N S ARF I N V O L V E D . AMONG I T S D I S T I N G U I S H I N G FEATURES ARE -

( A ) LARGE P R E B U C K L I N G D E F L E C T I O N S ARE P E R M I T T E D , 
( f l ) E L A S T I C - P L A S T I C - A N I S C T R O P I C M A T E R I A L P R C P E R T I E S ARE U S E O , 
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7 . UNU-^UAL FEATUPFS OF THE PROGPAM ( C O N T I N U E C ) 
( C ) ALMOST ANY END C P N D I T I O N S MAY BE C C N S I C E R E D , ANC 
( C ) SHELLS W I T H A V A R I A B L E T H I C K N E S S MAY BF A N A L Y Z E D . 

« . RELATED AND A U X I L I A R Y PRCGRAMS - M O D I F I E D GAPL3 S U B R O U T I N E S ARE 
USED TO O B T A I N THE P R E B U C K L I N G E Q U I L I B R I U M S O L U T I O N . BUSHL USES 
THE P E T T I S ENVIRONMENTAL R O U T I N E S (ACC ABSTRACT 4 7 8 ) . 

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D JANLARY 1 9 7 2 . 
CDC66, -n V E R S I O N S U B M I T T E D A P R I L 1 9 7 1 . 

! ' • . RFFERENCES - A . L . T H U R M A N , BUSHL - A COMPUTER PROGRAM FCR THE 
I N F L A S T I C BUCKLING OF SHELLS OF R E V O L U T I O N UNDER EXTERNAL PRESSURE 
ANO A X I A L C O M P R E S S I O N , W A P D - T M - e 9 0 , MARCH 1 9 7 1 . 

A . L . T H U R M A N , G A P L - 3 - A COMPUTER PROGRAM FOR THE 
I N F L A S T i r L A R G E - D F F L E C T I O N STRESS A N A L Y S I S OF A T H I N PLATE OR 
A X I A L L Y SYMMETRIC SHELL W I T H PRESSURE L O A D I N G ANO C E F L E C T I C N 
R E S T R A I N T S , W A P D - T M - 7 9 1 , JUNE 1 9 6 9 . 

C . J . P F E I F F P , C D C - 6 6 0 0 FCRTRAN PROGRAMMING - BETTIS 
ENVIRONMENTAL REPORT, W A P D - T M - 6 6 e , JANUARY 1 9 6 7 . 

1 1 . MACHINF REQUIREMENTS - P R I N T E R , O N - L I N E P U N C H , P L O T T E R , ANC A 
M I N I M U M OF 1 0 0 , 0 0 0 ( O C T A L ) WORDS CORE STORAGE 

1 2 . PROGRAMMING LANGUAGE USED - FCRTRAN IV 

1 3 . O P F R A T I N G SYSTFM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
SCOPE. 

1 4 . ANY OTHER PROGRAMMING OR O P E R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -
THF BUCKLING OF SHORT TUBES UNDER H Y D R O S T A T I C PRESSURE HAS BEEN 
THOROUGHLY CHECKED OUT AND V E R I F I E D , BUT SHELLS W I T H CURVEC M E R I 
D I A N S HAVE NOT BEEN T E S T E D . THE A X I A L COMPRESSION O P T I O N HAS NOT 
BEEN DEBLGGFD. 

1 5 . NAME AND ESTABLISHMENT OF AUTHOR -
A. L . THURMAN 
R E T T I S ATOMIC POWER LABORATORY 
WESTINGHOUSE E L E C T R I C C O R P O R A T I O N 
P. 0 . BOX 7 9 
WEST MIFFLIN, PENNSYLVANIA 15122 

16. MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE T R A N S M I T T A L 

SOURCE DFCK ( 4 8 3 4 CARCS) 
SAMPLE PROBLEM ( 2 8 CARDS) 
REFERENCE R E P O R T S , W A P D - T M - 8 9 0 AND W A P D - T M - 6 6 8 

1 7 . CATEGORY - I 

KEYWORDS - S H E L L S , I N E L A S T I C B U C K L I N G , P R E S S U R E , D E F O R M A T I C N , 
S T R E S S E S , F I N I T E E L E M E N T , GAPL3 COOES 
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1. NAME CR DESIGNATION OF PROGRAM - COMNUC/0ASCADE 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS LPCN WHICH 
IT IS OPERABLF - IBM360 

3. DESCRIPTION OF PROBLEM OR FUNCTION - COMNUC CALCULATES NEUTRON RE
ACTION OROSS SECTIONS USING A STATISTICAL MODEL FOR DECAY OF THE 
COMPOUND NUCLEUS. COMPETING REACTICN TYPES PERMITTEC ARE ELASTIC, 
CISCRETF ANC CONTINUUM INELASTIC, G A M M A RAY EMISSION, CAPTURE, 
FISSION, AND N,2N. 

CASCADE SOLVFS THE INTPANLCLEAR GAMMA PAY CASCACE EQUATION TC 
DETERMINE SECONDARY PARTICLE EMISSION PROBABILITIES. COMPETING 
PROrESSFS CPNSICERFD ARF GAMMA RAY EMISSION, NEUTRON EMISSION ANO 
FISSION. 

4. METHCD CF SCLUTION - IN COMNUC HAUSER-FESHBACH THEORY AS MODIFIED 
BY MOLDAUER IS USED TO DETERMINE COMPETITION IN THF CECAY CF THE 
COMPOUND NUCLEUS. PHYSICAL MODELS FOR THE VARIOUS REACTION TYPES 
PERMIT THE USFR TO INPUT PARAMETERS FCR THCSE MOCFLS. CIRtCT 
REACTION COMPONENTS MAY BF PROVIDED BY CARD INPUT. THESE CRCSS 
SECTICNS ARE COMRINFC WITH CALOULATEC COMPOUND NUCLEUS CROSS 
SECTIONS TO PROVIDE A COMPLETE SELF-CONSISTENT SET OF NEUTRCN 
CRCSS SECTIONS AT EACH INCIDENT NEUTRON ENERGY. 

IN CASCADE A COUPLEC SET OF INHOMOGENEOUS VOLTERRA EQUATIONS 
OF THE SECOND KIND DESCRIBING THE ENERGY DFPENCENCE OF THE 
PROBABILITY FOR PARTICLE TERMINATION PF A GAMMA RAY CASCADE IS 
SOLVED NUMERICALLY. BRANCHING RATIOS CETERMINEC FROM THESE 
PROBABILITIES MAY BE USFD AS INPUT TC THE COMNUC PRCGRAM. 

5. RFSTPICTIONS ON THE COMPLEXITY CF THE FRORLEM -
COMNUC - ONLY REACTION TYPES LISTED ABOVE.MAY BE ANALYZED, BUT 

CTHEP REACTIONS SUCH AS N,P ANC N,ALPHA MAY BE INCLUDED 
EASILY. 

CASCADE - PNLY OIPOLE RADIATION IS PERMITTED IN THE GAMMA RAY 
CASCADES. NO CISCRETE CHANNELS ARE PERMITTED -
ONLY CONTINUUM PARTICLE EMISSION. 

5. TYPICAL RUNNING TIME - FOR LOW INCICENT NEUTRON ENERGIES AND 
FEW OPEN CHANNELS CPMNUC RUNNING TIME IS ABCUT 15 SECONDS PEP CASE 
CN AN IPM360/65. CASES OF THE COMPLEXITY OF THE SAMPLE CASES CAN 
TAKE AS MUCH AS 1.5 MINUTFS. APPROXIMATELY 15 MINUTES ARE 
REOUIRFD ON AN IBM360/65 FOR A CASCADE CASE EXERCISING ALL CPTICNS 
ANO INCICENT NEUTRONS UP TO 5 MEV IN ENERGY. 

7. UNUSUAL FEATURES OF THE PROGRAM -

8. RELATED AND AUXILIARY PROGRAMS - CASCACE GENERATES GAMMA RAY 
CASOADF BRANCHING RATIOS FOR INPUT TC COMNUC. CUTPUT FRCM CASCADE 
CAN BE USEC AS INPUT FOR COMNUC WHEN CALCULATING NELTRCN CAPTURE 
CRCSS SECTIONS. 
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9 . STATLS - ABSTRACT F I R S T C I S T R I B U T E D JANUARY 1 9 7 2 . 
I B M 3 6 0 V E R S I O N S U B M I T T E D A P R I L 1 9 7 1 . 

i n . REFERFNCES - C . L . DUNFORD, A U N I F I E D MODEL FOR A N A L Y S I S OF 
COMPOUND NUCLFUS R E A C T I O N S , A I - A E C - 1 2 9 3 1 , JULY 1 9 7 0 . 

C . L . D U N F O R D , COMPOUND NUCLEUS R E A C T I O N 
A N A L Y S I S PRCGRAMS CCMNUC ANC CASCADE, A I - T 1 - 7 0 7 - 1 3 0 - 0 1 3 , 
MARCH l f ! 7 1 . 

1 1 . MACHINE PFCUIRFMENTS - 15CK BYTES 

1 2 . PROGRAMMING LANGUAGFS USED - FCRTRAN I V W I T H CNE ASSEMBLER 
LANGUAGE S U B R C U T I N E FCR PERFORMING INTERNAL I / O . 

1 3 . O P E R A T I N G SYSTFM OR MONITOR LNDER WHICH PROGRAM I S EXECUTEC -
O S / 3 6 1 . 

1 4 . ANY OTHFR PROGRAMMING OR O P E R A T I N G I N F C R M A T I C N OR R E S T R I C T I O N S -

1 5 . NAME AND F S T A P L I S H M F N T CF AUTHCR -
0 . L . OUNFORD 

CONTACT ALEX N I C K O L S , CODE COORDINATOR 
A T O M I C S I N T E R N A T I C N A L 
P . 0 . BOX 3 0 9 
CANOGA P A R K , C A L I F O O M A 9 1 3 ) 4 

1 6 . MATERIAL A V A I L A B L E - M A G N F T I C TAPE T R A N S M I T T A L 
SCURCE DFOKS ( COMNUC-:-2 4 0 C A R D S , C ASC A C E - 1 1 1 ' l CARDS) 
SAMPLE PRORLEMS ( C O M N I J O - 2 1 9 C A R D S , C A S C A D F - 2 9 CARDS) 
REFERENCE REPORTS 

1 7 . CATEGORY - A 

KFYWOOPS - COMPOUND N U C L E I , CROSS S E C T I O N S , C A P T U R E , F I S S I O N , 
E L A S T I C S C A T T E R I N G , I N E L A S T I C S C A T T E R I N G 
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1. NAME OR DESIGNATION OF PROGRAM - REPP 

2. COMPUTER FOR WHICH PRCGRAM IS CESIGNEC AND OTHERS UPON WHICH 
IT IS OPERABLF - UNIVACllOB 

3. DESCRIPTION OF PRCRLEM OR FUNCTICN - THE REPP COMPUTER CODE 
PRPVIPFS A METHOD FOR (I) EVALUATING FUEL TEMPERATURES ANC CRITI
CAL HFAT FLUX MARGINS FOR A FIXED REACTOR CORE ANO FUEL DESIGN, 
(2) DETERMINING THE NUMBER OF FUEL PINS REQUIRED TO MAINTAIN SPE
CIFIED HEAT FlUX MARGINS FROM 8LRNCLT AT A GIVEN REACTCP POWER 
LEVEL, (3) DETERMINING THE DIAMETER OF A FUEL PIN TO DESIGN 
WITHIN FUEL CENTERLINE TEMPERATURE LIMITS AT A SPECIFIEC REACTOR 
POWER LEVEL, (4) EVALUATING THE SINTERING EFFECT CN FUEL TEMPERA
TURE, (5) CALCULATING PRESSURE CROP ANC COOLANT PROPERTIES FOR 
SINGLE-PHASE AND TWO-PHASE FLOW FOR FUEL CPERATING AT AVERAGE 
REACTCR CCNDITIONS ANC A THEORETICAL HOT PIN HOT CHANNEL CONDI
TION, ANC (6) CALCULATING PRESSURE CROP ACROSS SEVERAL TYPES OF 
FUEL PIN SPACERS. 

4. MFTHOD CF SOLUTION - THE MATHEMATICAL MCCEL IN REPP IS A RIGHT 
CIRCULAR CYLINDRICAL CORE CONTAINING FUEL PINS ARRAYEC UNIFCBMLY 
IN A TRIANGULAR OR SQUARE LATTICE. A MINIMUM OF TEN AND A MAX
IMUM OF KC' AXIAL MFSH NODES MAY BE USEC. THE FUEL CENTERLINE 
TFMPERATURE IS BASED ON 21 RADIAL NODES IN THE FUEL PIN AND 
INfCRPORATES A VARIABLE THERMAL CONCUCTIVITY. A FLUX DEPRESSION 
MAY RF DELINEATED IN THF INPLT WHICH IS INCEPENCENT OF THE 
RADIAL NOCAL MFSH UTILIZED IN THE CODE. THE EFFECT OF FUEL 
SINTERING ON FUEL TFMPERATURE IS OPTIONAL ANC WHEN USEO, THE 
VOID DIAMETER AT THE CENTER CF THE FUEL IS DETERMINED. NOMINAL 
ANO HOT CHANNEL THFRMAL AND HYDRAULIC CONDITIONS ARE PREDICTED 
AT EACH NOPAL LOCATION BASED ON AN ENERGY.ANC MOMENTUM BALANCE. 
THF KFFNAN AND KEYES STFAM TABLES, PROVIDED IN A SUBROUTINE, ARE 
LSEp TP EVALUATE THE CCOLANT PROPERTIES AT EACH N O D E . THE LOCAL 
ENERGY GENERATED AND TRANSFERRED TC THE COOLANT IS CETERMINEC 
FPPM INPUT CONSISTING OF THE REACTOR PCWER AND A NORMALIZED AXIAL 
POWFR PROFILE. THE AXIAL PCWER CISTRIBUTION SPECIFIEO MAY BE 
INCEPFNDENT OF THE NODAL MFSH UTILIZED IN THE COCE. A LAGRANGIAN 
INTERPOLATION ROUTINE IS USFD TO EXPAND THE INPUT ARRAY TO BE 
CONSISTENT WITH THE NODAL MESH USED IN THE CCDE. INTEGRATION IS 
PERFORMED WHFN REQUIRED USING SIMPSONS RULE. THE FUEL SPACER 
MODEL USES THF A. N. CESTORDEUR TECHNIQUE TO PREDICT THE PRESSURE 
DROP ACPPSS SPIRAL WIRE WRAP, HCNFYCOMP, LENTICULAR WIRE, OR WIRE 
TYPE SPACERS AT THE OPTION OF THE USER. 

5. RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - THE EFFECT OF THE 
RESTRICTEC COOLANT FLOW AREAS IN THE CORNERS OF ENCASED FUEL 
ASSFMRLIFS CN FLUID FLOW (AN INHERENT FLOW PROBLEM ESPECIALLY 
IN TWO PHASE FLOW) IS NOT CALCULATED. ALSO THE COLD WALL 
INFLUENCE ON PURNOUT HEAT FLUX IS NOT EVALUATED. INTERCHANNEL 
MIXING AND FLPW DISTRIBUTION PRESENT SOME UNCERTAINTY. HPWEVER, 
SINCE THF SIZING TFOHNIQUF IS BASED ON A THEORETICAL HOT CHANNEL, 
THESE RESTRICTIONS NEEC NOT BE SERIOUS PROVIDED SUFFICIENT DATA 
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5 . RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM (CONTINUED) 
CN FUEL PERFORMANCE IS KNOWN TO PROVIDE INPUT TO THE COCE. 
ANOTHER RESTRICTION, THE NUMBER OF NODE CAPABIL ITY (10 MINIMUM 
TC n n MAXIMUM AXIAL AND 21 FUEL PIN RADIAL MODES) HAS NOT TO DATE 
SERIOUSLY EFFECTED THE ACCURACY CF THE RESULTS. THF COCE IS 
L IM ITED AT PRESENT TO WATFR-COOLED REACTORS. HOWEVER REPLACEMENT 
OF THE STFAM TABLES WITH PROPER PROPERTY VALUES CAN EXTEND THE 
USE OF THE CODE TO CTHFR COOLANTS. ALSO THE W-2 AND W-3 BURNOUT 
OPRRFLATirNS PRESENTLY USEO CAN BE REPLACED TO ACCOMMOOATE CTHER 
RURNCUT CCRRFLATICNS. 

6 . TYPICAL RUNNING TIME - RUNNING TIME IS DEPENDENT ON THE CCMPLEXITY 
GF THF PRCRLEM. IF I N I T I A L CCNDITIONS ARE RELATIVELY CLOSE TO 
THF SOLUTION, THE RUNNING TIME MAY BE AS SHORT AS 8 TO 10 SECONCS. 
OTHERWISE THE ITERATIVE SOLUTION MAY REQUIRE 30 SECONDS. A SINGLE 
PASS THROUGH THE CODE REQUIRES FROM 2 TO 3 SECONDS. 

7 . UNUSUAL FEATURES OF THE PROGRAM -

8 . RELATEO AND AUXILIAOY PROGRAMS -

9 . STATLS - ABSTRACT FIRST CISTRIBUTED JANUARY 1 9 7 2 . 
U N I V A O i m B VERSION SUBMITTEC JUNE 1 9 7 1 . 

10 . RFFFRENCE - R. M. HIATT ANC 0 . BROMLEY, J R . , REPP - A THERMAL 
HYDRAULIC DESIGN CODE FOR WATER-COOLED REACTCRS, BNWL-1013, 
MARCH 1 9 6 9 . 

1 1 . MACHINE RF3UIREMENTS - 51K ADDRESSABLE CCRE STCRAGE 

1 2 . PROGRAMMING LANGUAGE USEC - ECRTRAN V 

1 3 . OPERATING SYSTFM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
CSCX. 

1 4 . ANY CTHFP PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS -
THFRF ARF 13 ROUTINES IN REPP ANC NO OVERLAY L I N K S . 

1 5 . NAME AND ESTABLISHMENT CF AUTHORS -
R. M. HIATT AND C. BRCMLEY, J R . 
BATTELLE-NORTHWEST LABORATORY 
P. C. BCX 999 
PICHLAND, WASHINGTON 99352 

1 6 . MATERIAL AVAILABLE - MAGNET 10 TAPE TRANSMITTAL 
SPURGE DFCK ( 2 5 6 9 CARDS) 
SAMPLE PROBLEM (43 CARDS) 
SAMPLE PROBLEM OUTPUT (21 PAGES) 
REFERENCE REPORT 

1 7 . CATEGORY - H 

KEYWORDS - ONE-DIMENSIONAL, HEAT TRANSFER, PRESSURE, TEMPERATURE, 
WATER COOLANTS 
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1. NAME OR CESIGNATION OF PROGRAM - FIGS 

2. COMPUTEP FOR WHICH PROGRAM IS CESIGNED ANC CTHERS UPON WHICH 
IT IS OPERABLE - I3M36C 

3. DESCRIPTION CF PRCRLEM OR FUNCTION - FIGS IS A FORTRAN CALLABLE 
SUBROUTINE PACKAGE FPR THE SUPPORT CF INTERACTIVE COMPUTING 
PROGRAMS UTILIZING AN IBM SYSTEM/36r) COMPUTER ANO AN IBM225C 
DISPLAY LNIT. 

4. METHOD OF SPLUTION - A SFT OF FORTRAN UTILITY SUBROUTINES WAS 
WRITTEN TP SUPPLY THE SCIENTIFIC PRUGPAMMER WITH AN EASILY 
USEABLE GRAPHICS LANGUAGE. THE FORTRAN SUBROUTINES ARE GRAFTED 
ONTO A R^Sir MACHINE LANGUAGE COMMUNICATION PACKAGE FOR THE 
IBM2250 SUPPLIEC BY THF IBM PALP ALTO SCIENTIFIC CENTER. 

5. RESTRICTIONS ON THE COMPLFXITY CF THE PROBLEM -

6. TYPICAL RUNNING TIME -

7. UNUSUAL FEATURES OF THE PROGRAM - FIGS INCLUDES AN IBM225C SIMULA
TOR PACKAGE FOR USERS WITHOUT THE ATTACHED DISPLAY UNIT. THE 
TERMINAL ACTIVITY IS REPLACED BY HARD COPY OUTPUT FOR A CI120 CR 
SC402n AND CARD INPUT . 

8. RELATED AND AUXILIARY PROGRAMS - THE SUBROUTINES FCP THE SC4020 
AND OIl?o HAPC COPY CFVICE MAY PE OBTAINEC FROM THE SYSTEMS 
MAINTENANCE ADMINISTRATOR, EXECUTIVE OFFICES, NORTH AMERICAN 
ROCKWELL CORPORATION, EL SFGUNDO, CALIFORNIA. 

9. STATLS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972. 
IBM36") VERSION SURMITTED APRIL 1971. 

10. REFFRENCF - 0. L. DUNFORD AND STANLEY SCHWARTZ, FIGS, FORTRAN 
INTERACTIVE GRAPHICS SUPPORT FOP AN IBM 2250 DISPLAY CONSOLE, 
AI-TI-707-130-012, JANUARY 1971. 

11. MACHINE REQUIREMENTS - IBM36C COMPUTER WITH AN ATTACHED IBM2250 
DISPLAY UNIT 

12. PROGRAMMING LANGUAGFS USED - FCRTRAN IV AND BAL 

13. OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXECUTEC -
OS/360. 

14. ANY CTHER PROGRAMMING CR CPERATING INFCRMATICN OR RESTRICTIONS -

15. NAME AND ESTABLISHMENT OF AUTHOR -
0. L. DUNFORD 

CONTACT ALEX NICKOLS, CODE COORDINATOR 
ATOMICS INTERNATIONAL 
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1 5 . NAME AND E S T A B L I S H M E N T OF A U T H C R ( S ) ( C O N T I N U E D ) 
P. 0 . BCX 3 0 9 
CANOGA PARK, C A L I F O R N I A 9 1 3 0 4 

1 6 . MATERIAL A V A I L A B L E - MAGNETIC TAPE T R A N S M I T T A L 
SOURCE DECK ( 2 3 2 4 C A R D S ) 
REFEPENCE REPCRT 

1 7 . CATEGORY - P 
KFYWORDS - DATA PROCESSING, GRAPHS 
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1. NAMF OR CESIGNATION OF PROGRAM - GASPAN 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPCN WHICH 
IT IS OPERABLE - 0006600 

3. DESCRIPTION CF PROBLEM OR FUNCTION - GASPAN ANALYZES CUTPUT PULSES 
FRCM A LITHIUM-DRIFTED GERMANIUM SEMICONDUCTOR DETECTOR TO DEFINE 
COMPLFX GAMNA-PAY SPECTRA CF ROUTINE CRUC ANC FILTRATE SAMPLES. 

4. MFTHCD OF SOLUTION - THE CODE ACCEPTS 1C24 CHANNELS CF DATA AND 
RECOGNIZES PHCTOPEAKS, COUPLETS, CCMPTCN EDGES, BACKSCATTER PEAKS, 
AND SPURIOUS PEAKS. DOUBLETS ARE RESOLVED AND CTHEP FALSE 
PHCTOPEAKS ARE ELIMINATED. THE ENERGY OF SIGNIFICANT PEAKS IS 
DFTERMINED AND FURTHER ANALYSIS CAN BE CONE ON OPTION. THIS 
INCLUDES IDENTIFICATION CF COMPCNENT NUCLIDES, CALCULATICN OF 
EMISSION PATFS, CORRECTING FCR CECAY, ALIQUOT, AND VOLUME. 

5. RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - GASPAN MUST BE 
ALIGNED WITH THE PARTICULAR DETECTOR SYSTEM IT USES. IT WILL 
ACCEPT DATA FPR UP TO 1024 CHANNELS. 

6. TYPICAL PUNNING TIME - 8 SECONDS PER SAMPLE ARE REQUIRED. 

"'. UNUSUAL FEATURES OF THE PROGRAM - PLOTTING OF SPECTRA CAN BE 
DCNE ON OPTION. 

8. 

9. 

12. 

14. 

15. 

RELATED AND AUXILIARY PROGRAMS - GASPAN WAS PREOECEC BY AUGAR. 

STATUS - ARSTRACT FIRST CISTRIBUTED JANUARY 1972. 
0006601 VERSION SUBMITTED APRIL 197 1. 

REFFRFNOFS - J. C. MICHNE, GASFAN, AN A C V B N C E C CODE FOR THE 
ANALYSIS PF HIGH RESOLUTION GAMMA-RAY SPECTRA, KAPL-M-7179, 
(UNPUBLISHED). 

P. J. CULLEN, 66)0 CALCOMP PLOTTER ROUTINES, KAPL 
NOTE, JULY 25, 1966. 

0. HPOGINS, KAPL SYSTEM SURROUTINES, KAPL NOTE, 
SFPTFMBER 1969. 

MACHINE REQUIREMENTS - CDO66O0 AND CALCOMP PLOTTER 

PROGRAMMING LANGUAGE USED - FCRTRAN IV 

OPERATING SYSTEM OR MONITOR UNCtP WHIOH PROGRAM IS EXECUTED -
SOPPF. 

ANY OTHER PROGRAMMING OR OPERATING INFCRMATION OR RESTRICTIONS 
THE PROGRAM REQUIRES A NUCLIDE REFERENCE LIBRARY, AND USES THE 
KAPLPLOT (ACC ARSTRACT 496 1 CALCOMP PLOTTER ROUTINES. 

NAME AND ESTABLISHMENT OF A L T H O R -
J . D . M IC HN E 
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15. NAMF AND FSTABLISHMENT DF AUTHCR(S) (CONTINUED) 
KNOLLS ATOMIC POWER LABORATORY 
GENERAL ELECTRIC COMPANY 
BOX 1072 
S C H E N E C T A C Y , NEW YORK 1 2 3 0 1 

1 6 . M A T E R I A L A V A I L A B L E - R E S T R I C T E D D I S I R I B L T I C N 
MAGNETIC T A P E T R A N S M I T T A L 

SOURCE DECK ( 1 4 7 3 C A P O S ) 
RFFFRENCF REPORT AND NOTES 

1 7 . CATFGPP, Y - P 

KEYWORDS - GAMMA R A D I A T I P N , S P E C T R A , OATA P R O C E S S I N G , AUGAR CODES 
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1 . NAMF pp DESIGNATION PE PROGRAM - ANCCN 

2 . COMPUTER FOR WHICH PROGRAM IS CESIGNEC ANP OTHERS UPON WHICH 
IT IS OPFRABLE - C0r« ,60o , IRM36L 

3 . DESCRIPTION OF PROBLEM OP FUNCTICN - ANOON SOLVES THE POINT-
RFACTPR KINETIC EOUATICNS INCLUCING THERMAL FEFCPACK. LUMP-TYPE 
HFAT BALANCE EQUATIPNS APE USEC TG REPRESENT THE THERMODYNAMICS, 
ANO THE HFAT CAPACITY OF FAOH LUMP CAN VARY WITH TEMPERATURE. 
THERMAL FFFDRACK CAN BE EITHER A LINEAR CO A NCN-LINEAR FUNCTION 
CF LUMP TFMPERATURE, AND THE IMPRESSED REACTIVITY CAN BE EITHER A 
PCLYNOMIAL PR SINUSOIDAL FUNCTICN. 

4 . METHOD PF SOLUTION - THF SYSTEh CF COUPLED FIRST-CPCER 
CIFFFREKiT lAL EQUATIONS IS SOLVED BY A METHCD BASED CN CCNTINUCUS 
ANALYTir CONTINUATION (REFS. 2 ANC 3 ) . THE BASIC PROCEDURE CON-
S I < ; T S PF EXPANDING ALL THF DEPENDENT VARIABLES EXCEPT REACTIVITY 
IN TAYLOR SERIFS, WITH A TRUNCATION ERROR C R I T E R I O N , CVER SUCCES
SIVE INTERVALS CN THE TIME A X I S . VARIATIONS OF THE BASIC PROCE
DURE ARE USFD TO INCREASE THE EFFICIENCY CF THE METHOC IN SPECIAL 
S ITUATIONS. AUTOMATIC SWITCHING FROM THE BASIC PROCEDURE TO ONE 
CF ITS VARIATIONS (AND VICE-VERSA) MAY OCCUR DURING THE COURSE 
PF A TRANSIENT. THF " E T H O D YIELDS AN ANALYTIC CRITERION FOR THE 
MAGNITUDE PF THE T IMF-STEP AT ANY POINT IN THE TRANSIENT. 

',. RESTRICTIONS ON THE COMPLEXITY OF THE PRCBLEM - THE CODE IS CUR
RENTLY RESTRICTEC TC A MAXIMUM OF S IX CELAYED NEUTRON GROUPS AND 
A MAXIMUM OE 56 LUMPS. LARGER PRORLEMS CAN BE ACCOMMODATED CN A 
65K COMPUTER BY INCREASING THE DIMENSICNS OF A FEW SUBSCRIPTED 
VARIABLES. ALSO, THF CCCE IS CURRENTLY RESTRICTED TO A CONSTANT 
EXTERNAL NEUTRON SOURCE. BECAUSE THERE ARE NO PROVISIONS FOB CE
SCRIBING TRANSPORT CELAYS, PNLY THE OPEN-LOOP RESPONSE OF A 
REACTOR CAN BE COMPUTED WITH ANCCN. 

6 . TYPICAL RUNNING TIME - RUNNING TIME IS HIGHLY PROBLEM-DEPENDENT, 
DFPFNOING CN SUCH FACTORS AS THE NUMBER OF EQUATIONS IN THE 
SYSTEM, THE FEEDBACK AND HEAT BALANCE OPTIONS USED, THE TIME AT 
WHICH THE TRANSIENT IS TERMINATED, AND WHETHER THE TRANSIENT IS 
SLOW PR FAST. MOST PROBLEMS THAT HAVE BEEN RUN WITH ANOON RE
OUIRFD 1 TP K' MINUTFS ON THE 0 0 0 6 6 0 0 . 

7. UNUSUAL FEATURES OF THE PROGPAM - THE MOST IMPORTANT CHARACTERIS
TIC PF THF COMPUTATIONAL METHOD IS THAT IT YIELDS AN ANALYTIC 
f P I T E R I C N FOR THE MAGNITUDE CF THE T I M E - S T E P . THIS CRITERION IS 
SUCH THAT THF TIME-STEP AUTCMAT ICALLY EXPANDS OP CONTRACTS, DE
PENDING CN THE BEHAVIOR OF THE DEPENDENT VARIABLES WITHIN EACH 
INTERVAL. THE USE OF THIS CRITERION GUARANTEES THAT THE ACCUMU
LATED FRACTIONAL ERROR IN EACH DEPENDENT VARIABLE IS ALWAYS LESS 
THAN N«E, WHERE N IS THE NUMBER OF TIME-STEPS AND E IS AN INPUT 
TRUNCATION ERROR PARAMETER. ALSC, THE COCE IS STRUCTUREC IN A 
FORM SUCH THAT R E A C T I V I T Y , HEAT BALANCE, AND SCURCE CPTICNS 
CTHFR THAN THOSE PRESENTLY AVAILABLE CAN BE INCORPORATED WITH A 
MINIMUM OF CODE MODIF ICATION. 
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3 . R E L A T E D AND A U X I L I A R Y PROGRAMS - THE ANOON OUTPUT I S P R I N T E D BUT 
NOT PLOTTED BECAUSE P L O T T I N G CODES ARE FREQUENTLY S Y S T E M - D E P E N D 
E N T . HCWEVER, THE OUTPUT IS SAVED ON L O G I C A L U N I T T A P E l , WHICH 
MAY BE E I T H E R A TAPF U N I T OR A D I S K F I L E . FROM T A P E l , THE USER 
CAN MAKE PLOTS WITH H I S CWN P L C T T I N G C O D E . 

^. STATLS - ABSTRACT F I R S T C I S T R I B U T E D JANUARY 1 9 7 2 . 
C D 0 6 6 i 1 0 V E R S I O N S U R M I T T E D MAY 1 9 7 1 . 

I P M 3 6 0 V E R S I O N S U R M I T T E D OECEMBFR 1 9 7 1 , SAMPLE PROBLEM 

EXECUTED BY A C C . 

1 ' . REFERE^JrES - J . 0 . V I G I L , ANCCN USERS M A N U A L , L A - 4 6 1 6 , MAY 1 9 7 1 . 
J . 0 . V I G I L , S O L U T I O N OF THE N O N L I N E A R REACTOR K I N E 

T I C S E O U A T I C N S BY CONTINUOUS A N A L Y T I C C O N T I N U A T I O N , L A - 3 5 1 8 , MAY 
1 , 1 9 6 6 . 

J . C . V I G I L , S O L U T I O N OF THE REACTOR K I N E T I C S EQUA
T I O N S BY A N A L Y T I C C O N T I N U A T I O N , NS AND E , 2 9 , P P . 3 9 2 - 4 0 1 ( 1 9 6 7 ) . 

1 1 . MACHINF RFQUIPEMENTS - ANOON R E Q L I R E S 32K D E C I M A L WORDS CF CENTRAL 
MEMORY, ONE P E R I P H E R A L STORAGE C E V I O E , ANC THE U S U A L I / O D E V I C E S 
(CARP R E A D E R , P R I N T E R , AND CARD P U N C H ) . STANDARD SYSTEM L IBRARY 
FUNCTIONS AND A CLOCK R O U T I N E ARE U S E D . THE CLOCK R O U T I N E I S 
NOT E S S E N T I A L . 

1 2 . PROGRAMMING LANGUAGE USFC - FORTRAN IV 

1 3 . O P E R A T I N G SYSTFM OR MONITOR LNDER WHICH PROGRAM I S EXECUTEC -
S f P P F 3 . 2 ( C C 0 6 6 O ? ) AND O S / 3 6 0 ( I B M 3 6 0 ) . 

' 4 . ANY OTHER PROGRAMMING OR O P E R A T I N G I N F O R M A T I O N CR R F S T R I C T I C N S -

1 5 . NAME AND E S T A B L I S H M E N T CF AUTHCPS -
6 6 ' - ) JOHN C . V I G I L 

LPS ALAMOS S C I E N T I F I C LABORATORY 
P. P . BCX 1 6 6 3 

LPS ALAMOS, NEW MEXICC 67554 

36r P. HFNLINE 
ARGONNE CODE CENTER 
APGONNF N A T I O N A L L A B O R A T O R Y 
9 7 - . , S P L T H CASS AVENUE 
A P G P N N F , I L L I N C I S 6 C ^ 3 9 

! ^ . M A T E R I A L A V A I I A 3 L F - M A G N F T I C TAPE T R A N S M I T T A L 
SOURCE DECKS ( 6 6 r > 2 1 4 8 C A R D S , 3 6 0 - 2 1 9 0 C A R D S ) 
SAMPLE PROBLEMS ( 6 6 0 P - 3 6 C A R D S , 3 6 0 - 3 9 C A R D S ) 
REFFRFNCE R F P O R T , L A - 4 6 16 

1 7 . CATEGORY - E 

KEYWORDS - S P A C E - I N D E P F N D E N T K I N E T I C S , N O N L I N E A R T F M P E R A T U R E 
FEEOBAOK 
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1 . NAME PR C E S I G N A T I O N OF PROGRAM - S T E A M - 6 7 

7. COMPUTER FCR WHICH PROGRAM I S C E S I G N E C ANC CTHERS UPON W H r H 
I T I S O P F R A R L E - I R M 3 6 0 

3 . D E S C P I P T I O N OF PROBLEM OR F U N C T I O N - S T E A M - 6 7 I S A SET OF R O U T I N E S 
FPR C A L C U L A T I N G THF P P P P E R T I E S OF STEAM AND WATER AOOCRCING TC THE 
ASME STEAM T A B L E S , 1 9 6 7 . 

4 . METHOD OF S P L U T I O N - FOR THE USUAL C A S E , WHERE PRESSURE AND/OR 
TEMPERATURE ARE K N O W N , THE V I S C O S I T Y , S P E C I F I C V O L U M E , E N T H A L P Y 
PP ENTROPY MAY BE C A L C U L A T E D I N E I T H E R THE L I Q U I C OR VAPOR 
R E G I O N S . I N THE VAPOR R E G I O N , Q U A L I T Y MAY BE C A L C U L A T E D AS A 
F U N C T I O N OF PRESSURE AND ENTROPY OR E N T H A L P Y . 

5 . R E S T R I C T I O N S ON THF C O M P L E X I T Y OF THE PROBLEM -

6 . T Y P I C A L R U N N I N G T I M F -

7 . UNUSUAL FEATURES P F THE FRCGPAM -

8 . R F L A T E D ANC A U X I L I A R Y PROGRAMS -

9 . S T M L S - ARSTRACT F I R S T C I S T R I B U T E D JANUARY 1 9 7 2 . 
T R M 3 6 ( ; V E R S I O N S U B M I T T E D JUNE 1 9 7 0 . 

1 \. R F F F R F N O E S - R. J . S P I T Z N A S , S T E A M - 6 7 T A B L E S , BALT IMORE GAS AND 
E L E C T R I C N O T E , MAY 1 8 , 1 9 7 " . 

0 . A . M E Y E R , FT AL . , THERMODYNAMIC AND TRANSPORT 
P R O P E R T I E S OF S T E A M , C O M P R I S I N G TABLES AND CHARTS FOR STEAM AND 
WATER, NEW Y O R K , 1 9 6 7 . ' 

11. MACHINE REQUIREMENTS -

12. PRPGRAMMING LANGUAGE USEC - FORTRAN 1V(G) 

13. OPERATING SYSTEM OP MONITOR LNDER WHICH PROGRAM IS EXECUTEC -
PS/T6-'. 

14. ANY OTHER PROGRAMMING CR OPERATING INFCRMATICN OP RESTRICTIONS -
DUF TP PPFCISION REQUIREMENTS, ALL SUBPROGRAMS ARE WRITTEN IN 
DOUBLE-PRErjsiCN. HOWEVER, ARGUMENTS ARE TRANSMITTED TQ ANC FROM 
CALLING PROGRAMS IN STANDARD PRECISION. BECAUSE CF THIS INTERFACE 
BETWEEN STANCARC ANC COUBLE-PR EC IS ION, THE USER IS CALTIONFO TO 
ADHERE STRICTIY TO THE LISTEC CALLS ANC PARAMETERS ANC NOT TO 
USE ANY OTHER AVAILABLE ENTRY POINTS. AN ERROR-HANDLING RCUTINE 
IS INCLUDED AS PART CF THF PACKAGE. IT WILL DOCUMENT NON-
CONVERGFNCE OP ARGUMENTS OLT OF ACCEPTABLE RANGE, LISTING THE 
CALLING ROUTINE AND ITS ARGUMENTS. 

"=. NAME AND ESTABLISHMENT CF AUTHCR -
RAYMOND J . SPITZNAS 
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1 5 . NAME AND F S T A R L I S H M F N T OF A U T H O R ( S ) ( C O N T I N U E D ) 
R A L T I M O P F GAS ANC E L E C T R I C COMPANY 
GAS AND F L E C T R I C B U I L C I N G 
B A L T I M O R E , MARYLAND 212 I . .3 

1 6 . M A T E R I A L A V A I L A B L E - MAGNt -T IC TAPE T R A N S M I T T A L 
SOURCE CECK ( 2 " : 65 C A R D S ) 
REFERENCE NCTF 

1 7 . CATEGPPY - H 

KEYWORDS - THFRMCnYNAMICS, WATER, PRESSURE, TEMPERATURE, LIQUIDS, 
VAPORS 
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I . NAME OR D E S I G N A T I O N OF PROGRAM - N O I S Y l 

7 . COMPUTER FOR W H I C H PROGRAM I S C E S I G N E D ANO OTHERS LPCN WHICH 
I T I S P P F R A R L F - U N I V A C l l ' , 8 , I B M 7 j 9 ' i 

3 . D E S C R I P T I O N OF PRPBLEM PR F U N C T I O N - A L T O - AND C P O S S - S P E C T a A L 
D E N S I T Y F U N C T I O N S ARE C A L C U L A T E D FUR N E U T R O N F L U C T U A T I O N S I N 
NUOLFAP P F A O T P R S . THE C A L C U L A T I O N S ARE P O I N T - W I S E , S P A C E - C E P E N C -
ENT I N C U R I C A L REACTORS WHIC) - ARE HOMOGENFQUS AND P A R E . E I T H E R 
N F U T R P N F L U C T U A T I P N S OR THE F L U C T U A T I O N S S E E N BY A NEUTRON 
OETEOTPP CAN BF S P E C I F I E D . F L U C T U A T I O N S BETWEEN E I T H E R TwC 
P O I N T S OR BETWEEN TWO F I N I T E R E G I O N S CAN BF C O N S I D E P E D . THE 
F I N I T E R E G I O N S OR S I M U L A T E D CETECTORS MUST E I T H F P FULLY OVERLAP 
OR NOT O V E R L A P AND ARE R E S T R I C T E D I N SHAPE TP RFCTANGULAR 
P A P A L L F L F P I P E D S . 

4 . MFTHOD PF S P L U T I O N - AN A N A L Y T I C A L E J i P R E S S I O N FCP THE A B C V t S P E 
C I F I E D Q U A N T I T I E S FOP THE C E S I R E C RANGE P F I N P U T PARAMETERS I S 
F V A L L A T F O . I T I S 1 - P R O U P C I F F U S I O N THEORY I N C L U C I N C AN A R B I T R A R Y 
NUMBFR PF C F L A Y E D NEUTRON G R O U P S . THE S O L U T I O N S ARE E X P A N S I O N S 
I N H F L M H O L T Z MODES R E S U L T I N G I N A 5 - C I M E N S ICNAL S E R I E S . I N P U T I S 
REDUCED THROUGH LSF OF AN I N P U T ARRAY G E N E R A T O R . 

5 . R E S T R I C T I O N S CN THE C C M P L E X I T Y OF THE PROBLEM - MAXIMUM OF 5( 
TFRMS PER D I M E N S I O N I N THE S I X - D I M E N S I O N A L S E R I E S . THE L I M I T 
I S THU"; 5 " * * 6 OR ABOUT 16 B I L L I O N T E R M S . T H I S I S LARGF ENOUGH 
THAT THF L I M I T I S R E A L L Y B U D G E T A R Y . A U T O M A T I C CONVEBGENOF 
C H E C K I N G L I M I T S THF M A X I M U M NUMBER PF TERMS TC A P P R O X I M A T E L Y 
3 0 . ^ , n n o . 

6 . T Y P I C A L R U N N I N G T I M F - FOR A L T O - S P E C T R A L f E N S I T Y , A P P R O X I M A T E L Y 
1 0 SECONCS PEP P O I N T ARE R E Q U I R E D , FOR C R U S S - S P E C T R A L D E N S I T Y , 
A P P R O X I M A T E L Y 3 0 SECONDS PER P O I N T . 

7 . UNUSUAL FEATURES OF THE PROGRAM -

8 . RFLATFO AND A U X I L I A R Y PROGRAMS - TWC U N I V A C 1 1 0 8 A U X I L I A R Y PRCGRAMS 
ARE U S F D TO GENERATE CALCOMP GRAPHS OF O U T P U T . S E A R C H / D E S T R O Y 
P R O C F S S F S DATA F L F M F N T S GENERATEC BY THE PROGRAM G E N E R A T I N G DATA 
FOR A CALCOMP GRAPH DRAWING R O U T I N E , S N C C P Y . THE i e M 7 0 9 0 C O M P A T I 
BLE V E R S I O N I S A U T O M A T I C A L L Y GENERATEC W I T H A PROGRAM C A L L E D 
S U P F R / S F N D F R . 

9 . STATUS - APSTRACT F I R S T C I S T R I R U T E D JANUARY 1 9 7 2 . 
U N I V A 0 1 1 ' ' ' 8 V E R S I O N S U B M I T T E D MAY 1 9 7 1 . 
I B M 7 P 9 0 V E R S I O N S U B M I T T E D MAY 1 9 7 1 . 

1 0 . REFERENCE - J . R . S H E F F , USERS MANUAL FCR N O I S Y l - A 
PROGRAM FOR C A L C U L A T I O N OF SPACE D E P E N D E N T SPECTRAL D E N S I T I E S 

I N C L R I C A L R E A C T O R S , E N W L - 1 2 6 0 , SEPTEMBER 1 9 7 0 . 
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1 1 . MACHINE REQUIREMENTS - 52K WORDS ON A L N I V A C 1 1 0 8 AND 2 9 K WORDS ON 
AN I B M 7 r 9 0 

1 2 . PROGRAMMING LANGUAGES USED - FORTRAN V ( U N I V A 0 1 1 0 6 ) AND FORTRAN I v 
( I R M 7 0 9 f ) 

1 3 . O P E R A T I N G SYSTEM OP MONITOR UNDER WHICH PROGRAM I S EXECUTED -
CSCX CR EXEC I I ( U N I V A C 1 1 P 8 ) , IRSYS ( I B M 7 0 9 0 ) . 

1 4 . OTHER PROGRAMMING OR G P F R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -
THE IRMTOQ,^ V E R S I O N IS A L I M I T E D V E R S I P N IN O V E R L A Y STRUCTURE 
WHICH 1 ) C A L C U L A T E S CNLY THE A U T O - S P E C T P A L D E N S I T Y , 2 ) DOES NCT 
GENERATE A CATA F I L E , 3 ) DOES NUT C O N T A I N SEVERAL C C N V E N I E N C E ROU
T I N E S (FCR E X A M P L E , CATF ANC T I M E OF E X E C U T I O N ARE NOT CORRECTLY 
P R I N T F P I N THF O U T P U T ) , AND 4 ) R E S T R I C T S THE NORMAL INPUT ANC OUT
PUT TAPFS TO L O G I C A L U N I T S 5 AND 6 RATHER THAN V A R I A R L E S N I AND 
NC. 

1 5 . NAME AND E S T A B L I S H M E N T OF AUTHOR -
JAMES R. SHEFF 
JAMES R. SHEFF CCMPANY 
2 2 1 1 CAMA S AVENLE 
R I C H L A N C , WASHINGTON 9 9 3 5 2 

REFERENCE REPORT 

1 6 . M A T E R I A L A V A I L A B L E - M A G N F T I C TAPE T R A N S M I T T A L 
SOURCE OFCKS ( N O I S Y l 7( 9 0 - 6 8 6 5 C A R D S , 1 1 0 8 - 8 7 1 2 C A R D S , SNOOPY 

11 ' 8 - 8 5 9 CARCS, S EARC H/DES TROY 1 I P 8 - 4 9 3 CARD S ) 
SAMPLE PRQRLFMS ( N J I S Y l 7 0 9 0 - 2 6 0 C A R D S , 1 1 0 8 - 3 3 7 CARCS) 

1 7 . CATEGCRY - F 

KEYWORDS - CPPRELATION, PPWER SPECTRA, REACTCRS NCISE 
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1. NAME OR CESIGNATION OF PROGRAM - TRIFIOO 

?. OOMPLTEP FOR WHICH PROGRAM IS DESIGNED ANC CTHERS UPON WHICH 
IT IS OPFRARLE - IBM36D 

3. DESCPIPTION OF PROBLEM OR FUNCTICN - THE CCCE CALCULATES THE CECAY 
CONSTANT AND THE PPPULATIPN OF THE FUNDAMENTAL PROMPT NEUTRON 
MPDE FXTPAPOLATEC TO INITIAL TIME, USING PULSED NEUTRON EXPERI
MENTAL OATA. THESE DATA ARF THE RESULTING TIME PROFILE OF THE 
NFUTRPN DENSITY OF A SU°CRITIOAL MULTIPLICATIVE ASSEMBLY WHICH 
IS REPETITIVELY PULSED WITH SHORT BURSTS OF NEUTRONS. THE TIME 
PROFILE IS MEASURED WITH AN APPROPRIATE DETECTOR ANC RECCRCED WITH 
A TIME ANALYSER. WITH THE CALCULATED PARAMETERS THE CODE 
DETERMINES THE VALUES OF (K*fiFTA)/L ANC REACTIVITY PY MEANS OF 
THE GARFL IS-RUSSFLL METHOD, AND REACTIVITIES USING THE GCZANI 
AND SJCSTRAND METHODS. 

4. MFTHCD PF SPLUTION - A LFAST SQUARES WEIGHTED FIT IS USED FOB THE 
DFCAY CPNSTANT AND EXTRAPOLATED POPULATION CALCULATION. ITERATION 
IS USFD FOR THE GARFLIS-BUSSELL METHOC. 

5. RESTRICTIONS PN THE CCMPLEXITY OF THE PROBLEM - THE CODE IS 
PRESENTLY RFSTRICTFD TO 2*̂ 6 EXPERIMENTAL PCINT DATA (FOR EXAMPLE, 
THOSE PRCVIDEP BY A TMC MULTICHANNEL ANALYSER). THIS IS 
ADEQUATE FCR MCST PULSEC NEUTRON MEASUREMENTS. THE RESTRICTION 
CAN BE EASILY OVERCOME IF NECESSARY RY CHANGING A CIMENSION CARC. 
MINOR PARAMETER ADJUSTMENTS ARE NEEDED OFTFRMINED BY EXPERIMENTAL 
CONDI TI ON <:. 

6. TYPICAL RUNNING TIME - THIS TIME DEPENDS MAINLY ON THE NUMBER OF 
OASFS PPPCESSFD IN CNE RUN. CN AN IPM36i'/65 TIMES ARE ABOUT 2.54 
SECONDS FOR 1 CASE, 4.78 SECCNDS FCR 4 OASES, ANC 12.3 SECONCS 
FCB lo CASES. 

7. UNUSUAL FEATURES OF THF PROGRAM - THE CCDE CALCULATES SEVERAL 
PAIRS OF CECAY CONSTANTS AND EXTRAPOLATED POPULATION OF THE 
FUNDAMENTAL PROMPT NFUTRON MODE VARYING THE STARTING ANALYSIS 
CHANNEL (INITIAL TIME). SINCE THE CODE SELECTS AS FUNDAMENTAL 
PROMPT MCDE VALUES THOSE WHIOH PROVICE THE BEST AGREEMENT RETWEEN 
FITTED ANP EXPERIMENTAL VALLES, IT CAN PROCEED CIREOTLY TO 
CALCULATE (K*BETA)/L AND REACTIVITY VALLES. THUS ALL THESE 
KINETIC PARAMETERS ARF OPTAINEC IN JUST CNE COMPUTER RUN. IN 
ORDER TP PRPVIOE A VISUAL CHECK, THE CODE PLOTS A GRAPH OF THE 
FXPFRIMENTAL DATA, CORRECTED BY NOISE AND DEAOTIME EFFECTS, AND 
FITTEO VALLES. 

B. RELATED ANC AUXILIARY PROGRAMS -

9. STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972. 

TRM36;; V E R S M N SUBMITTED JUNE 1971, SAMPLE PRCBLFM 

EXECUTEC BY ACC. 
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i n . REFERFNCES - F . D I F I L I P P C ANC N . P I E R O N I , T R I F I O O , CODE FOR CAL
C U L A T I N G K I N E T I C S PARAMETERS I N PULSED NEUTRON E X P E R I M E N T S , 
C N E A - R E 4 4 , AUGUST 1 9 7 0 . 

EDWARD G A R E L I S AND JOHN L . R U S S E L L , J R . , THEORY OF 

PULSED NEUTRON SOURCE M E A S U R E M E N T S , NS AND E , 1 6 , P P . 2 6 3 - 2 7 0 

( 1 9 6 3 ) . 
T. G O Z A N I , THE THECRY OF THE M C C I F I E C PULSED SCURCE 

T F O H N I Q U F , F I R - B E R I C H T N O . 7 9 , A P R I L 1 9 6 5 . 
N . G. S J O S T R A N C , MEASUREMENTS CN A S U B C R I T I C A L 

REACTOR U S I N G A PULSED NEUTRON S O U R C E , ARK. F Y S . , 1 1 , P P . 2 3 3 - 2 4 6 
( 1 9 5 7 ) . 

1 1 . MACHINE REQUIREMENTS - I I K 

1 2 . PROGRAMMING LANGUAGF USEC - FORTRAN IV 

1 3 . PRORATING SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
O S / 3 6 0 . 

1 4 . ANY PTHER PROGRAMMING CP O P E R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -

1 5 . NAME AND E S T A B L I S H M E N T OF AUTHCPS -
F . D I F I L I P P C AND N . P I E R O N I 
C O M I S I C N NACIONAL CE F N E R G I A ATOMICA 
OEPARTAMENTO DE REACTORES 
A D A . DEL L I B E R T A D P R 8 2 5 0 
BUENOS A I R E S , A R G E N T I N A 

' 6 . MATERIAL A V A I L A B L E -
SOURCE DECK ( 4 2 8 CARCS) 
SAMPLE PROBLEM ( 6 C A R D S ) 
REFFRENCF REPORT, C N E A - R E 4 4 

1 7 . CATEGORY - E 

KEYWORDS - K I N E T I C S P A R A M E T E R S , N E U T R O N S , L E A S T SQUARES 
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1. 

2. 

NAME OR DESIGNATION CF PROGRAM JOSHUA OPERATING SYSTEM 

COMPUTER FOR WHICH PRPGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLF - IBM360/65 

DESCRIPTION OF PROBLEM OR FUNCTION - JOSHUA IS A SYSTEM WHICH 
EFFECTIVELY STORES LARGE VOLUMES OF CATA ANC RETRIEVES IT FOR 
DISPLAY AND COMPUTATICN. 

METHOD OF SOLUTICN - THE JOSHUA OPERATING SYSTEM FAGILITATES 
THC EXECUTION OF PROBLEMS BY THE PRESERVATION CF CONVENIENTLY 
REUSABLE CATA ANC PROGRAMS THAT ARE STORED ON-LINE. THE 
DATA MAY PF USFD IN BATCH OPERATION BY COMPUTATIPNAL PROGRAMS AND 
FROM IBM226n TERMINALS FOR CREATION AND DISPLAY. 

RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM -

TYPICAL PUNNING TIME -

UNUSUAL FEATURES CF THE PRCGPAM - NAMEC DATA RECORCS WITH TREE-
STRUCTUPFC CATALOGUES, DISPLAY FORMATTING, AND MODULE EXECUTION 
FACILITIES. 

RFLATFD AND AUXILIAPY PRCGRAMS -

STATLS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972. 
IRM36'1 VERSIPN SURMITTED JUNE 1971. 

10. R E F E R F N C E S - THE JOSHUA S Y S T E M , C F S T M - 5 0 U 

V O L . 1 GENERAL 
V O L . 2 U S E R ' S G U I D E 
V O L . ? DATA SFT SPECS 
V O L . 4 L A T T I C E P H Y S I C S 
V O L . 5 B A S I C CATA P R O C E S S I N G 
V O L . 7 T R A N S I E N T REACTOR P H Y S I C S NOVEMBER 1 9 7 1 
V O L . 9 O P E R A T I N G SYSTEM JANUARY 1 9 7 1 

NOVEMBER 1 9 6 9 
OCTOBER 1 9 7 0 
CECEMBER 1 9 6 9 , 
JUNE 1 9 7 C 
MAY 1 9 7 1 

R E V . 5 / 7 J 

BYTES FCR 8 - S T A T I C N T E R M I N A L M C N I T C R , 
S I Z E FOR BATCH O P E R A T I O N , I B M 2 2 6 C 

I I . MACHINF R F Q U I P E M E N T S - 1?6K 
ROK PLUS A P P L I C A T I O N MODULE 
D I S P L A Y S T A T I O N . 

1 ? . PROGRAMMING l A N G U A G E S USEO - FORTRAN I V AND ASSEMBLER LANGUAGE 

1 3 . O P E R A T I N G SYSTEM CR MONITOR UNDER W H I O H PROGRAM I S EXECUTED -

0 S 3 6 0 / 6 5 MVT H A S P . 

1 4 . ANY OTHER PRPGRAMMING CR O P E R A T I N G I N F C R M A T I O N OR R E S T R I C T I O N S -

THE JOSHUA O P E R A T I N G SYSTEM I S T R A N S M I T T E D AS S I X F I L E S . ONE I S 

C E S I G N A T E C R U N - T I M E R O U T I N E S , THE SECONC - CATA MANAGEMENT R O U 

T I N E S , THE T H I R D - MCNITOR R O U T I N E S , THE FCUPTH - P R E C O M P I L E R 

M O D U L E , THE F I F T H - U T I L I T Y M O D U L E , AND THE S I X T H I S THE SRL 

FORTRAN L I B R A R Y R O U T I N E S . 
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1 5 . NAME AND ESTABLISHMENT OF AUTHOR -
H. C. HCNECK 
E. I. DUPCNT DE NEMOURS AND COMPANY, INC. 
SAVANNAH RIVER LABORATORY 
AIKEN, SOUTH OARCLINA 29801 

16. MATEPIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECK ( F I L F l 60P CARDS, F ILE2 2848 CARDS, F I L E 3 1 4 , 2 8 6 

CARDS, F I L E 4 35C0 CARDS, F ILES 500 CARDS, FILE6 
40C CARCS) 

1 7 . CATEGORY - M 
KEYWCRDS - DATA PROCESSING, CPERATING SYSTEMS, RETRIEVAL 
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1 . NAME OR CESIGNATION OF PROGRAM - MOOS 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
IT IS OPERABLE - IBM360 

3 . DESCRIPTION OF PRORLEM CR FUNCTION - MCC5 CALCULATES THE T I M E -
AND ENERGY-DEPENDENT EVOLUTION OF THE NEUTRON DENSITY I N HCMO-
GFNECUS MEDIA FOLLOWING I N I T I A T I O N OF A l A MONOENERGETIC SOURCE 
DISTRIRUTED OVER A F I N I T E TIME INTERVAL, OR Bl A SOURCE CF 
ARBITRARY SPECTRUM WITH A DELTA-FUNCTION DISTRIBUTION IN T IME. 
EFFECTIVELY THE CODE PRODUCES GREENS FUNCTION SOLUTIONS TO THE 
SLOWING-DOWN FOUATION IN DISCRETE NUMERICAL FORM. LEAKAGE IS 
TREATED IN THE DIFFUSICN APPROXIMATION. THE PROGRAM A) CALCU
LATES SPECTRA ANO ENERGY MOMENTS AT SELECTEC TIMES FOLLCWING THE 
BURST OF SOURCE NEUTRONS, B) EVALUATES THE TlME-OEPFNDENT 
NEUTPCN DENSITY AND SLOWING-COWN DENSITY AT SELECTEC ENERGIES 
ANC COMPUTES MOMENTS OF THESE D E N S I T I E S , 0) CALCULATES T I M E -
DFPENDFNT DISTRIBUTIONS OF CAPTURE, LEAKAGE AND FIRST F I S S I O N , 
AND MOMENTS OF THESE D I S T R I B U T I O N S , C) CALCULATES STEACY-STATE 
CENTRAL CORE NEUTRON FLUX AND LEAKAGE FLUX IN DETAIL AND IN 
GROUP-AVERAGED FCRM, ANC E) CALCULATES PARAMETERS SUCH AS KEFF. 

4 . METHOD OF SOLUTION - THE CODE IS BASED ON A DISORETE MARKOV 
SLPWING-DCWN MCDEL DEVELOPED BY THE AUTHOR. THE ENERGY RANGE OF 
INTEREST I N THE SLOWING DOWN REGICN IS CIVICED INTC AN ARBITRARY 
NUMBER OF STATES ANC A MARKOV MATRIX IS CONSTRUCTED WHICH DEFINES 
THF PROBABIL IT IES FOR TRANSITION FROM ONE STATE TO ANOTHER IN 
SOME F I N I T E TIME INTERVAL. THE NEUTRCN DENSITY (CEFINEC AS A 
VECTOR OVER THE STATE STRUCTURE) IS EVOLVED IN TIME BY REPETITIVE 
MULTIPL ICATION OF THE DENSITY VECTOR INTC THE TRANSITION 
MATRIX. CURRENTLY CROSS SECTICNS ARE DERIVED FROM THE 26-GROUP 
RUSSIAN SET. CAPTURE, F I S S I C N , AND LEAKAGE EVENTS ARE ACCOUNTED 
FOR IN THREE ABSORBING STATES. 

5 . RESTRICTIONS ON THE CCMPLEXITY CF THE PROBLEM - MAXIMA OF -
5 ISOTOPFS 

71 RFAL ENERGY STATES 
201 VIRTUAL ENERGY STATES 

26 PROAD GROUPS FOR INPUT CPCSS SECTIONS 
400 TIME-STEPS 

21 TIME MOMENTS 
10 GROUPS FROM WHICH INELASTIC SCATTERING CAN TAKE PLACE 

THE PROGRAM HAS BEEN MODIFIED TO HANDLE UP TO 701 VIRTUAL ENERGY 
STATES AND 201 REAL STATES. 

6 . TYPICAL RUNNING TIMF - ON THE I B M 3 6 0 / 6 7 THE RUNNING TIME IN SEC
ONDS I S GIVEN APPROXIMATELY PY THE FORMULA 

T = . 0 0 4 N • NV + 10 
WHERE N IS THE NUMBER CF REAL STATES ANC NV IS THE NUMBER OF 
VIRTUAL STATES. 
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7 . UNUSUAL FEATURES OF THE FRCGPAM -
(A) ELASTIC SCATTERING TRANSITION PROBABILITIES ARE CALCULATED 

WITH A NEW STOCHASTIC ALGORITHM, REFERENCE 1 . 
(B) THF STATE STRUCTURE CAN BE CALCULATED BY THE COCE TO PRO

VIDE OPTIMAL (MOST ACCURATE) TREATMENT OF ELASTIC SCATTER
ING. 

(C) CALCULATION TIMES MAY BE GREATLY RECUCEO BY ALLOWING THE 
TRANSITION MATRIX TO FOLLOW THE NEUTRON DISTRIBUTION. 
THIS TRAVELING ARRAY TECHNIQUE MAY ALSO ALLOW A MUCH FINER 
STATE STRUCTURE FOR A GIVEN CCPE CAPACITY. 

(D) A UNIQUE TRANSITION MATRIX GENERATING TECHNIQUE PROVIDES 
TRANSITION MATRICES THAT ARE CONSISTENT, ACCURATE, AND 
STABLE REGARDLESS OF ENERGY RANGE CR TIME-STEP WIDTH. 

8. RELATED AND AUXILIARY PRCGRAMS - SLCAC ARRANGES THE CROSS SECTION 
IIBRARY IN PROPER FORMAT AND LOADS I T CN THE APPROPRIATE DIRECT 
ACCESS DEVICE. 

9 . STATUS - ABSTRACT FIRST DISTRIBUTED JANUARY 1 9 7 2 . 
IBM360 VERSION SUBMITTED JUNE 1 9 7 1 , SAMPLE PROBLEM 

EXECUTED BY ACC. 

1 0 . REFERENCES - T . J . WILLIAMSON AND R. W. AL6RECHT, A DIRECT STO
CHASTIC MPDEL FOR NFUTRON MODERATION, NS AND E, 3 7 , P P . 4 1 - 5 8 
( 1 9 6 9 ) . 

T . J . WILLIAMSON AND R. W. ALBRECHT, CALCULATIONS 
OF NEUTRPN TIME-ENERGY DISTRIBUTIONS IN HEAVY MODERATORS, NS AND 
E, 4 2 , P P . 8 9 - 1 1 1 ( 1 9 7 0 ) . 

L. P. A6AGYAN, ET A L . , GROUP CONSTANTS FOR NUCLEAR 
REACTOR CALCULATIONS, CONSULTANTS BUREAU, 1 9 6 4 . 

T. J . WILLIAMSON, MCDS USERS MANUAL, NPS-61WN71061A, 
1 9 7 1 . 

1 1 . MACHINE REQUIREMENTS - 175K BYTES MEMORY, NORMAL INPUT, 
OUTPUT, PROGRAM, AND PUNCH U N I T S , 6 CYLINDERS OF IBM2314 CR 
EQUIVALENT DIREOT ACCESS STORAGE 

1 2 . PROGRAMMING LANGUAGE USED - FORTRAN IV 

1 3 . OPERATING SYSTEM CR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
IBM360 CP-CMS. 

14 . ANY OTHER PROGRAMMING CR OPERATING INFORMATION OR RESTRICTIONS -

1 5 . NAME ANC ESTABLISHMENT OF AUTHOR -
T . J . WILLIAMSON 
PHYSICS DEPARTMENT, COOE 61WN 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY, CALIFCRNIA 93940 

1 6 . MATERIAL AVAILABLE - MAGNETIC TAPE TRANSMITTAL 
SOURCE DECKS (MODS 2600 CARDS, SLOAC 103 CARDS) 
SAMPLE PROBLEMS (MOOS 23 CARDS, SLCAO 1992 CARDS) 
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16. MATEPIAL AVAILABLE (CONTINUEC) 
RFFERENCE REPORT, NPS-61WN71C6lA INCLUDING THE TWO NS AND E 

REPRINTS 

17. CATEGORY - E 
KEYWCRDS - M U L T I G R O U P , S L O W I N G COWN, S P A C E - I N D E P E N D E N T , S P E C T R A , 

SLCAO CODES 
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1 . NAME OR D E S I G N A T I O N CF PROGRAM - RAMPl 

2 . COMPUTER FOR WHICH PROGRAM I S D E S I G N E D ANO OTHERS UPON WHICH 

I T I S OPERABLE - C D C 6 6 0 0 

3 . D E S C R I P T I O N OF PROBLEM OR F U N C T I O N - R A M P l C A L C U L A T E S S C A T T E R I N G , 
C A P T U R E , F I S S I C N AND TOTAL OROSS S E C T I O N S FROM R E I C H - M O O R E 
RESOLVED RESONANCE P A R A M E T E R S . THE RESONANCE PARAMETERS ARE 
ASSUMED TC BE I N E N C F / B V E R S I O N I I DATA F O R M A T . CRCSS SECTIONS 
MAY RE DOPPLER BROACENED I F SC D E S I R E D . 

4 . METHOD OF S O L U T I O N - THE R E I C H - M O O R E A P P R O X I M A T I O N I S USEO AS 

D E S C R I B E D I N REFERENCE 2 . 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF THE PROBLEM - THE PROGRAM 
ASSUMES THAT THE RESCLVEC RESCNANCE PARAMETERS ARE G I V E N FOR A 
S INGLE ENERGY RANGE FOR ALL I S O T O P E S ANC CAN HANDLE RESONANCE OATA 
UP TO A MAXIMUM OF 10 D I F F E R E N T I S O T O P E S W I T H A TOTAL OF SOO RESC-
NANCES OVER ALL I S O T O P E ENERGY RANGES AND L VALUES AND AN L VALUE 
NOT E X C E E D I N G 5 . THE MESH P O I N T S AT WHIOH THE CRCSS S E C T I C N S ARE 
CALOULATEC CAN BE V A R I E D . S I N C E THE C A L C U L A T E D DATA ARE NOT 
STORED, AN INCREASE I N THE NUMBER OF MESH P O I N T S GOES NOT CONFLICT 
W I T H ANY STORAGE R E Q U I R E M E N T S . 

6 . T Y P I C A L PUNNING T I M F - C A L C U L A T I C N S CF 4 I S O T O P E S I N V O L V I N G A 
TOTAL OF 2 9 4 S - AND P-WAVE RESONANCES TAKE 1 1 SECCNDS OF CENTRAL 
PPCCESSOR T I M E PER 1 0 0 ENERGY P O I N T S ON THE C D C 6 6 C 0 . 

7 . UNUSUAL FEATURES OF THE PROGRAM - THE DCPPLER BROACENINC IS 
DCNE U S I N G NUMERICAL METHODS AND CAN HANDLE P-WAVE AND 
RESONANCES 0 P P R E S P O N D I N G TO H IGHER P A R T I A L W A V E S . 

8 . RELATED ANC A U X I L I A R Y PRCGRAMS - OTHER E N D F / B V E R S I O N I I PROCESS
ING CODES FOR THF RESONANCE R E G I O N ARE S I G P L O T (ACC ABSTRACT 3 7 7 1 
AND AVRAGE3 AND 4 , S I G M A 2 , AND ADLER (ACC ABSTRACT 4 6 5 1 . 

9 . STATLS - ABSTRACT F I R S T D I S T P I B U T E D JANUARY 1 9 7 2 . 
0 0 0 6 6 0 0 V E R S I O N S U B M I T T E D JUNE 1 9 7 1 , REPLACED BY R E V I S E D 

V E R S I O N CECEMBER 1 9 7 1 . 

1 0 . REFERENCES - M . R . B H A T , E N D F / 8 P R O C E S S I N G COOES FOR THE RESONANCE 
R E G I C N , B N L - S 0 2 9 6 ( E N C F - 1 4 8 ) , JUNE 1 9 7 1 . 

0 . W. R E I C H ANO M. S . MOORE, M U L T I L E V E L FORMULA FCR 
THE F I S S I C N PROCESS, P H Y S . R E V . , I l l , P P . 9 2 9 - 9 3 3 ( 1 9 5 8 ) . 

11. MACHINE REQUIREMENTS - 40K OCTAL MEMORY 

12. PROGRAMMING LANGUAGE USEC - FCRTRAN IV 

13. OPERATING SYSTFM OR MONITOR UNDER WHICH PROGRAM IS EXECUTED -
SCOPE 3.O. 
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1 4 . ANY CTHEP PBOGBAMMING OR OPERATING INFORMATION OR RESTRICTIONS -

15 . NAME ANO ESTABLISHMENT OF AUTHOR -
M. R. BHAT 
NATIONAL NEUTRON CRCSS SECTICN CENTER 
BROOKHAVEN NATIONAL LABORATCRY 
UPTON, LONG ISLANC, NEW YORK 11973 

16 . MATERIAL AVAILABLE -
SCURCE CECK ( 1 1 2 7 CARCS I 
SAMPLE PROBLEM (22 CARDS) 
REFERENCE REPORT, B N L - 5 0 2 9 6 

17. CATEGCRY - A 
KEYWORDS - SCATTERING, CAPTURE, FISSION, CRCSS SECTIONS, 

DOPPLER BROADENING, RESOLVEC REGION, RESONANCE 
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1. NAME OR CESIGNATION OF PROGRAM - TROUT 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED ANO CTHERS UPON WHICH 
IT IS OPERABLE - GE63S 

3. DESCRIPTION OF PROBLEM CR FUNCTICN - TROUT IS A FILE MAINTENANCE 
PRCGRAM WHICH ALLOWS THE USER TO ALTER, MERGE, DELETE, OVERLAY 
CR CREATE MULTIGPOUP CRCSS SECTION FILES IN MUG FORMAT. 

4. METHOD CF SOLUTION -

5. RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - UP TO 4 FILE 
TAPES MAY BE MOUNTED AND MERGED INTO A SINGLE FILE TAPE. A FILE 
TAPE MAY NCT HAVE MORE THAN 30 FILES. 

6. TYPICAL RUNNING TIME - A 4-GROUP CROSS SECTION FILE IS GENERATED 
FROM CARD INPUT IN ABOUT 10 SECONDS. THE OPTIONAL PRINT CAPABILI
TIES PF THE PRPGRAM CAN GREATLY INCREASE THE RUN TIME. 

7. UNUSUAL FEATURES OF THE PROGPAM -

8. RELATED AND AUXILIARY PROGRAMS - TROUT USES THE GE NPCST-RWSBT 
INPUT/OUTPUT ROUTINES. IT ALSO GOES TAPE HANDL ING REQUIRED BY 
SYN (ACC ABSTRACT 4 9 5 ) . 

9. STATLS - ABSTRACT FIRST DISTRIBUTED JANUARY 1972. 
GE635 VERSION SUBMITTED JUNE 1971. 

10. REFERENCES - P. A. DAVIS, W. A. DUNCAN, M. D. KELLEY, TROUT, 
A SYSTEM OF FILE TAPE MAINTENANCE ROUTINES, APEC-4738. 

GE NUCLEAR ENERGY DIVISION SYSTEM ROUTINES, ACC 
COLLECTICN, CCTOBER 1971. 

11. MACHINF REQUIREMENTS - 2SK OF FAST MEMCRY, 6 TAPE CRIVES, ANC 
4O00 WORDS OF PERIPHERAL STORAGE 

12. PROGRAMMING LANGUAGE USED - FCRTRAN IV 

13. OPERATING SYSTEM OR MONITOR UNCER WHICH PROGRAM IS EXECUTED -
GECOS III. 

14. ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTIONS -
COMPUTER MUST HAVE THE ABILITY TO USE READ AFTER WRITE IN
STRUCTIONS. MACHINE-DEPENDENT CALLS MAKE USE OF THIS ABILITY 
TO TRANSFFR DATA DIRECTLY FROM MEMORY TO ANY PERIPHERAL DEVICE 
AND HENCE, SHORTEN THE REQUIRED RUN TIME. 

15. NAME AND ESTABLISHMENT OF AUTHORS -
R. A. DAVIS, W. A. DUNCAN, AND M. D. KELLEY 
GENERAL ELECTRIC COMPANY 
NUCLEAR ENERGY DIVISION 
175 CURTNER AVENUE 
SAN JOSE, CALIFORNIA 95125 
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1 6 . 

17. 

M A T E P I A L A V A I L A B L E - M A G N E T I C TAPE T R A N S M I T T A L 
SOURCE DECK ( 2 4 8 2 C A R C S ) 
SAMPLE PROBLEM ( 1 6 7 C A R D S ) 
REFERENCE REPORTS 

CATEGORY -
KEYWORDS - L I B R A R I E S , R E T R I E V A L , M U L T I G R O U P , CROSS S E C T I O N S , 

M A I N T E N A N C E , SYN CCOES 
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1 . NAME OR DESIGNATION OF PROGRAM - ADEP 

2 . COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHERS UPON WHICH 
I T IS OPERABLE - CDC6400 

3 . DESCRIPTION OF PROBLEM OR FUNCTION - THE TIME-DEPENDENT FEW-GROUP 
NEUTRON DIFFUSION EQUATIONS ARE SOLVED IN ONE OR TWO DIMENSIONS. 
LUMPED PARAMETER THERMAL-HYDRAULIC EQUATIONS ARE USEO TC CALCULATE 
FEEDBACK. 

4 . METHOD OF SOLUTION - THE ALTERNATING CIRECTION EXPLICIT METHCD OR 
EXPONENTIALLY TRANSFORMED ALTERNATING DIRECTION EXPL IC IT METHOD 
I S USED. CNE SET OF FUEL ANC CCCLANT TEMPERATURES CETERMINED FROM 
THE AVERAGE POWER GENERATION IS LSED FCR EACH REGICN WITH THE 
REGION CROSS SECTIONS ADJUSTED ACCORDING TO THESE TEMPERATURES. 
EXTERNAL ADJUSTMENT OF REGIONAL CRCSS SECTIONS DURING THE TRAN
SIENT CAN BE ACCOMPLISHED BY SPECIFYING A LINEAR RATE FCR CHANGE 
CVER A TIME INTERVAL. 

5 . RESTRICTIONS ON THE COMPLEXITY CF THE PROBLEM - VARIABLE DIMEN
SIONING PERMITS FLEXIB IL ITY IN THE NUMBER OF ENERGY GROUPS, NUMBER 
OF DELAYED PRECURSORS, NUMBER CF REGIONS, ANC NUMBER CF MESH 
POINTS. PROBLEMS ARE I N I T I A T E D FROM EQUILIBRIUM CCNDITIONS. ZERC 
FLUX BOUNDARY CONDITIONS APPLY AT ALL SURFACES. 

6 . TYPICAL RUNNING TIME - ON A C0C6400 THE RANGE CAN BE FRCM 1 MINUTE 
TO AN HOUR DEPENDING CN THE PROBLEM. THE SAMPLE PROBLEM TAKES 3 
MINUTES. 

7 . UNUSUAL FEATURES OF THE PRCGPAM - A STEADY-STATE SUBROUTINE CAN BE 
USED TO CALCULATE CONSISTENT I N I T I A L CONDITICNS OR ADJOINT FLUXES. 
THIS SUBRCUTINE CAN ALSO BE USED TO DETERMINE THE PCINT KINETICS 
PARAMETERS RHO, BETA, ANC L* FOR A GIVEN CONFIGURATION. PROBLEMS 
CAN BE RESTARTED FROM TAPE. TIME-STEP SIZE CAN BE VARIED BUT NO 
AUTOMATIC TIME-STEP SIZE ASSIGNMENT IS INCLUDED I N THE PROGRAM. 

8 . RELATED AND AUXILIARY PROGRAMS - THE ACEPl AND ADEP2 COCES ARE 
SUPEPCEDED BY THIS VERSION. 

9 . STATLS - ABSTRACT FIRST DISTPIBUTED JANUARY 1 9 7 2 . 
CDC6400 VERSION SUBMITTED AUGUST 1 9 7 1 . 

1 0 . REFERENCE - R. S. DFNNING, ADEP, CNE- AND TWO-DIMENSIONAL FEW-
GROUP KINETICS CODE, B M I - 1 9 1 1 , JULY 1 9 7 1 . 

1 1 . MACHINE REQUIREMENTS - 4 0 , 0 0 0 (OCTAL) MEMCRY NEEDED TC LOAC THE 
BAS10 PROGRAM 

1 2 . PROGRAMMING LANGUAGE USED - FCRTRAN IV 

1 3 . OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
SCOPE 3 . 3 . 
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1 4 . ANY CTHEP PROGRAMMING OR O P E R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -
V A R I A B L Y - D I M E N S I O N E D ARRAYS ARE STORED AT THE END CF BLANK COMMON 
ANC ADDRESSES ARE T R A N S F E R R E D THROUGH THE ARGUMENTS OF S U B R O U 
T I N E S . THE COMPUTER MUST BE I N S T R U C T E C NCT TO REDUCE THE F I E L D 
L E N G T H AFTER L O A D I N G . 

1 5 . NAME AND E S T A B L I S H M E N T CF AUTHOR -
P . S . D E N N I N G 
BATTELLE COLUMBUS LABORATORIES 
505 KING AVENUE 
COLUMBUS, CHIC 432C1 

16. MATERIAL AVAILABLE - MAGNFTIC TAPE TRANSMITTAL 
SPURGE DECK (1743 CARDS) 
SAMPLE PROBLEM (42 CARDS) 
RFFFRENCE REPORT 

1 7 . CATEGORY - F 
KFYWORDS - 1 - D I M E N S I O N A L , 2 - D I M E N S I O N A L , F E W - G R O U P , D I F F U S I O N , 

S P A C F - T I M E K I N F T I C S , E X C U R S I O N 
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1 . NAME OR D E S I G N A T I O N CF PROGRAM - SYN 

? . COMPUTER FOR WHICH PROGRAM I S D E S I G N E D AND OTHERS UPON WHICH 

I T I S OPERABLE - G E 6 3 5 

3 . C E S C P I P T I C N OF PROBLEM CR F U N C T I O N - SYN C O N T A I N S TWO MAJOR 
S E G M E N T S , R I S Y N AND R I C Y O L . THE B I S Y N SEGMENT SOLVES THE TWO-
D I M E N S I O N A L M U L T I G R O U P NEUTRON D I F F U S I O N THEORY E Q U A T I O N S I N 
R , Z OR X , Y GEOMETRY U S I N G A N O N I T E R A T I V E S Y N T H E S I S M E T H O D . T H I S 
APPROACH I S D F S I G N E D TC GREATLY REDUCE THE CCMPUTEP COST OF 
R U N N I N G T W O - D I M E N S I O N A L M U L T I G R O U P PRORLEMS AT THE R I S K CF SCME 
LOSS I N ACCURACY PF THE C E T A I L E C FLUX C I S T R I B U T I O N . T H I S 
SEGMENT ALSO C O N T A I N S A P E R T U R B A T I O N AND E F F E C T I V E CELAYED 
NFUTRON F R A C T I O N C A L C U L A T I O N . 

THE R I C Y O L SEGMENT USES OUTPUT FROM B I S Y N TO SOLVE THE O N E -
GROUP NEUTRPN D E P L E T I O N E O U A T I C N S . R I C Y O L ALLOWS THE USER TC 
SEARCH ON MAKEUP OR RECYCLE I S O T O P I C C O M P O S I T I O N S FOR A F I R S T 
CYCLF OF A F I R S T COPF CR ECR E C U I L I R R I U M CCNOENTRAT I O N S . I T ALSC 
HAS P R O V I S I O N S FOR FUEL S H U F F L I N G AND THE O P T I C N TO CYCLE BACK TO 
B I S Y N I N ORDER TO UPDATE THE F L U X E S , ONE-GROUP CROSS S E C T I O N S , 
F T C . 

4 . METHCD OF S O L U T I C N - THE B I S Y N APPROACH I S TO RUN ONE OR TWO 
I N I T I A L P N E - D I M E N S I P N A L F L L X S O L U T I C N S I N THE D I M E N S I O N S P E C I F I E D 
RY THE U S E R . FROM THE I N I T I A L S O L U T I O N I S ) , GROUP AND R E G I C N 
DFPFNDENT RUCKLINGS ARE CALCULATED FOR UP TO F I V E O N E - D I M E N S I O N A L 
ELUX AND A D J O I N T S O L U T I O N S I N THE ORTHOGONAL D I M E N S I O N . THESE 
S O L U T I O N S ARE THEN N O R M A L I Z E D TO BECOME SHAPE F U N C T I O N S . EACH 
SHAPE F U N C T I O N I S THEN USEC TO CALCULATE FLUX AND A D J O I N T 
W E I G H T E D CROSS S E C T I O N S AVERAGED OVER THE FULL SPAN OF THAT 
SHAPE F U N C T I O N FCR EVERY R E G I O N ( S ) I N WHIOH I T I S TO BE U S E D . 
T H U S , R E G I O N - D E P E N D E N T CRPSS S E C T I O N S ARE O B T A I N E C WHICH VARY 
CNLY I N THE D I M E N S I O N SELECTED FOR THE I N I T I A L S O L U T I O N I S ) . A 
F I N A L S O L U T I C N I S T H E N PERFORMED I N T H I S C I M E N S I O N , U S I N G THE 
COLLAPSED CROSS S E C T I O N S , TC GENERATE A GRCUP AND MESH CEPENCENT 
SET CF FLUXES AND A D J O I N T S PLUS AN E I G E N V A L U E . THE SHAPE 
F U N C T I O N S ARE THEN COMBINED WITH THE F I N A L S C L U T I C N TC SYNTHESIZE 
A T W O - D I M E N S I O N A L SET OF REAL AND A D J O I N T F L U X E S . E X T E N S I V E E D I T 
R O U T I N E S ARE A V A I L A B L E TC CALCULATE THE PCWER C I S T R I B U T I O N , N E U 
TRON BALANCE, E T C . AS I S A P E R T U R B A T I O N R O U T I N E WHICH W I L L CALCU
LATE D E L T A ( K ) / K BY R E G I C N , S U B R E G I P N , OR BY MESH P O I N T . 

B I C Y C L CONVERTS THE T W P - D I MENS1 ONAL OUTPUT DATA FROM B I S Y N TO 
P N E - C T M F N S I O N A L I N P U T C A T A . EACH BURNABLE R E G I O N I S A S S I G N E D 
TP A FUEL TYPE WITH THE NECESSARY C C N D I T I C N THAT ALL REGIONS 
W I T H I N A FUEL TYPE HAVE THE SAME I N I T I A L I S O T O P I C S . B I C Y C L 
THEN USES THE I N T E G R A T E C FCRM OF THE GENERAL T I M E - D E P E N D E N T 
D I F F E R E N T I A L E Q U A T I O N D N / D T = RATE OF P R O D U C T I O N - PATE CF 
D E S T R U C T I C N . T H I S FORM OF THE E Q U A T I O N I S USED I N THE SOLUTION 
PF THE COMBINED T H P R I U M - U R A N 1UM C H A I N PLUS FOUR I N D E P E N D E N T 
F I S S I O N PRODUCT AGGREGATES ( E X C L U D I N G XENON AND SAMARIUM WHICH 
ARE TREATED S E P A R A T E L Y ) FOP EACH FUEL T Y P E . THE PRCGRAM THEN 
PERFORMS THE NECESSARY SEARCH C P T I C N S ( B U R N U P - M A K E U P - R E C Y O L E ) TO 
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MFTHPO OF SOLLTION (OCNTINUEC) 

OBTAIN A RFQUFSTEO REACTIVITY (THE REACTIVITY CALCULATICNS ARE 
DPNF RY PERTURBATION T H E C R Y ) . ONCE THE BEACTIVITY IS SATISFIED 
(A CYCLE) IT THEN PROCEECS TO CALCULATE AN ESTIMATE OF THE 
ISPTOPIOS FOP THE NEXT CYCLE. WHEN THE CYCLE HAS THE ISOTOPICS 
WITHIN A GIVEN EPSILCN CF THE PREVIOUS CYCLE THEN THE PROBLEM IS 
CONSIDFRED TO RE AT EQUILIRRIUM. INTERIOR TO A CYCLE THE FUEL 
MAY RE SHUFFLED IN A PRE-DETERMINED MANNER. 

THE FRORLEM -

(75 NCDES) 

5. RESTRICTIONS PN THE COMPLFXITY CF 
BISYN AND PICYCL MAXIMA -

P RFGICNS IN EITHER DIMENSION 
74 INTERVALS IN EITHER DIMENSION 
16 LETHARGY GROUPS 
8 DOWNSCATTER GROUPS 

120 DIFFERENT ISOTCPES 
40 ISOTOPES PER CCMPCSITICN 
64 OOMPCSlTICNS 
2 INITIAL SOLUTIONS 
5 SHAPE FUNCTICNS 

HPMPGENIZATICN OF REGIONS FOR SHAPE FUNCTIONS 
BICYCL MAXIMA -

40 FUEL TYPES 
20 TIME-STEPS 
5 SHUFFLING SEQUENCES PER FUEL TYPE 

26 ISOTOPES IN BURNER CHAIN 

6. TYPICAL RUNNING TIMF - A BISYN PROBLEM WITH 6 RADIAL REGIONS, 
5 AXIAL RFGIONS, 2 INITIAL SOLUTIONS, 4 SHAPE FUNCTION SOLUTIONS, 
AVERAGE FDIT CONTROL PLLS A BICYCL PROBLEM WITH 20 FUEL TYPES, 
29 REGIPNS, RECYCLE SEARCH CFTIPN, ANC MINIMUM EDIT CONTROL 
USES APPROXIMATELY 6 MINUTES CF GE635 PROCESSOR TIME. 

UNUSUAL FEATURES OF THE PROGRAM - BISYN MAY CALCULATE S 
FUNCTIONS IN NON-MULTIPLYING REGIONS (BLANKETS, REFLECT 
A LEAKAGE SOURCE FROM THE SHAPE FUNCTICN OF AN ADJACENT 
REGION, OR MAY BE SFT UP SIMPLY EY COPYING A PREVIOUS S 
FUNCTION WITH THE FLUXES IN LETHARGY GROUPS X+1 TC IMAX 
EQUAL TO THF FLUX IN GROUP X. THE PROGRAM HAS THE OPTI 
CHECKING FPR NEGATIVE TOTAL REMOVAL CROSS SECTICNS PY G 
AND REGION(S) PLUS NOTING WHERE THEY OCCUR. THE USER H 
OPTION PF ZEROING PUT THE BUCKLING OR THE REMOVAL CROSS 
BEFORE THE FLUX SOLUTION IS RUN. IF NO ACTION WAS TAKE 
ENCOUNTERING NEGATIVE REMOVAL OROSS SECTIONS AND THE FL 
NEGATIVE THEN THE USFR HAS THE OPTION CF A) TERMINATING 
PPORLFM, R) SFTTING TO ZERC THCSE BUCKLING VALUES CORRE 
TO THOSE GRPUPS AND REGIONS FOR WHICH THE FLUX WAS NEGA 
SFTTING TP ZERC THOSE REMOVAL CROSS SFCTIONS COPRESPONC 
THOSE GRPUPS AND REGIONS FOR WHICH THE FLUX WAS NEGATIV 

RICYOL USES MULTIGROUP PERTUREATION THEORY FOR CALCU 
REACTIVITY IGNORING ALL MATRIX TERMS. THE PROGRAM, CN 
NAY RECYCLE FUEL FROM ANY ONE FUEL TYPE TO ANY CTHER FU 

HAPE 
ORS ) USING 

HAPE 
SET 

ON OF 
ROUPISI 
AS THE 
SECTION 

N ON 
UX BECOMES 
THE 
SPONGING 
TIVE, OR 
ING TO 
E. 
LATING 
OPTICN, 
EL TYPE. 

CI 
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8 . R F L A T E D ANO A U X I L I A R Y PROGRAMS - RAPFU (ACC ABSTRACT 3 7 2 ) , FUMBLE 
(ACC ABSTRACT 4 8 0 ) , TROUT (ACC ABSTRACT 4 9 3 ) , AND THE NPCST-RWSBT 
SYSTEM PF I N P U T / P U T P U T R O U T I N E S . 

9 . STATUS - ABSTRACT F I R S T D I S T R I B U T E D JANLARY 1 9 7 2 . 
GE63S V E R S I O N S U B M I T T E D MAY 1 9 7 1 . 

REFERENCES - P . G R E E B L E R , ET A L . , B I S Y N - A T W C - D I M E N S I C N A L 
S Y N T H E S I S PROGRAM, G E A P - 4 9 2 2 , J U L Y 1 5 , 1 9 6 5 , ANO SUPPLEMENT 1 , 
DECEMBER 1 9 6 8 . 

M. 0 . K E L L F Y AND T . R. J O N E S , B I S Y N - P E R T - A T W C -
O I M E N S I P N A L P F R T U R B A T I O N MCCULE FOR THE B I S Y N S Y S T E M , 
G E A P - n 0 4 6 , A P R I L 1 9 6 9 . 

P . 0 . VAUGHAN, ET A L . , B I C Y C L ' - A COMPUTER COOE FCR 
T W O - D I M E N S I O N A L A N A L Y S I S OF E Q U I L I B R I U M FUEL C Y C L E S , 
G E A P - 1 3 S S 6 , DECEMBER 1 9 6 9 . 

M . C . K E L L E Y , SYN - O P E R A T I O N A L A S P E C T S CF THE 
COMBINED R I S Y N , P E R T , ANC B I C Y C L S Y N T H E S I S C O D E S , 
G E A P - 1 3 6 7 ? , DECEMBER 1 9 7 0 . 

GE NUCLEAR ENERGY D I V I S I O N SYSTEM R O U T I N E S , ACC COL
L E C T I O N , OCTOBER 1 9 7 1 . 

1 1 . MACHINE RECUIPEMENTS - 5 IK OF FAST MEMORY, 2 TAPE D R I V E S AND 
8 2 1 , 7 6 0 WORDS DF P E R I P H E R A L STORAGE. 

1 2 . PROGRAMMING LANGUAGES USED - FORTRAN IV ANC GMAP 

1 3 . O P E R A T I N G SYSTEM OR MONITOR UNDER WHICH PRCGRAM I S EXECUTED -
GECOS I I I . 

1 4 . ANY OTHER PROGRAMMING OR O P E R A T I N G I N F C R M A T I O N OR R E S T R I C T I O N S -
EACH OF THF SEGMENTS, B I S Y N AND B I C Y C L , I S D I V I D E D I N T O L I N K S (OR 
CORE LOADS) WITH EACH L I N K CCMPCSEO CF A C R I V E R R C U T I N E ANC ITS 
SUBORDINATE R O U T I N E S . THE M A I N B I S Y N R O U T I N E HAS BEEN RELEGATED 
TP S L B R P U T I N E STATUS TO CONFORM TO THE L I N K ( O V E R L A Y ) STRUCTURE. 

1 5 . NAME AND E S T A B L I S H M E N T OF AUTHCR -
M. D . KELLEY 
GENERAL E L E C T R I C CCMPANY 
BREEDER REACTOR DEVELOPMENT O P E R A T I O N 
S U N N Y V A L E , C A L I F O R N I A 9 4 0 8 6 

1 6 . MATERIAL A V A I L A B L E - MAGNETIC TAPE T R A N S M I T T A L ( 2 T A P E S ) 
SOURCE DECK ( 3 7 , 2 5 0 C A R C S ) 
SAMPLE PROBLEMS ( 1 3 1 CARDS) 
REFERENCE REPORTS 

1 7 . CATEGORY - 0 

KEYWORDS - 2 - D I M E N S I O N A L , M U L T I G R O U P , D I F F U S I O N , X - Y , R - Z , SYNTHE
S I S , D E P L E T I O N , P E R T U R B A T I O N T H E O R Y , RAPFU C O O E S , 
FUMBLE C O D E S , TROLT CCDES 
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1. NAME OR DESIGNATION OF PROGRAM - KAPLPLOT 

2. CPMPUTFR FOR WHICH PROGRAM IS CESIGNEC AND OTHERS UPON WHICH 
IT IS OPERABLE - CD066CC 

DESCRIPTION OF PROP 
ARP CALCOMP SURRPUT 
TC PROVIDE GRAPHIC 

GRLIN IS USED TO 
TORS, ANO ENABLE TH 

GRLCG IS USFD TO 
TPRS, AND PERMIT US 

LINLG PRPVIOES T 
GRAPHS WITH LINEARL 
SAME CAPABILITY WIT 

PFNSFT INITIALIZ 
IDENTIFICATION, TIM 

PENENO MOVES THE 
QUENT PLOTS FROM OV 

I PLOT MCVES THE 
PPSITIPN. 

IDPLCT MOVES THE 
FPOM ITS PRESENT PO 

PSCALE ESTABLISH 
SUBROUTINE IN SCALI 

SPLOT CAUSES THE 
RY APPLYING PSCALE 

XCPLOT AND YCPLO 
PARALLEL TO THE DIP 
ORDINATE AXIS, YCPL 

PMARK CAUSES A D 
POSITION PF THE PEN 

PLTSIZE CONVEYS 
ENAHLE THF PLOTTING 
A MINIMUM LENGTH PF 

METHOD PF SPLUTION 

iLEM OP FUNCT 
INES WRITTEN 
OUTPUT. 
1 CRAW AN AX I 
E USER TO DR 
DRAW AN AXl 

lERS TC DRAW 
HE CAPABILIT 
Y SOALEC ABS 
H LINEARLY S 
ES THE PLOTT 
IF, DATE, AND 
PEN OFF A C 

ERWRITING TH 
PLCTTER PEN 

ICN - KAPLPLOT IS THE SET OF STAND-
AT KNOLLS ATOMIC POWER LABCRATORY 

S SYSTEM, ESTABLISH SCALING FAC-
Aw LINEAR GRAPHS. 
S SYSTEM, ESTABLISH SCALING FAC-
FULL LOGAPITHMIG GRAPHS. 
Y OF DRAWING S E M I - L C G A R I T H M I C 
C I S S A S W H I L E LOGLN P R O V I D E S THE 
CALED ORCINATES. 
ING SLBROUTINES AND DRAWS THE JCB 
CHARGE NUMBER. 

CMPLETED PLOT ANC PREVENTS SUBSE-
E COMPLETED PLOTS. 
FRCM ITS CURRENT POSITION TO A NEW 

PEN A SPECIFIED INCREMENTAL DISTANCE IN INCHES 
SITICN. 
ES THE VALUE OF FACTORS TO BE USEO BY THE SPLOT 
NG USER DATA TO FIT ON PLOTTER COORDINATES. 
PEN TO MOVE TC COORDINATES WHICH ARE OBTAINED 

SCALE FACTORS TO USER OATA. 
T CAUSE ALPHABETIC INFORMATION TC BE WRITTEN 
ECTION OF THE ABSCISSA AXIS, XCPLOT, OR THE 
OT. 
tSTINCTIVE SYMBOL TO Bi PLCTTEC AT THE CURRENT 

TO THE PLCTTING SYSTEM INFORMATION WHICH WILL 
SYSTEM TC PLACE THE MAXIMUM NUMBER CF PLOTS IN 
PAPER. 

RESTRICTIONS CN THE COMPLEXITY OF THE PROBLEM - PLCTTER RESOLUTION 
IS .005 INCHES. THIS MEANS THE PLCTTER CAN MOVE TC WITHIN .0025 
INCHES CF ANY SPECIFIED POINT ON THE PAPER. THEREFORE, IT IS OF 
NP VALUE 
NUMBERS 
LIMITED. 

TO GUARANTEE MORE THAN 3 DECIMAL DIGITS OF ACCURACY IN 
WHICH ARE TO BE PLOTTED. THE RANGE OF PEN MOTION IS 

THE PEN MAY BE MOVED ONLY WITHIN A RECTANGLE WHOSE 
DIMENSIONS ARE 11 INCHES PY 11 INCHES. THESE DIMENSIONS MAY BE 
CHANGED 
TINES, I 

BY CALLING PLTSIZE. CN GALLING ANY OF THE DRAWING SUBROU-
E AN ATTEMPT IS MADE TO MOVE THE PEN OUTSICE THE RECTANGLE 

OF ALLOWABLE PEN MOTION, THE ATTEMPT WILL FAIL. THE ABSOLUTE 

PLOTTING 
TO 11.0 

COORDINATES CF POINTS WITHIN THE RECTANGLE ARE FROM 0.0 
IN POTH DIRECTIONS (UNLESS THE MAXIMUM VALUES ARE CHANGED 

PY CALLING PLTSIZE). IF A NEGATIVE X OR Y COORDINATE IS GIVEN, 
ZERO WILL BF USED INSTEAD OF THE GIVEN VALUE. IF A COORDINATE 
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5. RFSTRICTICNS CN THE COMPLEXITY OF THE PROBLEM (CCNTINUECI 
WHICH EXCEEDS THE ALLOWABLE BOUND I S G I V E N , THE ALLOWABLE BOUND 
WILL BE USEC. 

6 . TYPICAL RUNNING TIME - THE TIME LSED I N PLOTTING IS PROPORTIONAL 
TC THF AMOUNT OF PEN MOTION WHICH IS DONE, WHETHER OR NOT THE PEN 
IS ACTUALLY DRAWING. THE SPEED AT WHIOH THE PEN IS MOVED ABOUT 
THE PAPER IS PROPORTIONAL TO THE LENGTH OF THE MOVE. TO DRAW A 
10 - INCH LCNG LINE IN ONE MCTION TAKES FROM . 5 5 TO . 7 7 SECONDS, 
DEPENDING ON THE ANGLE OF THE L I N E . TO DRAW THE SAME 10- INCH LINE 
IN .01 INCH INCREMENTS WOULD TAKE 2 . 0 4 TO 2 . 8 6 SECONDS. THE D IF 
FERENCE IN COMPUTER TIME IS COMPARABLE. 

7 . UNUSUAL FEATURES OF THE PROGRAM -

8 . RELATED AND AUXILIARY PROGRAMS - THIS PACKAGE IS A PART OF THE 
KAPL COMPUTER ENVIRONMENT AND IS USEO BY MANY APPLICATIONS 
PROBLEMS, E .G. GASPAN (ACC AESTRACT 4 8 5 ) , 3CXT/0EP3 (ACC ABSTRACT 
4 7 7 ) . 

9 . STATLS - ABSTRACT FIRST CISTRIBUTED JANUARY 1 9 7 2 . 
CDC 6600 VERSION SUBMITTED AUGUST 1 9 7 1 . 

1 0 . REFERENCE - KAPL INTERNAL CALCOMP SUBROUTINES, KAPL DOCUMENT, 
MARCH 3 1 , 1 9 7 1 . 

1 1 . MACHINE REQUIREMENTS - GRLIN, L INLG, ANC LOGLN EACH REQUIRE 2000 
OCTAL LOCATIONS. 

1 2 . PROGRAMMING LANGUAGES USED - FORTRAN IV AND ASCENT 

1 3 . OPERATING SYSTEM OR MONITOR LNDER WHICH PROGRAM IS EXECUTEC -

SCOPE. 

14. ANY OTHER PROGRAMMING OR OPERATING INFCRMATION CR RESTRICTIONS -

15. NAME AND ESTABLISHMENT CF AUTHOR -
J. BROOKING 
KNOLLS ATOMIC POWER LABORATORY 
GENERAL ELECTRIC COMPANY 
BOX 1072 
SCHENECTADY, NEW YORK 12301 

1 6 . MATERIAL AVAILABLE - RESTRICTED DISTRIBUTION 
MAGNETIC TAPE TRANSMITTAL 

SOURCE CECK (3267 CARDS) 
REFERENCE REPORT 

1 7 . CATEGORY - P 
KEYWORDS - GRAPHS, DATA PROCESSING, LIBRARIES 
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1 . NAME OR D E S I G N A T I O N OF PROGRAM - R E L O I 

2 . r O M P L T E R FOR W H I C H PRCGRAM I S C E S I G N E D AND OTHERS UPON WHIOH 
I T I S OPERABLE - C D C 6 6 0 C 

3 . D E S C R I P T I O N CF PROBLEM OR F U N C T I O N - R E L C l COMPUTES THE F A I L U R E 
P R O B A B I L I T Y FOR A S I N G L E F A I L U R E MODE. TWO O P T I O N S ARE A V A I L 
ABLE - O P T I O N 1 C A L C U L A T E S THE I N T E R A C T I O N OF TWO NORMALLY D I S T R I -
RUTFO V A P I A T F S AND O P T I C N 2 CALCULATES THE I N T E R A C T I O N OF TWO 
TRUNOATEC NORMALLY D I S T R I B U T E D V A R I A T E S . 

4 . MFTHOD OF S O L U T I O N - THE F A I L U R E P R O B A B I L I T Y I S C A L C U L A T E D BY 
MEANS OF A S I M P L I F I E D MONTE CARLC T E C H N I Q U E WHICH RANDOMLY 
S E L E C T S A VALUE OF T H E A P P L I E D S T R E S S VALUE AND C A L C U L A T E S THE 
P O P B A R I L I T Y THAT THF STRENGTH I S SMALLER THAN THE S T R E S S . THE 
D E N S I T Y PF THE F A I L U R E D I S T R I B U T I O N AND THE AVERAGE F A I L U R E 
P R O B A B I L I T Y ARE CALCULATED FOR N SUCH C A L C U L A T I O N S . 

5 . R E S T R I C T I O N S ON THE C O M P L E X I T Y OF THE PROBLEM - THE NUMBER CF 
RANDOM S E L E C T I O N S OF THE A P P L I E D S T R E S S I S R E S T R I C T E D TO 2 0 0 C . 

6 . T Y P I C A L R U N N I N G T I M E - L E S S THAN 1 M I N L T E I S R E Q U I R E D . 

7 . UNUSUAL FEATURES CF T H E PRCGRAM - R E L O I CALCULATES THE I N T E R 
FERENCE OF TWP TRUNCATED NORMAL D I S T R I B U T I O N F U N C T I O N S . 

P. R E L A T E D AND A U X I L I A R Y PROGRAMS - R E L O I USES THE B E T T I S E N V I R O N M E N 
TAL R O U T I N E S (ACC ABSTRACT 4 7 8 ) . 

9 . S T A T L S - ARSTPACT F I R S T C I S T R I B U T E D JANUARY 1 9 7 2 . 
0 D 0 6 6 " 3 V E R S I O N S U B M I T T E D SEPTEMBER 1 9 7 1 . 

1 0 . R E F E R E N C E S - D . R . R A U T H , 0 . M. S M I T H , E . 0 . S T R C T H E R S , R E L O I -
A R E L I A B I L I T Y PROGRAM FOR A S I N G L E F A I L U R E M O D E , W A P O - T M - 1 0 0 9 , 
MAY 1 9 7 1 . 

C . J . P F E I F E R , C D C - 6 6 C C FCRTRAN PROGRAMMING - B E T T I S 
E N V I R O N M E N T A L R E P C R T , W A P D - T M - 6 6 e , JANUARY 1 9 6 7 . 

J . D . CHURCH ANC B . H A R R I S , THE E S T I M A T I O N OF R E L I 
A B I L I T Y FROM S T R E S S - S T R E N G T H R E L A T I O N S H I P S , T E C H N O M E T R I C S , 1 2 , P P . 

4 0 - S 4 ( 1 9 7 C ) . 
Z . G O V I N D A R A J U L U , D I S T R I B L T I O N - F R E E C C N F I C E N C E BOUNDS 

FOR P ( X L E S S THAN Y ) , A N N . I N S T . S T A T . M A T H . , 2 0 , P P . 2 2 9 - 2 3 8 

( 1 9 6 F ) . 
D . B . O W E N , K . J . O R A S W E L L , AND 0 . L . H A N S O N , 

N C N P A R A M E T R I C UPPER C O N F I D E N C E BOUNDS FOR P R ( Y L E S S THAN X) ANO 
C O N F I D E N C E L I M I T S FOR P ( Y LESS THAN X ) WHEN X ANC Y ARE N O R M A L , 
A M . S T A T . A S S O C . J . , 5 9 , P P . 9 C 6 - 9 2 4 ( 1 9 6 4 1 . 

1 1 . M A C H I N E B E C U I B E M E N T S - 1 I P K ( O C T A L ) ANC STANCARD I / O U N I T S 

1 2 . PROGRAMMING LANGUAGE USEC - FORTRAN I V 
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1 3 . OPFRATING SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -
SCCPE 3 . 1 . 

1 4 . ANY OTHER PROGRAMMING OR OPERATING INFORMATICN OR RESTRICTIONS -

1 5 . NAME AND ESTABLISHMENT CF AUTHCPS -
0 . R. RAUTH, C . M. SMITH, AND E. 0 . STRCTHERS 
BETTIS ATOMIC POWER LABORATORY 
WESTINGHOUSE ELECTRIC CORPORATION 
P. 0 . BOX 79 
PITTSBURGH, PENNSYLVANIA 15122 

1 6 . MATERIAL AVAILABLE - RESTRICTED D ISTRIBLT ION 
SOURCE DECK ( 4 6 0 CARDS) 
SAMPLE PROBLEM ( 5 CARDS ) 
REFERFNCE REPORTS, WAPD-TM-1C09 AND WAPD-TM-668 

1 7 . CATEGORY - P 
KEYWORDS - MONTE CARLO, STATISTICS, STRESSES, FAILURES 
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1 . NAME PR C E S I G N A T I P N OF PROGRAM - CONCEPT 

2 . COMPUTER FOR WHICH PROGRAM I S C E S I G N E C ANC CTHERS UPON W H I C H 
I T I S OPERABLE - I R M 3 6 0 

?. D E S C P I P T I O N OF PRORLEM OR E u ^ C T I O N - THE CCCE GENEBATES A C A P I T A L 
COST E S T I M A T E FOR A PWR NUCLEAR POWER PLANT OF S P E C I F I E D 
E L E C T R I C A L OUTPUT ( I N THE RANGE CF 3 0 0 TO 2 C 0 0 MWE) FOR ANY OF 
TWENTY U . S . C I T I E S ANO P R I N T S AS A RESULT A D E T A I L E D COST 
RREAKDOWN A C C O R D I N G TO THE CODE OF ACCOUNTS SUGGESTED I N USAEC 
REPCPT N U S - 5 3 1 . 

4 . METHOC P F S O L U T I O N - THE PROGRAM C O N T A I N S A COST MODEL FOR A 
I C O O - M W F PWR PLANT AND E X T R A P O L A T E S COSTS TO OTHER S I Z E S BY 
C O N V E N T I O N A L S C A L I N G E Q U A T I O N S . THE PROGRAM C O N T A I N S CCST I N C E X 
DATA FOR L A B O R , M A T E R I A L S , AND E Q U I P M E N T THAT ARE USED FOR 
A D J U S T I N G COSTS AT A BASE L O C A T I O N ANC T I M E TO A S P E C I F I E D 
L O C A T I O N ANO T I M E . 

5 . R E S T R I C T I O N S CN THE C O M P L F X I T Y OF THE PROBLEM - POWER L E V E L S 
OF 3PO TO 2 0 0 L MWE ARE A C C E P T A B L E . 

6 . T Y P I C A L R U N N I N G T I M E - A S I N G L E COST E S T I M A T E I S GENERATED I N 
L E S S THAN ONE M I N U T F ON THE MODEL 6 5 . 

7 . UNLSUAL FEATURES CF THE PROGRAM -

fl. R F L A T E D ANC A U X I L I A R Y PROGRAMS -

9 . S T A T L S - ARSTRACT F I R S T D I S T R I B U T E D JANUARY 1 9 7 2 . 

I R M 3 6 0 V E R S I O N S U B M I T T E D SEPTEMBER 1 9 7 1 , SAMPLE PROBLEM 
EXECUTED PY A O O . 

1 0 . R E F F R F N O F S - P . 0 . O E L O Z I E R , L . 0 . R E Y N O L D S , AND H . I . BOWERS, 
CONCEPT - C O M P U T E R I Z E D CONCEPTUAL COST E S T I M A T E S FOR S T E A M -
F L E C T R I C PPWER P L A N T S , O R N L - T M - 3 2 7 6 , COTCPER 1 9 7 1 . 

CONCEPT - A COMPUTER CPDE FOR CONCEPTUAL CCST E S T I 

MATES OF S T E A M - E L E C T F I C POWER PLANTS - STATUS R E P O R T , USAEC W A S H -

1 1 8 0 , A P R I L 1 9 7 1 . 

1 1 . MACHINE R E Q U I R E M E N T S - 16SK B Y T E S , ONE SCRATCH D I S K OR T A P E , AND 

THE STANDARD I / O U N I T S 

1 2 . PROGRAMMING LANGUAGE U S E C - FORTRAN I V ( G ) 

1 3 . C P E R A T I N G SYSTEM OR MONITOR UNDER WHICH PROGRAM I S EXECUTED -

O S / 3 6 0 . 

1 4 . ANY CTHER PROGRAMMING CR O P E R A T I N G I N F O R M A T I O N OR R E S T R I C T I O N S -
BECAUSF OF THF LARGE AMOUNT OF CATA STORED I N BLOCK D A T A , 
C O M P I L E R S W I T H L E S S THAN 1 4 0 K OF MEMORY A L L O C A T I O N CANNCT BE USED 
E A S I L Y . C O M P I L A T I O N CF THE eLCOK OATA R O U T I N E S MUST BE DONE 
U S I N G F O R T R A N G ON I B M 3 6 0 SYSTEMS U S I N G CS RELEASES I B AND 1 9 . 
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1 7 . CATEGORY - D 
KEYWORDS - ECONOMICS, POWER PLANTS, PWR REACTORS 



879 

VI. LIBRARY PROGRAMS BY P R O B L E M CLASSIFICATION 
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A . CROSS S F C T I O N AND RESONANCE I N T E G R A L C A L C U L A T I C N S 3 / 7 2 

1 4 HAFEVER HAFEVER C A L C U L A T E S THE ENERGY 
EXCHANGE I N E L A S T I C S C A T T E R I N G CROSS S E C T I O N A C C O R D I N G TO THE 
H A U S E R - F E S H B A C H THEORY M O D I F I E D TO INCLUDE THE E F F E C T OF S P I N -
O R B I T C O U P L I N G . THF CROSS S E C T I O N I S I N T E G R A T E C OVER A N G L E . 

^ 1 ZUT ZUT COMPUTES RESONANCE I N T E 
GRALS FROM RESONANCE PARAMETERS FOR A WIDE V A R I E T Y CF T E M P E R A 
T U R E S , C O M P O S I T I O N S , AND G E O M E T R I E S FOR THE RESOLVED R E S O N A N C E S . 

' •^ TUZ TUZ COMPUTES RESONANCE I N T E 
GRALS FDR A WIOF V A R I E T Y OF T E M P E R A T U R E S , C O M P O S I T I O N S , AND GEOME
T R I E S FOR THE UNRESOLVED R F S C N A N C E S . 

5 6 S U M M I T SUMMIT EVALUATES THE D I F 
F E R E N T I A L E N E R G Y - T R A N S F E R OROSS S E C T I O N FOR S C A T T E R I N G BY A C R Y S 
T A L L I N E MODERATOR, U T I L I Z I N G THE S O - G A L L E D PHONON E X P A N S I O N . THE 
S C A T T E R I N G KERNEL FCR A 1 - P H C N O N CHANGE I N ENERGY IS ACDED TO THAT 
FCR A 2 - P H O N O N ENERGY E X C H A N G E , AND SO O N . T H I S PROGRAM HAS BEEN 
USFD TO D E T E R M I N E S C A T T E R I N G M A T R I C E S FOR B E R Y L L I U M , G R A P H I T E , AND 
O X Y G E N . 

S I G M A ( E ( P ) TO E ) / S I G M A ( 0 ) = ( ( (M + l ) / M ) « * 2 ) » S Q R T ( E / E ( 0 ) ) • 1 / 2 
THE I N T E G R A L FROM - 1 TC 1 GF S I G M A ( E ( 0 ) TO E , C O S ( T H E T A I ) 
C ( C O S ( T H E T A ) ) 

WHERE E ( 0 ) ANC E ARE T H F I N I T I A L ANO F I N A L E N E R G I E S , THETA I S THE 
ANGLE OF S C A T T E R I N G , S I G M A ( O ) THE F R E E - A T O M CROSS S E C T I O N , AND M 
THE R A T I O OF THE MASS OF THE S C A T T E R I N G NUCLEUS TC THAT CF 
THE N E U T R O N . 

8 9 ARFS2 A R E S 2 I S USED TO CALCULATE 
E F F E C T I V E RESONANCE I N T E G R A L S ANC M U L T I G R O U P CROSS S E C T I O N S FOR 
LUMPS AND M I X T U R E S U S I N G RFSONANCE P A R A M E T E R S . I T C O M B I N E S I N A 
S I N G L E C O C E , THE R E S C L V E C , U N R E S C L V E C , AND 1 / V PARTS OF THE C A L C U 
L A T I O N WHICH WERE P R E V I O U S L Y I N SEPARATE C O C E S . THE M U L T I G R O U P 
CROSS S E C T I O N S ARE P R I N T E D I N A FORM FOR USE I N M U L T I G R C U P REACTCR 
C A L C U L A T I C N S . FOR E X A M P L E , THEY CAN BE I N S E R T E D I N T O THE A I M 6 
(ACC A R S T R A C T 2 9 ) OR F A I M (ACC ABSTRACT 1 2 0 ) L I B R A R I E S . THE 
ENERGY B R E A K P O I N T S ARE I N P U T DATA AND A RESONANCE PARAMETER 
L I R R A R Y I S I N C L U D E D . 

1 7 1 NEARREX NEARREX COMPUTES N E U T R O N -
I N D U C E D , AVERAGE F L U C T U A T I O N I C R COMPOUND N U C L E U S I CROSS 
S E C T I O N S . P R O V I S I O N I S MACE FOR THE C O M P U T A T I O N CF COMPOUND 
E L A S T I C AND I N E L A S T I C NEUTRON CROSS S E C T I O N S , R A D I A T I V E 
CAPTURE AND F I S S I O N CROSS S E C T I O N S , AS WELL AS CTHEB P R O C E S S E S , 
SUCH AS PROTON E M I S S I C N . IT CAN ALSO BE USEC TO COMPUTE P R O T O N -
I N D U C E D AVERAGE CROSS S E C T I C N S . 
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A. CROSS SECTION AND RESONANCE INTEGRAL CALCULATIONS 3/72 

176 RAPTURE THIS CCDE COMPUTES 
RESCNANCE INTEGRALS, AVERAGES THEM OVER RESONANCE PARAMETRIC 
DISTRIBUTIONS, AND COMPUTES FISSICN ANC CAPTURE CROSS SECTICNS 
AS A FUNCTION OF FUEL TEMPERATURE AND OF POTENTIAL SCATTERING 
CRCSS SECTICN PER ABSORBER ISOTOPE. 

177 DOPIE DOPIE WAS DEVELOPED TO STUDY 
THE EFFECTS OF -

(1) OVERLAP OF RESONANCES CF UNLIKE FUEL ISOTOPES SUCH AS 
U238 AND THE PLUTONIUM ISOTOPES, AND 

(2) THE TEMPERATURE DEPENDENCE CF THE AVERAGE FLUX CVER AN 
ENERGY INTERVAL CONTAINING RESONANCES IN THE 
CALCULATION OF THE COPPLER COEFFICIENT. 

COPIE COMPUTES FLUX-AVERAGED CROSS SECTIONS OVER A GIVEN ENERGY 
RANGE UNCER THE FOLLOWING ASSUMPTION 

(1) INTERFERENCE SCATTERING CORRECTICNS WILL BE SMALL AND CAN 
BE IGNOREC. 

(2) SCATTERED NEUTRONS ARE CISTRIBUTED UNIFORMLY OVER THE 
RANGE OF ENERGY DEGRADATION CONSTANT FOR EACH MATERIAL. 

(3) ALL RESONANCES ARE RESOLVED OR CAN BE TREATED AS 
RESOLVED. 

(4) LEAKAGE IS INSIGNIFICANT, MAKING SIGMA RIJ) = POTENTIAL 
SCATTERING. 

203 CCMBCO (40.0279) THE PROGRAM PERMITS COMPUTING 
ANO OONVOLUTING A COMBINATION CRCSS SECTION CURVE COMPOSED OF THE 
CROSS SECTION CURVES OF A SAMPLE AND UP TO FOUR CONTAMINANTS. 

208 TRIXl TRIXl CALCULATES MULTI-
GROUP, DOPPLER-BROACENED EFFECTIVE RESONANCE INTEGRALS AND 
CRCSS SECTIONS ANC THEIR TEMPERATURE GCEFFICIENTS FOR A 
HETEROGENEOUS RESONANCE ABSORBER. USING BASIC RESCNANCE 
PARAMETERS, GECMETRY AND CONCENTRATIONS, THE CODE COMBINES 
RESOLVED RESONANCE, UNRESOLVED RESCNANCE, AND 1/V AND NEGATIVE 
ENERGY RESONANCE CALCULATIONS. FISSILE ISOTOPE CALCULATION 
IS AVAILABLE. L=l UNRESOLVED RESONANCE CALCULATIONS ARE 
AVAILABLE FOR ISOTOPES OF ALL SPINS. EQUIVALENCE RELATIONSHIPS 
ARE COOED FOR CYLINDERS, SPHERES, ANO PLANES. INTERFERENCE 
BETWEEN RESCNANCE AND POTENTIAL SCATTERING AND ITS TEMPERATURE 
DEPENDENCE ARE AVAILABLE. THE NARROW-RESONANCE, INFINITE-
MASS, ANO INTERMEDIATE REPRESENTATIONS OF SCATTERINGS WITH 
ABSORBER ATOMS ARE ALL AVAILABLE. THE ISOLATED SINGLE-LEVEL 
BREIT-WIGNER LINE SHAPE IS USED. 
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A. CROSS S F C T I O N AND RESONANCE I N T E G R A L C A L C U L A T I O N S 3 / 7 2 

2 1 4 M I S H MASH THE PROGRAM COMPUTES R E S 
ONANCF I N T E G R A L S FOR I N F I N I T E HOMOGENEOUS M I X T U R E S FOR ABOVE 
THERMAL E N E R G I E S . THE MAJOR P H Y S I C A L A P P R O X I M A T I O N I S THAT 
RESONANCES ARE R E P R E S E N T E D BY THE S I N G L E - L E V E L B R E I T - W I G N E R 
F O R M U L A T I O N . I T I S ALSC ASSUMED THAT S C A T T E R I N G IS E L A S T I C AND 
THAT A N O N R F S P N A N T M A T E R I A L HAS A CONSTANT S C A T T E R I N G CRCSS 
S E C T I O N . 

2 1 5 CHAD CHAD I S D E S I G N E D TO 
F A C I L I T A T E A N A L Y S I S AND H A N D L I N G CF D I F F E R E N T I A L NEUTRON 
S C A T T E R I N G D A T A . I T PRODUCES LEGENDRE S C A T T E R I N G C O E F F I C I E N T S 
FPPM ANGULAR D I S T R I R U T I O N CATA T A B U L A T E D I N MANY D I F F E R E N T F O R 
M A T S . I T CAN TRANSFORM ANGULAR CATA I N T C LEGENCRE S C A T T E R I N G 
C O E F F I C I E N T S I N E I T H E R THE LABORATORY OR THE C E N T E R - O F - M A S S FRAME 
OF R F F E P E N C F . I T C A L C U L A T E S THE AVERAGE C O S I N E OF THE S C A T T E R 
I N G ANGLE I N THE LABORATCRY SYSTEM ANO THE AVERAGE L O G A R I T H M I C 
ENERGY DECREMENT PER E L A S T I C C O L L I S I O N . 

2 1 6 FASDPP FASOOP E V A L U A T E S P O I N T W I S E , 
T E M P F R ^ T U R F - O E P E N D E N T CROSS S E C T I O N S FROM S I N G L E - L E V E L B R E I T -
WIGNFR RESONANCE P A R A M E T E R S . 

2 1 7 L E G C 0 E F 3 / G E 0 R G E CALCULATES LEGENDRE E X P A N S I O N 
C O E F F I C I E N T S FOR THE ANGULAR D I S T R I B U T I O N OF E L A S T I C A L L Y SCATTERED 
N E U T R O N S . 

? 3 8 E X T / X O G I V E N A SET OF B R E I T - W I G N E R 
RFSONANCE PARAMETERS (ZERO TEMPEPATU RE 1* EXT CALCULATES THE 
E F F E C T I V E D O P P L E R - B R O A C E N E D CROSS S E C T I C N S FCR ANY T E M P E R A T U R E . 
THE E F F E C T I V F CROSS S E C T I O N WHEN M U L T I P L I E D BY THE TARGET D E N S I T Y 
AND THE NEUTRPN V E L O C I T Y ( L A B ) G I V E S THE R E A C T I C N RATE PER 
I N C I D E N T N E U T R O N . A M A X W E L L I A N V E L O C I T Y D I S T R I B U T I O N I S ASSUMED 
FOR THE TARGET N U C L F I . THE A N A L Y S I S I S C A R R I E D OUT FOR 
S U F F I C I E N T L Y LOW E N E R G I E S SC THAT ONLY ZERC NEUTRCN ANGULAR 
MOMENTA (L = ( I I N T E R A C T I O N S ARE I M P O R T A N T . I N T E R F E R E N C E BETWEEN 
LEVELS I S N E G L E C T E D , H C W E V E R , I N T E R F E R E N C E BETWEEN RESONANCE 
S C A T T E R I N G AND P O T E N T I A L S C A T T E R I N G I S I N C L U D E D . THERE ARE 
P R O V I S I O N S FOR A D D I N G A C O R R E C T I O N CROSS S E C T I O N OF THE FORM 
l . V S O R T ( E ) FOR L E V E L S NOT E X P L I C I T L Y C O N S I D E R E D . ALSO THE CROSS 
S F C T I O N I N THE W I N G S OF A N E G A T I V E ENERGY R E S O N A N C E , C O N S T A N T / 
( S 0 R T ( E I * ( E - E 0 ) * * 2 I MAY BE A C D E D . 
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A . CROSS S E C T I O N AND RESONANCE INTEGRAL C A L C U L A T I O N S 3 / 7 2 

2 4 7 F L A N G E l F L A N G E l COMPUTES NEUTRON 
S C A T T E R I N G KERNELS FOR A LARGE GLASS OF M O D E R A T O R S . NEUTRON SCAT
T E R I N G KERNELS ARE O B T A I N E D FROM THE S C A T T E R I N G LAW COMPUTED BY 
THE CODE G A S K E T . F L A N G E l ALLOWS THE C A L C U L A T I O N OF DOUBLE D I F 
F E R E N T I A L OROSS S E C T I C N S , ANGULAR CROSS S E C T I O N S , TOTAL CROSS 
S E C T I O N S , AND LEGFNDRE MOMENTS CF THE S C A T T E R I N G K E R N E L . THE 
SHORT C O L L I S I O N T I M E A P P R O X I M A T I O N I S USED FOR ENERGY TRANSFERS 
LARGER THAN THE MAXIMUM P R O V I D E C BY G A S K E T . 

2 5 4 2 P L U S THE 2 P L U S CODE SOLVES THE 
PROBLEM OF THE S C A T T E R I N G OF CHARGED OR UNCHARGED NUCLEONS BY A 
NUCLEUS REPRESENTED BY A DEFORMED NUCLEAR P O T E N T I A L . THE MCDEL 
ASSUMES THAT THE TARGET NUCLEUS HAS A 0 + GROUNC S T A T E AND A 2+ 
F I R S T E X C I T E D L E V E L , AND THE I N T E R A C T I O N P O T E N T I A L HAS A QUADRU-
POLE D E F O R M A T I O N . A H A U S E R - F E S H B A C H COMPOUND N U C L E U S C A L C U L A T I O N 
HAS REEN I N C L U D E D . THE CUTPUT C O N T A I N S T O T A L , P O T E N T I A L E L A S T I C , 
P O T E N T I A L I N E L A S T I C ( 2 + ) , R E A C T I O N , AND COMPOUND NUCLEUS CRCSS 
S E C T I C N S AS WELL AS E L A S T I C ANC I N E L A S T I C ANGULAR D I S T R I B U T I O N S . 

2 6 3 GASKET GASKET C A L C U L A T E S THE THERMAL 
NEUTRON S C A T T E R I N G LAW, S ( A L P H A , B E T A ) , FCR A LARGE CLASS OF 
MODERATORS. P R O V I S I O N HAS BEEN MADE I N GASKET FOR THE FOLLOWING 
DYNAMICAL MODES OF THE SCATTERER -

( 1 ) FREE T R A N S L A T I O N ( G A S ) . 
( 2 ) D I F F U S I V E OR BROWN IAN M O T I O N . 
( 3 ) HARMONIC I S O T R O P I C V I B R A T I O N S W I T H C O N T I N U O U S FREQUENCY 

SPECTRUM. 
( 4 ) HARMONIC A N I S T R O P I C V I B R A T I O N S W I T H C O N T I N U O U S FREQUENCY 

SPECTRUM ( A S A P P L I E D FCR I N S T A N C E TO G R A P H I T E ) . 
( 5 ) HARMONIC I S O T R O P I C V I B R A T I O N S W I T H D I S C R E T E FREQUENCY 

S P E C T R U M . 

2 8 9 GAKER THE GAKER CODE E V A L U A T E S THE 
I N E L A S T I C D O U B L E - D I F F E R E N T I A L NEUTRON S C A T T E R I N G CROSS S E C T I O N S 
FOR MODERATORS W I T H PHONON SPECTRA WHICH CAN BE REPRESENTED AS 
SUMS OF D E L T A - F U N C T I O N S . I T I S BASED CN THE O R I G I N A L MODEL FOR 
L I G H T WATER BY N E L K I N , WHIOH C O N S I S T E D CF A T R A N S L A T O R , A H INDERED 
ROTATOR ( T R E A T E D AS AN I S O T R O P I C O S C I L L A T O R ) . AND SEVERAL V I B R A 
T I O N A L O S C I L L A T O R S . THE COCE HAS BEEN M O D I F I E D SEVERAL T I M E S TO 
INCLUDE MORE O S C I L L A T O R S ANO TC TREAT A N I S O T R O P I C E F F E C T S . F I N A L 
E N E R G Y - I N T E G R A T E D CROSS S E C T I O N S ARE ALSO C A L C U L A T E D . 

2 9 2 PSEUCO RESCNANCE PARAMETERS ARE CON
STRUCTED FROM AVERAGE NUCLEAR P R O P E R T I E S IN THE R E S O L V E D RESONANCE 
R F G I O N . 
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A. CROSS S F C T I O N AND RESONANCE I N T E G R A L C A L C U L A T I C N S 3 / 7 2 

? o ; S T R I P CAPTURE ANC F I S S I O N RESCNANCE 
I N T E G O A L S APE C A L O U L A T E C BY A FAST METHOD IN THE R E S O L V E D R E S O 
NANCF R A N G E . T A K I N G E X P L I C I T ACCOUNT OF OVERLAP ANC I N T E R F E R E N C E 
BETWEEN RESONANCES I N A M I X T U R E OF RESONANCE A B S O R B E R S . THE 
RESONANCE I N T E G R A L S ARE C A L C U L A T E D OVER A R B I T R A R Y ENERGY B A N D S . 
O P T I O N A L L Y , THE NEUTRON F L U X AS A F U N C T I O N CF ENERGY I N CNE OR TWO 
R E G I O N S MAY EF P R I N T E D O U T . 

3 0 8 J U P I T O R K J P l ) J U P I T O R l I S USEO TC PERFORM 
C O U P L E D - C H A N N E L C A L C U L A T I O N S TO EVALUATE THE CROSS S E C T I O N S FOR 
THE S C A T T E R I N G OF NUCLEAR P A R T I C L E S BY V A R I O U S C O L L E C T I V E N U C L E I I . 

3 2 3 M U F F L E T H I S PROGRAM COMPUTES THE 
NFUTRON CROSS S E C T I O N S FOR A F I S S I L E N U C L I D E I N WHICH ONE TC THREE 
R E A C T I O N CHANNELS ARE CPEN FCR THE F I S S I O N P R O C E S S . P R O V I S I O N I S 
MADE FPR TWO I N D E P E N D E N T S P I N S T A T E S W I T H I N T E R F E R I N G L E V E L S AS 
WELL AS A SET OF N O N - I N T E R F E R I N G L E V E L S . THE CROSS S E C T I O N S ARE 
I N T E G R A T E D OVER A S P E C I F I E C GROUP STRUCTURE TO Y I E L D RESONANCE 
I N T E G R A L S . 

3 3 4 PFGGY PEGGY I S A L E A S T SQUARES 
SEARCH PROGRAM W H I C H A N A L Y Z E S , I N TERMS OF PHASE S H I F T S , THE E L A S 
T I C S C A T T E R I N G OF S P I N ZERC ANC S P I N O N E - H A L F P A R T I C L E S BY S P I N 
ZERO N U C L F I . REAL CR COMPLEX PHASE S H I F T S MAY BE USED W I T H OR 
W I T H C U T S P I N - O R B I T C O U P L I N G . D I F F E R E N T I A L CROSS S E C T I O N AND 
P O L A R I Z A T I O N ANGULAR D I S T R I B U T I O N S MAY BE A N A L Y Z E D E I T H E R S E P A 
RATELY OR S I M U L T A N E O U S L Y . 

% 

3 3 5 RAMES RAMES COMPUTES BCTH LOCAL AND 
NONLOCAL R A D I A L I N T E G R A L S OF A V A R I E T Y OF R A D I A L OPERATORS U S I N G 
S I N G L E - P A R T I C L E WAVE F U N C T I O N S WHICH ARE E I G E N S T A T E S OF M O T I O N I N 
A WOODS-SAXON P O T E N T I A L W E L L . THE OPERATORS CURRENTLY A V A I L A B L E 
ARE R * * N , N = 0 , 1 , 2 , 3 , 4 , 5 AND THE D E R I V A T I V E W I T H R E S P E C T TO X OF 
1 / ( E X P ( X ) + 1 ) WHERE X = ( R - R ( 0 ) ) / A ( C ) . 

3 4 1 GANDY T H E GANDY CODE EVALUATES T E M 
P E R A T U R E - D E P E N D E N T E F F E C T I V E NEUTRON C A P T U R E , F I S S I O N , AND S C A T 
T E R I N G CROSS S E C T I O N S IN T H E UNRESOLVED RESONANCE R E G I O N FROM 
AVERAGE RESONANCE P A R A M E T E R S . 
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A . CRCSS S E C T I O N AND RESONANCE INTEGRAL C A L C U L A T I O N S 3 / 7 2 

3 4 7 C O D I L L I A L E A S T SQUARES A N A L Y S I S OF 
NFUTRON RESCNANCE DATA IS PERFORMED U S I N G THE M U L T I - L E V E L E X P A N 
S I O N . THE PROGRAM CAN HANDLE CNLY CNE SET CF CROSS S E C T I O N S AT A 
T I M E . O P T I O N S ARE P R O V I C E D FOR THE A N A L Y S I S OF R E A C T I O N CR TOTAL 
CROSS S E C T I C N OATA, AND FOR THE D I R E C T H A N C L I N G OF T R A N S M I S S I O N 
O A T A . BY O P T I O N , ONE CAN I N C L U D E THE M U L T I - L E V E L I N T E R F E R E N C E 
CR PERFORM THE F I T I N TERMS OF S U P E R I M P O S E D SYMMETR I C B R E I T - W I G N E R 
L I N E S , WHILE THE P O T E N T I A L S C A T T E R I N G I N T E R F E R E N C E IS ALWAYS 
I N C L U D E D IN THE T R I A L F U N C T I O N FCR THE TOTAL CPCSS S E C T I O N . PRO
V I S I O N S ARE G I V E N FCR G A U S S I A N AND N O N - G A U S S I A N R E S O L U T I O N F U N C 
T I O N S . I N THE LATTER C A S E , M O D I F I C A T I O N OF ONE S U B R O U T I N E ALLOWS 
FOR A D A P T A T I O N TO ANY K I N O OF E X P E R I M E N T A L C O N D I T I O N S . THE R E L E 
VANT C O N V O L U T I O N I N T E G R A L S I N V O L V I N G THE T R I A L F U N C T I O N ARE E V A L U 
ATED BY S I M P S O N I N T E G R A T I O N WITH AN O P T I O N A L NUMBER OF I N T E G R A T I O N 
S T E P S . B E S I D E S THE RESONANCES TO BE F I T T E D , THE T R I A L F U N C T I O N 
C O N T A I N S AN O P T I O N A L NUMBER OF RESONANCES H A V I N G KNOWN PARAMETERS, 
WHICH MAY REPRESENT RESONANCES EXTERNAL TC THE R E G I C N B E I N G F I T T E D 
AS WELL AS RESONANCES W I T H I N THE ENERGY I N T E R V A L OF I N T E R E S T , THUS 
P E R M I T T I N G I M P U R I T Y E F F E C T S TC BE D E S C R I B E D , O R , I F N E E D E D , S P I N 
STATES S E P A R A T E D . 

3 5 9 P U N l P L N l EVALUATES U N R E S C L V E C 
R A D I A T I V E CAPTURE I N T E G R A L S AND R E L A T E D M U L T I G R O U P CROSS S E C T I O N S . 
THE UNRESOLVED D I S T R I B U T I O N S MAY HAVE V A R I O U S O R B I T A L ANGULAR 
MOMENTUM QUANTUM NUMBERS ANO THE E F F E C T S OF DOPPLER BROADENING 
AND S E L F - S H I E L D I N G ARE I N C L U C E C . 

3 6 0 TOR THE TOR PORGRAM C A L C U L A T E S 
THE S C A T T E R I N G LAW FCR A C R Y S T A L L I N E M A T E R I A L I N THE INCOHERENT 
A P P R O X I M A T I O N , FROM THE PHONON FREQUENCY D I S T R I B U T I O N ANC A S P E 
C I F I E D T E M P E R A T U R E . A PROPORTIONAL Q U A N T I T Y I S PUNCHED I N THE 
FORM OE A TABLE FOR I N T E R P O L A T I O N CF THE DOUBLE D I F F E R E N T I A L CROSS 
S E C T I O N . AS AN A L T E R N A T I V E , THE PROGRAM O B T A I N S THE ANALOGOUS 
Q U A N T I T I E S FOR A MONATCMIC G A S . 

3 6 8 F L A N G E 2 , F L A N G 2 / S 0 F L A N G E 2 TAKES CROSS S E C T I O N S , 
ANGULAR D I S T R I B U T I O N , RESONANCE PARAMETER, AND S C A T T E R I N G LAW DATA 
FROM E N D F / B DATA T A P E S AND PREPARES THERMAL M U L T I G R O U P CRCSS S E C 
T I C N S AND S C A T T E R I N G M A T R I C E S . F L A N G 2 / S C I N C L U C E S THE SHORT C O L 
L I S I O N T I M E A P P R O X I M A T I O N FOR ENERGY TRANSFERS ABOVE T H E MAXIMUM 
BETA I N THE S C A T T E R I N G KERNEL ON THE E N O F / B T A P E . 

3 7 6 AVERAGE AVERAGE C A L C U L A T E S AVERAGE 
S C A T T E R I N G , C A P T U R E , AND F I S S I O N CROSS S E C T I O N S FROM S - AND P-WAVE 
DATA OF THE UNRESOLVED PARAMETERS CF F I L E 2 OF E N C F / B . 
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3 7 7 S I G P L O T S I G P L O T C A L C U L A T E S THE S C A T 
T E R I N G , C A P T U R E , F I S S I C N , ANC TOTAL CROSS S E C T I O N S FROM RESONANCE 
P A R A M E T E R S OF V E R S I O N I CATA FROM F I L E 2 OF E N C F / B . S C A T T E R I N G 
CROSS S E C T I O N S MAY PE C A L C U L A T E D W I T H OR W I T H O U T L E V E L - L E V E L 
I N T E R F E R E N C E . P R O V I S I O N I S ALSC MADE TO N U M E R I C A L L Y D O P P L E R -
BROACEN ANY OF THE CROSS S E C T I C N S . 

3 8 1 L Y N N E L Y N N PERFORMS A M U L T I P O L E 
E X P A N S I O N OF THE WOOCS-SAXON P O T E N T I A L . THE NUMBERS GENERATED ARE 
S U I T A B L E FOR M I C R C S C O P I C C A L C U L A T I O N S OF I N E L A S T I C S C A T T E R I N G FROM 
N U C L F I W H I C H USE A WOODS-SAXON I N T E R A C T I O N BETWEEN THE P R O J E C T I L E 
ANO THE TARGET N U C L E O N S . 

3 8 5 C 0 H 8 E / P B E P THE PBOGRAMS, PREP AND COHBE 
C A L C U L A T E THE COHERENT C N E - P H C N C N S C A T T E R I N G LAW FCR P O L Y C R Y S T A L 
L I N E B E R Y L L I U M , U S I N G AN I S O T R C P I O OEBYE-WALLER FACTOR AS AN 
A P P R O X I M A T I O N FOR B E R Y L L I U M . THE C E B Y E - W A L L E R FACTOR W I S C O N 
S I S T E N T W I T H THE D E F I N I T I O N E X P » * ( - 2 * W * A L P H A I I N THE S C A T T E R I N G 
L A W . 

3 9 9 S U M 0 R ( M 0 2 7 1 I SLMOR C A L C U L A T E S S-WAVE N E U 
TRCN CROSS S E C T I O N S AT S E L E C T E D E N E R G I E S . THE CROSS S E C T I O N S ARE 
C A L C U L A T E D I N THREE A P P R O X I M A T I O N S TC R - M A T R I X THEORY - THE R E I C H 
AND MOORE A P P R O X I M A T I O N , THE F E S H B A C H , P O R T E R , AND W E I S S K C P F 
A P P R O X I M A T I O N , AND THE SUMS OF S I N G L E - L E V E L FORMULAE A P P R O X I M A 
T I O N . THESE C A L C U L A T E D CROSS S E C T I O N S OR, A L T E R N A T I V E L Y , I N P U T 
L I S T S OF OROSS S E C T I O N S , ARE DOPPLER BROADENED U S I N G EXACT C A L C U 
L A T I O N FOR TARGET N U C L E I I N M A X W E L L I A N M C T I O N . C A L C U L A T E D CBOSS 
S E C T I P N S OR CROSS S E C T I O N S D I V I D E D BY ^EUTRON ENERGY CAN BE I N T E 
GRATED RETWEEN A R B I T R A R Y ENERGY L I M I T S . 

4 1 0 T A C A S I T A C A S I I S USED TC D E T E R M I N E 
THE PARAMETERS OF A S I N G L E NEUTRCN R E S O N A N C E . THE CODE A C C E P T S 
MEASURED V A L U E S OF CAPTURE A R E A S , S E L F - I N D I C A T I O N A R E A S , S E L F -
I N D I C A T I C N R A T I O S ANC T R A N S M I S S I O N AREAS AND T H E I R A S S O C I A T E D 
U N C E R T A I N T I E S I N ANY C O M B I N A T I O N AND D E T E R M I N E S BEST E S T I M A T E S OF 
THE NEUTRON ANC R A D I A T I O N W I D T H S AND T H E I R STANDARD D E V I A T I O N S . 

4 1 7 A T H E N A 4 ATHENA4 COMPUTES FCRM FACTORS 
FOR I N E L A S T I C S C A T T E R I N G C A L C U L A T I O N S , U S I N G S I N G L E - P A R T I C L E WAVE 
F U N C T I O N S THAT ARE E I G E N S T A T E S OF M C T I O N I N E I T H E R A WOODS-SAXON 
P O T E N T I A L WELL OR A HARMONIC O S C I L L A T O R W E L L . TWO-BODY FORCES CF 
G A U S S , C O U L O M B , YUKAWA, ANC A SUM OF C U T - O F F YUKAWA R A D I A L D E P E N 
DENCES ARE A V A I L A B L E . 
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4 6 5 A V R A G E 3 / A V R A G E 4 / S I G M A 2 / A C L E R AVBAGE3 CALCULATES AVERAGE 
DATA OF THE UNRESOLVED PARAMETERS OF F I L E 2 OF E N D F / B V E R S I O N I I 
D A T A . 

AVRAGE4 C A L C U L A T E S AVERAGE S C A T T E R I N G , C A P T U R E , ANC F I S S I O N 
CROSS S E C T I O N S FROM S - , P - , AND 0 -WAVE DATA OF THE UNRESOLVED 
PARAMETERS OF F I L E 2 OF E N C F / B V E R S I O N I I D A T A . 

S I G M A 2 C A L C U L A T E S THE S C A T T E R I N G , C A P T U R E , F I S S I C N , ANC 
TOTAL CRCSS S E C T I O N S FROM RESOLVED RESONANCE PARAMETER DATA OF 
F I L E 2 OF E N D F / 3 V E R S I O N I I C A T A . S C A T T E R I N G CROSS S E C T I O N S MAY 
BE CALCULATED W I T H OR W I T H O U T L E V E L - L E V E L I N T E R F E R E N C E . P R O V I S I O N 
I S ALSO MADE TO N U M E R I C A L L Y COPPLER-BROACEN ANY OF THE CROSS S E C 
T I O N S . 

ADLER C A L C U L A T E S T O T A L , CAPTURE AND F I S S I O N CRCSS S E C T I C N S 
FROM THE CORRESPONDING A D L E R - A D L E R PARAMETERS I N THE E N O F / B F I L E 2 
V E R S I O N I I DATA AND ALSO D O P F L E R - B R C A D E N S CRCSS S E C T I O N S . 

4 7 0 GRAMP GRAMP RANCCMLY GENERATES 
R E I C H AND MOORE PARAMETERS FOR M U L T I L E V E L UNRESOLVED RESONANCES OF 
F I S S I L E I S O T O P E S . 

4 3 2 COMNUC/CASCADE COMNUC C A L C U L A T E S NEUTRON R E 
A C T I O N CROSS S E C T I O N S U S I N G A S T A T I S T I C A L MODEL FOR DECAY GF THE 
COMPOUND N U C L E U S . C O M P E T I N G R E A C T I O N TYPES P E R M I T T E D ARE E L A S T I C , 
O I S C R E T F AND CONTINUUM I N E L A S T I C , GAMMA RAY E M I S S I O N , C A P T U R E , 
F I S S I O N , AND N , 2 N . 

CASCACE SOLVES THE INTRANUCLEAR GAMMA RAY CASCADE E Q U A T I O N TO 
D E T E R M I N E SECCNDARY P A R T I C L E E M I S S I C N P R O B A B I L I T I E S . C O M P E T I N G 
PROCESSES C O N S I D E R E D ARE GAMMA RAY E M I S S I O N , NEUTRCN E M I S S I C N AND 
F I S S I O N . 

4 9 2 RAMPl R A M P l C A L C U L A T E S S C A T T E R I N G , 
C A P T U R E , F I S S I C N AND TOTAL CROSS S E C T I C N S FROM R E I C H - M O O R E 
RESOLVED RESONANCE P A R A M E T E R S . THE RESONANCE PARAMETERS ARE 
ASSUMED TO BE I N E N D F / B V E R S I O N I I DATA F O R M A T . CROSS S E C T I O N S 
MAY BE DOPPLER BROADENED I F SC C E S I R E C . 
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3 3 G A M l / R E P / U P D A T E T H I S PROGRAM COMPUTES THE 
SLOWING-OOWN SPECTRUM I N F I T H E R THE P I OR THE B l A P P R O X I M A T I O N 
U S I N G 6 8 GROUPS OF NEUTRONS W I T H A CONSTANT GRCUP W I C T H C U = 0 . 2 5 , 
M U L T I G R O U P C O N S T A N T S ARF C A L C U L A T E D FOR UP TO 3 2 F A S T G R O U P S . 

5 0 T E M P F S T 2 T E M P E S T 2 I S A NEUTRON T H E R 
M A L I Z A T I O N PRPGRAM BASED UPON THE W I G N E R - W I L K I N S A P P R O X I M A T I O N FOR 
L I G H T MODERATORS AND THE W I L K I N S APPRCX IMAT I C N FOR HEAVY MODERA
T O R S . A M A X W E L L I A N D I S T R I B U T I O N MAY ALSO PE U S E D . THE MCDEL USEO 
MAY PE S E L E C T E D AS A F U N C T I C N OF E N E R G Y . THE SECOND-ORDER 
D I F F E R E N T I A L E Q U A T I O N S ARE I N T E G R A T E D D I R E C T L Y RATHER THAN T R A N S 
FORMED TO THE R I C C A T I E Q U A T I O N . THE PROGRAM P R O V I D E S M I C R O S C O P I C 
AND MACROSCOPIC CROSS S E C T I C N AVERAGES OVER THE THERMAL NEUTRON 
S P E C T R U M . 

5 1 FORM T H E FORM, CR F O R T R A N - M U F T , 
PROGRAM I S A F O U R I E R TRANSFORM S L O w I N G - O C W N C O D E . A L I B R A R Y TAPE 
O C N T A I N I N G 5 4 - G R O U P M I C R O S C O P I C CROSS S E C T I O N S , RESONANCE P A R A M E 
T E R S , I N F L A S T I C S C A T T E R I N G M A T R I C E S , ANC SOURCE SPECTRA I S USED TO 
GENERATE A S 4 - G R 0 U P FLUX SPECTRUM AND FEW-GROUP C O N S T A N T S . 

5 2 S A I L THE MONOENERGETIC NEUTRON 
TRANSPORT E Q U A T I O N I S SOLVED U S I N G THE D I S C R E T E SN METHCO FOR A 
C N E - O I M F N S I O N A L PLANE C E L L . CELL P R O P E R T I E S ARE C O M P U T E D . 

5 3 S4 C Y L I N D R I C A L GEOMETRY CELL 0 T H I S PROGRAM SOLVES THE O N E -
D I M E N S I O N A L M O N O E N E R G E T I C BOLTZMANN EQL^ATICN I N C Y L I N D R I C A L G E O 
M E T R Y , U S I N G THE S4 A P P R O X I M A T I O N . I N A D D I T I O N TO THE FLUX D I S 
T R I B U T I O N , C E L L - A V E R A G E D PARAMETERS ARE C O M P U T E D . 

1 0 8 BAM BAM COMPUTES THERMAL C O N 
S T A N T S , S P A T I A L AND ENERGY D I S T R I B U T I O N S I N HETEROGENEOUS C Y L I N 
DRICAL C E L L S BY A S S U M I N G S E P A R A B I L I T Y OF SPACE ANO ENERGY I N THE 
BOLTZMANN E Q U A T I O N . 

1 1 3 ^OT ZOT TAKES M U L T I G R O U P NEUTRON 
CROSS S E C T I O N SETS I N THE SN FORMAT ( S N G , D S N , E T C . ) ANC REDUCES 
THE NUMBER OF GROUPS ( C O L L A P S E S ) ACCORDING TO A G I V E N OR COMPUTED 
M U L T I G R O U P FLUX S P E C T R U M . AVERAGE V E L O C I T I E S FOR THE FEW-GROUP 
SFT MAY BE G E N E R A T E D ON THE B A S I S CF THE FLUXES ANC VOLUMES FOR A 
G I V E N REACTOR C O N F I G U R A T I O N . 
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119 QUICKIE QUICKIE SOLVES THE NEUTRON 
SLOWING DOWN ANO THERMALIZATICN PROBLEM IN INFINITE MEDIA BY IN
VERTING A SET OF SIMULTANEOUS MULTIGROUP EQUATIONS. THE CODE USES 
THE ULCER (ACC ABSTRACT 118) LIBRARY TAPE ANC IS IN EXCELLENT 
AGREEMENT WITH ULCER FOR THOSE CASES WHERE BUCKLING IS KNOWN. 

147 AILMOE AILMOE IS A MCCIFIEO FCRM CF 
THE ANL ELMOE PROGRAM. THE FOURIER TRANSFORM OF THE FAST NEUTRON 
FLUX IS FOUND FOR A MIXTURE CF MODERATORS HEAVIER THAN HYDROGEN 
WITH THE MODERATOR SCATTERING LAW RIGOROUSLY ACCOUNTEC FOR. 

149 TYCHF3 TYCHE3 IS A MCNTE CARLO 
CCCE DESIGNED TO FIND THE SECOND, FOURTH AND SIXTH MOMENTS CF THE 
NEUTRON SLOWING DOWN DENSITY CISTRIBUTION IN AN INFINITE HOMOGE
NEOUS MEDIUM. NEUTRON WEIGHTS ARE USED TC AVOIC THE TERMINATION 
OF A HISTORY BY ABSORPTION AND MINIMIZE THE RUNNING TIME. PROVI
SIONS ARE MADE FOR RESTART OF NON-CONVERGED PROBLEMS, GRAPHICAL 
DISPLAYS OF THE MOMENTS AND AVERAGE FISSION ENERGY AS A FUNCTION 
CF THE NUMBER OF SETS OF HISTORIES ANC CALCULATION OF THE 
CORRECTION TO FLUX MOMENTS. 

150 DANCOFF JR. THIS CODE EVALUATES MODERATOR 
SPACE CHORD DISTRIBUTION FUNCTIONS OF ZEROTH AND FIRST ORDER, PLUS 
THEIR LINEAR, SQUARE, LCGARITHMIG ANC EXPONENTIAL MOMENTS, FOR 
REGULAR AND IRREGULAR LATTICES CF CYLINCRICAL FUEL RODS CLAC WITH 
MATERIAL CF NEGLIGIBLE TOTAL CROSS SECTION. OF PARTICULAR SIGNI
FICANCE FCR REACTCR CESIGN CALCULATIONS IS THE EXPONENTIAL MOMENT, 
OR DANCOFF CORRECTION, WHICH CAN BE CALCULATED EXACTLY IN INFINITE 
SQUARE AND HEXAGONAL LATTICES, IN CLUMPED SQUARE LATTICES WITH 
STRAIGHT OR CRUCIFORM WATER GAPS, OR IN CLUSTERS OF TWO, THREE, 
SEVEN, AND NINETEEN FUEL RODS. 

160 SOPHIST SOPHISTl CALCULATES TEMPERA
TURE-DEPENDENT MULTIGROUP ENERGY TRANSFER COEFFICIENTS FOR A 
MAXWELL GAS MODERATOR WITH ELASTIC, ISOTROPIC SCATTERING IN THE 
GENTER OF MASS SYSTEM. S0PHIST2 CALCULATES TEMPERATURE-DEPENC-
ENT MULTIGROUP CROSS SECTIONS FOR A MAXWELL GAS. SOPHISTS 
CALCULATES MULTIGROUP ENERGY TRANSFER MATRICES FOR ANISOTROPIC 
ELASTIC SCATTERING. 
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1 6 2 GRAVE GRAVE IS THE PROGRAM TO FORM 
GROUP-AVER AGED CROSS S E C T I O N S U S I N G THE NEUTRON CROSS S E C T I C N 
MASTER T A P E CEVELOPEC UNDER THE A T O M I C S I N T E R N A T I O N A L AUTOMATED 
CROSS S E C T I O N PROGRAM. N I N E T E E N G R O U P - A V E R A G E D PARAMETERS ARE 
O R T A I N A R L E AS FOLLOWS - S IGMA T , S IGMA E L , SIGMA N , SIGMA F , 
NURAR, M U B A P , X I P A R , S I G M A I N , S I G M A N - A L P H A , SIGMA N - P , SIGMA 
N - 2 N , S IGMA A , S IGMA T R , S IGMA N C N - E L , A L P H A B A R , X I * S I G M A E L , N U * 
S IGMA F , M U B A R * S I G M A E L , AND SIGMA R . 
THE SPFCTRUM I S CCNSTRUCTEC FRCM A C O M P I N A T I O N OF F I S S I O N , E * * - N , 
POWER S E R I F S , M A X W E L L I A N OR I N P U T S P E C T R A . 

1 7 8 SPARTA SPARTA COMPUTES S P A T I A L L Y -
AVERAGED DOPPLER C O E F F I C I E N T S AND SPAT I A L L Y - A V E R A G E O DOPPLER 
R E A C T I V I T Y C H A N G E S . 

1 8 4 ANL T H E R M O S / B R T l ANL THERMOS AND B R T l , 
L I K E THE O R I G I N A L THERMOS COCE DEVELOPEC BY H . HONECK OF 
BROOKHAVEN N A T I O N A L L A B O R A T O R Y , COMPUTE THE SCALAR THERMAL NEUTRCN 
SPECTRUM AS A F U N C T I C N OF P O S I T I O N I N A L A T T I C E BY S O L V I N G THE 
I N T F G R A L TRANSPORT E Q U A T I O N W I T H I S O T R C P I O S C A T T E R I N G . O N E -
D I M E N S I C N A L SLAB OR C Y L I N D R I C A L GEOMETRY MAY BE U S E D . AS OUTPUT 
THE CCDF S U P P L I E S F L L X - A V E R A G E C VALUES CF SIGMA A, S IGMA F , NU 
SIGMA F , S IGMA S , AND 0 FOR THE C E L L C O M P O S I T I O N ANC THE VALUES OF 
S IGMA A, S I G M A F , NU S I G M A F , S IGMA S , ANO SIGMA TR FOR THE 
I S O T O P I C C O N S T I T U E N T S . 

1 8 5 G A M T F 0 2 GAMTEC2 GENERATES M U L T I G R O U P 
C O N S T A N T S I N THE ENERGY RANGE FROM 0 TC \0 MEV FOR E I T H E R 
HOMOGENEOUS M I X T U R E S OR HETEROGENEOUS ARRAYS C O N S I S T I N G OF 
C Y L I N D E R I Z E O L A T T I C E C E L L S . THE THERMAL GROUP CONSTANTS ARE 
AVERAGED OVER E I T H E R ( 1 ) W I G N E R - W I L K I N S L I G H T MODERATOR S P E C T R U M , 
( ? ) W I L K I N S HEAVY MCCEPATOB S P E C T R U M , OR ( 3 1 A M A X W E L L I A N 
D I S T R I B U T I O N . FOR HETEROGENEOUS ARRAYS THE S P A T I A L THERMAL FLUX 
I S C A L C U L A T E D RY A M O N O E N E R G E T I C P3 A P P R O X I M A T I O N . FOR 
e p i T H F R M A L E N E R G I E S , THE S L C W I N G - D O W N C I S T R I B U T I O N IS D E S C R I B E D BY 
E I T H E R A B l OR P I A P P R O X I M A T I O N TO THE BOLTZMANN E Q U A T I O N . 
RFSONANCE A B S O R P T I O N AND F I S S I O N ARE TREATED BY THE A O L E R - N O R D H E I M 
MFTHCD. AN I M P R O V E D METHOD OVER THAT I N G A M - I FOR AVERAGING THE 
RESONANCE A B S O R P T I O N C O N T R I B L T I O N TO THE M U L T I G R C U P CONSTANTS I S 
I N C L U D E D . FUEL L U M P I N G E F F E C T S ON THE FAST F I S S I O N OF U 2 3 8 AND 
T H 2 3 2 ARE TREATED BY AN N - F L I G H T C C L L I S I C N P R O B A B I L I T Y T E C H N I Q U E . 
GROUP C O N S T A N T S ARE PUNCHED ON CARDS I N HFN ( D I F F U S I O N CODE) ANO 
OTF ( S N TRANSPORT C C D E ) F O R M A T S . 
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195 FORTRAN FMC-N/FMC-G THE FLEXIRLE MCNTE CARLO 
PROGRAMS FMC-N AND FMC-G WERE ORIGINALLY WRITTEN IN ASSEMBLY 
LANGUAGE FOR THE IBM704 BY GE-ANF. THESE PRCGRAMS HAVE BEEN 
CONVERTED TO FORTRAN FOR THE CDC1604B BY PRATT ANC WHITNEY. THE 
PROGRAMS APPLY MONTE CARLO METHOCS TO SIMULATE NEUTRON AND GAMMA 
RAY LIFE H ISTORIES, RESPECTIVELY, IN A SOURCE-SHIELC CON
FIGURATION. AS THE NAMES IMPLY, THE COOES ARE DESIGNED FOR 
F L E X I B I L I T Y IN THE GEOMETRICAL, MATERIAL, NUCLEAR, ANO SOURCE 
DESCRIPTIONS OF SOURCE-SHIELD CONFIGURATIONS AND VARIANCE 
REDUCTION TECHNIQUES. 

201 EPITHERMOS THE EPITHERMOS COOE IS A 
HCDIFICATICN OF THE THERMOS THERMAL TRANSPORT THEORY CODE OF 
HONECK. THE ESSENTIAL DIFFERENCE BETWEEN THE CODES IS IN THE 
LIBRARY PREPARATION SUBROUTINE BASK. THE EPITHERMOS CODE IS 
DESIGNED TC COMPUTE THE NEUTRCN DENSITY ABOVE 0 . 7 8 4 9 EV, THE 
MAXIMUM ENERGY OF THE USUAL THERMOS CALCULATION. EPITHERMOS 
COMPUTES THE SCALAR NEUTRON DENSITY AS A FUNCTION OF POSITION AND 
SPEED IN A ONE-DIMENSICNAL SLAB OR CYLINCRICAL SYSTEM. THE 
SCATTERING MODEL IS ARBITRARY IN THE THERMAL RANGE AND THE 
B U I L T - I N FREE GAS MOCEL IS USEC IN THE EPITHERMAL RANGE. 

202 MCS THE MCS CODE DETERMINES THE 
SPATIAL DISTRIBUTION CF SOME NUCLEAR REACTION FOR A GIVEN NEUTRON 
SOURCE IN A GIVEN CONFIGURATION CF MATERIALS. THE MONTE CARLC 
ESTIMATE CF THE SOLUTICN CONSISTS OF PICKING A SAMPLE OF NEUTRONS 
FROM THE GIVEN SOURCE AND FOLLOWING EACH NEUTRON THROUGH A 
SEQUENCE OF SURFACE CROSSINGS AND COLLISIONS UNTIL THE NEUTRON 
EITHER ESCAPES OR IS NC LONGER OF INTEREST TO THE SOLUTION. THE 
DESIRED FLUX OR COLLISION DENSITY IS ACCUMULATED FOR EVERY NEUTRON 
OF THE SAMPLE, AND THE SAMPLE SIZE INCREASED UNTIL RESULTS CF 
SUFFICIFNT STATISTICAL SIGNIFICANCE ARE CETAINEC. 
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7 0 4 AGN-GAM AGN-GAM C A L C U L A T E S THE 
SUBGROUP F L U X E S AND CURRENT TERMS FROM A S C L U T I C N OF THE P I 
CR E l E Q U A T I O N S . T H E P I E O U A T I O N S INCORPORATE BOTH VOLUME 
AND SURFACE S O U R C E S , A L L C W I N G S P E C T R A L C A L C U L A T I O N S I N 
REFLECTOR R E G I O N S . OTHER SPECTRAL O P T I O N S ARE F L L X KNOWN, 
CURRENT TERM C A L O U L A T E C ANC POTH FLUX ANC CURRENT TERMS KNOWN. 
THE AGE FOR THE M A T E R I A L I S O B T A I N E D FPOM A SECONC MOMENTS 
C A L C U L A T I O N . T H E 7 5 SUBGROUPS USED I N THE C A L C U L A T I O N S 
ARE E S T A B L I S H E D AS QUARTER LETHARGY GROUPS FROM 10 MEV TO 
' 1 . 0 7 E V . E L A S T I C S C A T T E R I N G M A T R I C E S M A I N T A I N THE E N E R G Y -
ANGLE C O R R E L A T I O N BY I N C L U D I N G BOTH PO AND P I T E R M S . I S O T R O P I C 
S C A T T E R I N G M A T R I C E S ARE I N C L U D E D FCR I N E L A S T I C ANC ( N , 2 N ) 
P R P C E S S F S . THF METHOD OF A D L E R , H I N M A N AND N C P C H E I M I S USEC 
TO C A L C U L A T E RESCNANCE A B S O R P T I O N ANC F I S S I O N CROSS S E C T I O N S . 
M U L T I G R O U P C O N S T A N T S ARE G E N E R A T E D BY SPECTRAL A V E R A G I N G 
CVER THE S U B G R O U P S . 

2 1 3 R I F F R A F F R I F F RAFF COMPUTES RESCNANCE 
I N T E G R A L S FCR ABSORBERS I N A RCC I N A T W O - R E G I O N C I R C U L A R I Z E D 

C E L L FOR ABOVE THERMAL E N E R G I E S . THE FLUX D I S T R I B U T I O N I N THE 
CELL I S ALSO COMPUTEC ANC CAN BE P R I N T E D . THE METHOD CF S O L U T I O N 
I S BASED UPON THE F O L L C W I N G ASSUMPTIONS - I S O T R O P I C S C A T T E R I N G I N 
THE LABORATORY S Y S T F M , CONSTANT TOTAL CRCSS S E C T I C N I N THE 
MODERATOR ANC I S O T R O P I C NEUTRON F L U X E S E N T E R I N G AND L E A V I N G THE 
R O D . 

2 1 9 CAROL CAROL COMPUTES E F F E C T I V E 
GROUP CROSS S E C T I O N S FOR THE RESOLVED RESONANCES CF A M I X T U R E CF 
I S O T C P E S I N A T W O - R E G I O N C E L L . B A S I C CROSS S E C T I O N S I N C L U D E 
TEMPERATURE D E P E N D E N C E . THE PROGRAM AL"LCWS A C H O I C E OF G E O M E T R I E S 
AND CAN ACCFPT AN A R B I T R A R Y TABLE OF ESCAPE P R O B A B I L I T I E S . A 
DANCOFF C O R R E C T I O N MAY BE USEC TO ACCOUNT FOR SHADOWING E F F E C T S I N 
A T I G H T L A T T I C E , ANO CRCSS S E C T I C N S MAY BE 1 / V , C O N S T A N T , C O M P U T 
ED FROM B R E I T - W I G N E R RESONANCE P A R A M E T E R S , OR G I V E N I N TABULAR 
F C R M . THE MESH MAY BE CHOSEN AT EQUAL ENERGY OR LETHARGY 
I N T E R V A L S , P R O P O R T I O N A L TO THE NEUTRON V E L O C I T Y , CR AS AN A R B I T R A R 
T A B L E OF V A L U E S . 

2 3 5 GAMMA-P ( N M P 4 6 8 ) CRCSS S E C T I O N S FCR THE P R O -
C U C T I C N CF GAMMA RAYS BY NEUTRCN R A C I A T I V E C A P T U R E , BY NEUTRON 
I N E L A S T I C S C A T T E R I N G , ANC BY N E U T R C N - I N C U C E D F I S S I O N I N G ARE C O M 
PUTEC AS A F U N C T I O N OF NEUTRON LETHARGY GROUPS ANO PHCTON ENERGY 
G R C U P S . 
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2 3 7 BOUNCF BOUNCE D E T E R M I N E S THE 
ONE-GROUP THERMAL NEUTRON FLUX D I S T R I B U T I O N W I T H I N THE P I N BUNDLE 
CF A M U L T I P L E - P I N FUEL E L E M E N T . ALL S C A T T E R I N G W I T H I N THE P I N S IS 
CONSIDERED TO BE I S O T R O P I C . ELEMENTS W I T H 6 , 7 , 1 2 , 1 3 , 1 8 , AND 
1 9 FUEL P I N S , WHERE EACH P I N I S COMPOSED OF A CENTRAL FUEL PELLET 
SURROUNDED BY A C L A D D I N G M A T E R I A L , MAY BE T R E A T E D . T H E CCCLANT 
REGION AROUND THE P I N S I S ASSUMED TO C O N T A I N A V O I D . 

2 4 3 AGN-S IGMA A G N - S I G M A C A L C U L A T E S THE 
LEGENDRE COMPONENTS OF THE M U L T I G R O U P TRANSFER M A T R I C E S 
S I G M A ( L , G TO G+N) FCR FAST N E U T R O N S . B E A C T I C N S C O N S I D E R E D ARE 
E L A S T I C S C A T T E R I N G , I N E L A S T I C S C A T T E R I N G ( L E V E L E X C I T A T I O N AND 
THE E V A P C R A T I C N M O D E L ) , ANC THE FOLLOWING F I V E DECAY MODES FOR 
THE ( N , 2 N ) R E A C T I O N — A ( N , N l I A * ( N 2 ) ( A - 1 ) * , 3 - ANC 4 - BODY PHASE 
SPACE MODEL, E V A P O R A T I O N M O D E L , AND THE CLUSTER M O D E L , WHERE A* I S 
THE R E C O I L N U C L E U S . ALL NUCLEAR L E V E L S I N V O L V E D I N THE T R A N S 
I T I O N S ARE D I S C R E T E . THE CODE MAY ALSO BE USED TC CALCULATE GROUP 
AVERAGED CROSS S E C T I O N S AS WELL AS TO M A N I P U L A T E , E . G . , A D D , 
M U L T I P L Y , E T C . , THE OUTPUT M A T R I C E S . THE NEUTRON SPECTRUM MAY BE 
A C O M B I N A T I O N OF F I S S I O N AND 1 / E CR A R B I T R A R Y I N P U T D A T A . 

2 4 9 LASER LASER I S BASED ON M C D I F I E D 
V E R S I O N S OF THE SLOWING-OOWN PROGRAM MUFT AND THE T H E R M A L I Z A T I O N 
TRANSPORT THECRY PROGRAM T H E R M O S , ANC PERFORMS A C A L C U L A T I O N OF 
THE NEUTRON SPECTRUM I N A UNIFORM L A T T I C E MADE UP CF C Y L I N C R I C A L 
R O D S , C L A D D I N G , AND SURROUNDING M O D E R A T O R . THE THERMAL CUTOFF I N 
LASER I S 1 . 8 5 5 E V . THE PRCGRAM PERFORMS A BURNUP C A L C U L A T I C N FOR 
THE L A T T I C E . THE S P A T I A L D I S T R I B U T I O N OF BURNUP W I T H I N THE FUEL 
RODS I S E X P L I C I T L Y C A L C U L A T E D . THE PROGRAM W I L L , AT O P T I O N , 
ACCOUNT FOR ALL N O N - L I N E A R I T I E S AND MUTUAL C O N N E C T I O N S I N THE S Y S 
TEM CF BURNUP E Q U A T I O N S . T H I S C A L C U L A T I O N ACCCUNTS FCR THE V A R I A 
T I O N OF THE NEUTRON FLUX I N SPACE ANC ENERGY D U R I N G EACH T I M E -
S T E P . A B U C K L I N G AND A BORON P O I S O N SEARCH ( C R I T I C A L I T Y SEARCHI 
ARE P R O V I C E D AS O P T I O N S . OUTPUT I N C L U D E S E D I T S I N THE ENERGY 
RANGE ZERO LESS THAN OR EQUAL TC E LESS THAN OR EQUAL TO 0 . 6 2 5 E V . 

2 5 7 REAX REAX C A L C U L A T E S EPITHERMAL 
F L U X , A C T I V I T I E S AND CROSS S E C T I C N S AS A F U N C T I C N OF R A C I U S AND 
ENERGY FOR A CONSTANT TEMPERATURE FUEL ROO IMMERSED I N A HOMOGE
NEOUS M E D I U M . 

2 7 6 A V O I D A V O I D COMPUTES THE E Q U I V A L E N T 
D I F F U S I O N C O E F F I C I E N T AND LOSS OROSS S E C T I C N OF AN ANNULAR V O I D IN 
A C Y L I N D R I C A L REACTOR AND THE R A D I A L FLUX D I S T R I B U T I O N I N THE 
V O I O . 
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277 HAMMER/L ITHE/HELP/L IBCCN HAMMER PERFORMS I N F I N I T E LAT
T I C E , ONE-DIMENSIONAL CELL MULTIGROUP CALCULATIONS, FOLLOWED (OP
TIONALLY) BY ONE-niMENSIONAL, FEW-GROUP, MULTIREGION REACTCR CAL
CULATIONS WITH NEUTRON BALANCE E D I T S . 

279 LEOPARD/SPOTS LEOPARD I S A UNIT CELL HOMC-
GENIZATICN ANC SPECTRUM GENERATION (MUFT-SOFOCATE) PROGRAM WITH A 
FUEL DEPLETION OPTICN. 

280 MO807 M0807 SOLVES THE TWO-DIMEN
SIONAL FIXED-SOURCE DIFFUSION EQUATICN FCR THE ABSORPTION ANO 
REMOVAL MACROSCOPIC CROSS SECTIONS REQUIRED TO YIELD A SPECIFIEO 
REACTION RATE D I S T R I B U T I O N . 

281 RABBLE/WLIB/FLAT RABBLE COMPUTES EFFECTIVE 
CROSS SECTIONS FOR ABOVE THERMAL ENERGIES BASED CN RESOLVED 
SINGLE-LEVEL RESONANCE PARAMETERS FOR I N F I N I T E HOMOGENEOUS OR 
HETEROGENEOUS SYSTEMS. 

285 RESQ2/RES00/DBF1 RESQ2 CALCULATES THE RESO
NANCE INTEGRAL I N A TWO-DIMENSIONAL, HEXAGCNAL SYSTEM CONSISTING 
OF FUEL, CLAC ANO WATER WITH A REFLECTING BOUNDARY CONDITION. 

291 HEXSCAT HEXSCAT CALCULATES PO THROUGH 
P3 COMPONENTS OF THE POLYCRYSTALLINE COHERENT ELASTIC NEUTRON 
SCATTERING CROSS SECTICN PEP NUCLEUS FOp A HEXAGONAL LATT ICE . THE 
CODE AVERAGES POINT VALUES OVER INPUT GROUP BOUNDARIES TO GIVE 
SMOOTHED GRCUP CROSS SECTICNS. 
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298 GGC4 THE GGC4 PROGRAM SOLVES THE 
MULTIGROUP SPECTRUM EOUATIONS WITH SPATIAL DEPENDENCE REPRESENTED 
BY A SINGLE POSITIVE INPUT BUCKLING. BROAD GROUP CROSS SECTIONS 
(SHIELDED OR UNSHIELDED) ARE PREPAREC FCB CIFFUSION AND TRANSPORT 
COOES BY AVERAGING WITH THE CALCULATED SPECTRA OVER INPUT-DESIG-
NATEC ENERGY L I M I T S . THE COCE IS DIVIDED INTO THREE MAIN PARTS. 
A FAST (GAM) SECTION WHICH COVERS THE ENERGY RANGE FRCM 1 4 . 9 MEV 
TO 0 . 4 1 4 EV, A THERMAL (GATHERI SECTION WHICH COVERS THE ENERGY 
RANGE FRCM 0 TO 2 . 3 8 EV, ANC A COMBINING (COMBO) SECTION WHICH 
COMBINES FAST AND THERMAL CRCSS SECTICNS INTC SINGLE SETS. BASIC 
NUCLEAR CATA FOR THE FAST SECTION WHICH CONSISTS CF FINE GROUP-
AVERAGED CROSS SECTIONS AND RESONANCE PARAMETERS IS REAC OFF A 
DATA TAPE. THE FINE GROUP ABSORPTION AND F I S S I O N CBOSS SECTIONS 
MAY BE ADJUSTED BY PEBFCBMING A BESONANCE INTEGRAL CALCULATION. 
UT IL IZ ING A F ISSION SOURCE AND AN INPUT BUCKLING, THE COOE SOLVES 
THE P I , B l , 8 2 , OR B3 APPROXIMATION TO OBTAIN THE ENERGY-DEPENDENT 
FAST SPECTRUM. TWO OR SIX SPATIAL MOMENTS OF THE SPECTRUM (DUE TO 
A PLANE SOURCE) MAY ALSC BE EVALUATED. INSTEAC CF PERFORMING A 
SPECTRUM CALCULATION, THE USER MAY ENTER THE LEGENDRE COMPONENTS 
OF THE ANGULAR FLUX DIRECTLY. FOR AS MANY INPUT-DESIGNATED 
BROAD GRCUP STRUCTURES AS CESIREC, THE COOE CALCULATES AND SAVES 
(FOR THE COMBINING SECTION) SPECTRUM-WEIGHTED AVERAGES CF MICRC
SCOPIC ANC MACROSCOPIC CROSS SECTIONS AND TRANSFER ARRAYS. SLOW
ING DOWN SOURCES ARF CALCULATED AND SAVED FOR USE IN THE LOWER 
ENERGY RANGE. GIVEN BASIC NUCLEAR DATA, THE THERMAL SECTICN CF 
GGC4 DETERMINES A THERMAL SPECTBUM BY EITHER READING IT AS INPUT, 
BY CALCULATING A MAXWELLIAN SPECTRUM FCR A GIVEN TEMPERATURE, OR 
BY AN ITERATIVE SOLUTION OF THE P 3 , BO, P I , OR B l EQUATIONS FOR AN 
INPUT BUCKLING. TIME MOMENTS OF THE TIME AND ENERGY-DEPENDENT 
DIFFUSION EQUATIONS ARE CALCLLATED (AS AN CPTICN) USING THE INPUT 
BUCKLING TO REPRESENT LEAKAGE. BROAD GROUP CROSS SECTIONS ARE 
PREPARED BY AVERAGING FINE GRCUP CROSS SECTIONS OVER THE CALCU
LATED SPECTRA. BROAD GROUP STRUCTURES ARE READ AS INPUT. THE 
COMBINING SECTION OF GG04 TAKES THE BROAO GROUP-AVERAGED CROSS 
SECTIONS FROM THE FAST AND THERMAL PORTIONS OF GGC4 AND FORMS 
MULTIGROUP CROSS SECTION TABLES. THESE TABLES ARE PREPARED IN 
STANCARD FORMATS FOR TRANSPORT CR DIFFUSION THEORY CALCULATIONS. 
IN ADDITION, I T I S POSSIBLE TC USE THE COMBINING SECTICN TO PRO
DUCE MIXTURES NOT USED IN THE SPECTRUM CALCULATION CR TC COMBINE 
THE RESULTS OF DIFFERENT FAST ANC THERMAL SECTION CALCULATIONS AND 
SO ON. THESE OPTIONS ARE DESCRIBED IN REFERENCE 2 . 

306 FCC4 FCC4 IS A MULTIPURPOSE DATA 
MANIPULATION COOE FOR USE IN FAST REACTOR ANALYSIS. THE CODE CAN 
BE USED TC - (A) COMPUTE RESONANCE-SHIELDED CROSS SECTIONS USING 
OATA IN THE RUSSIAN FORMAT (SHIELDING FACTORS AND 1NFIN I T E - C I L U -
TICN CROSS SECTIONS), (B) COMPUTE MULTIGROUP FUNDAMENTAL-MODE FLUX 
AND ADJOINT FLUX, ( 0 ) COMPUTE ANC PUNCH GROUP-COLLAPSED MICROSCO
PIC OR MACROSCOPIC CROSS SECTICNS I N THE DTF FORMAT, ( 0 ) COMPUTE 
FUEL BURNUP AT CCNSTANT FLUX CR POWER DENSITY. 
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307 HWOCR-SAFE HWCCR-SAFE IS A MONTE CARLO 
THERMAL REACTOR ANALYSIS PROGRAM DESIGNED FOR USE WITH PROPOSED 
HWOCR LATTICE CCNFICURAT IONS. IT IS A BENCHMARK TOOL TO CHECK 
MULTIGROUP DIFFUSION AND TRANSPORT CALCULATIONS ANC TC EVALUATE 
THE EFFECT OF THEIR USE OF GEOMETRIC APPROXIMATIONS. 

316 GAFGAR/P3T/PRPC/TAPC0P THE PROBLEM IS TO OBTAIN VERY 
DETAILED NFUTPON FLUX ANC CURRENT DISTRIBUTIONS AS FUNCTIONS OF 
ENERGY CONSIDERING EXPLICITLY THE POSSIBLE OVERLAP EFFECTS BETWEEN 
RESONANCES OF A RESONANCE ABSORBER AND OF MIXTURES CF RESONANCE 
ABSORBERS ANC TO USE THESE DISTRIBUTIONS TO PREPARE GROUP-AVERAGED 
CROSS SFCTIONS AND TRANSFER ARRAYS FOR USE IN FAST PEACTOR ANA
LYSES. 

355 MC**2 MC**2 IS USEO TO CALCULATE 
MULTIGROUP CROSS SECTIONS USING AN EVALUATED NUCLEAR DATA FILE 
(ENDF) AND THESE CROSS SECTIONS ARE SUITABLE FOR DIRECT USE BY 
NEUTRONICS CODES WITHOUT PERFORMING ANCILLARY CALCULATIONS. 

361 GLEN THE GLEN PROGRAM INTERPOLATES 
VALUES OF A FACTOR PPCPCRTICNAL TO THE SCATTERING LAW FROM THE 
PUNCHED OUTPUT OF THE TOR CODE (ACC ABSTRACT 3601. THE DIFFEREN
TIAL CROSS SECTION DETERMINEC FROM THESE IS INTEGRATED OVER THE 
SCATTERING ANGLE TO OBTAIN COEFFICIENTS CF AN EXPANSION IN 
LEGENDRF POLYNOMIALS OF THIS ANGLE FCR L ' 0, 1, 2, 3. INTEGRA
TION OVER FINAL ENERGIES YIELCS VALUES OF THE TOTAL SCATTERING 
CROSS SECTION AND TRANSPORT CROSS SECTICN. FOR EACH OF A SERIES 
CF ISOTCPIC COMPOSITIONS (UP TO 10 COMPQSITIONS) THE GLEN COOE 
CALCULATES THE DIFFUSICN LENGTH AND VALUES OF THE FLUX-WEIGHTEO 
GROUP AVERAGE MACROSCOPIC SCATTERING, ABSORPTION, FISSICN, ANO 
TRANSFER CROSS SECTICNS. 

362 WELWING WELWING WAS DEVELOPED TO CAL
CULATE THE MATERIAL BUCKLING CF REACTCR SYSTEMS CONSISTING OF 
ANNULAR FUEL ELEMENTS IN HEAVY WATER AS MODERATCR FCR VARIOUS 
MODEPATCR TO FUEL RATIOS. THE MODERATOR TO FUEL RATIO FOR THE 
MAXIMUM MATERIAL BUCKLING FOR THE PARTICULAR SYSTEM IS SELECTED 
AUTOMATICALLY AND THE CORRESPONDING MATERIAL BUCKLING IS CALCU
LATED. 
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374 lox IDX IS A MULTIPURPOSE, ONE-
DIMENSIONAL DIFFUSION CCDE FCP GENERATING CROSS SECTIONS TO BE 
USED IN FAST REACTOR ANALYSES. THE CODE IS CESIGNEC TO -

(Al COMPUTE AND PUNCH RESONANCE SHIELDED CROSS SECTICNS USING 
DATA IN THE RUSSIAN (SEE REFERENCE 21 FORMAT, 

(B) COMPUTE AND PUNCH GROUP-COLLAPSED MICRCSCOPIC AND/OR 
MACROSCOPIC CROSS SECTIONS AVERAGED OVER THE SPECTRUM IN 
ANY SPECIFIEC ZONE, ANC 

(0) COMPUTE KEFF AND PERFORM CRITICALITY SEARCHES ON TIME 
ABSORPTION, MATERIAL CONCENTRATIONS, ZONE DIMENSIONS, ANO 
BUCKLING USING EITHER A FLUX CR AN ADJOINT MODEL. 

388 ETCX2 ET0X2 (ENDF/B TO lOX) CALCU
LATES MULTIGROUP CONSTANTS FOR NUCLEAR REACTOR CALCULATICNS USING 
DATA FROM THE EVALUATED NUCLEAR DATA FILE (ENDF/B) VERSION II 
FORMAT. IT CAN ALSC PROCESS VERSICN I MATERIALS THAT DO NOT CALL 
FOR PARTIAL ENERGY DISTRIBUTION LAWS 1, 2, 4, 6, CR 8 (SEE ENCF/B, 
FILE 5 ) . THE CODE IS DESIGNEE TQ COMPUTE ANO PUNCH -

(A) INFINITE DILUTE CRCSS SECTICNS, 
(B) TEMPERATURE DEPENDENT SELF-SHI ELDING FACTORS FOR ARBITRARY 

VALUES OF MICRCSCOPIC SIGMAO (TOTAL CROSS SECTION PER 
ATOM) IN THE RUSSIAN (BONDARENKO) FORMAT, ANC 

(0) INELASTIC SCATTERING PROBABILITY MATRICES. 

392 RAFFLE RAFFLE CALCULATES NEUTRON 
FIRST FLIGHT CCLLISICN PROBABILITIES FOR A WIDE VARIETY OF THREE-
DIMENSIONAL CELL GEOMETRY CONFIGURATIONS. THE CUTER BOUNCARIES OF 
THE CELL CROSS SECTION MAY BE CIRCULAR, SQUARE, OR HEXAGONAL. 
THE CELL MAY CONTAIN ANNULAR REGIONS AND/OR CLUSTERS OF RODS. 

393 XSCRN XSORN USES THE NORDHEIM INTE
GRAL TREATMENT, NARROW RESCNANCE, OR INFINITE MASS APPROXIMATION 
TO PROCESS RESONANCE DATA ON A MASTER CROSS SECTION LIBRARY ANO 
THUS OBTAIN MICRCSCCPIC FINE-GROUP CROSS SECTIONS FOR A LARGE NUM
BER OF NUCLIDES. THE CODE WILL THEN USE THESE CROSS SECTIONS IN 
AN INDEPENDENT CALCULATION TO SOLVE FOR FLUXES, EIGENVALUES, 
CRITICAL DIMENSIONS, ETC., USING DISCRETE ORDINATES, DIFFUSION, OR 
AN INFINITE MEDIUM THEORY CALCULATICN. THE FINE-GBCUP FLUXES THUS 
OBTAINED CAN THEN BE USED TO CCLLAPSE THE FINE-GROUP CROSS SECTION 
DATA TO A MORE TENABLE BROAD-GROUP STRUCTURE FCR USE IN SEVERAL 
INDEPENDENT COMPUTER CODES. 

416 PARTI PARTI IS A GRCUP CCLLAPSING 
CODE WHICH DETERMINES THE OPTIMUM DISCRETE REPRESENTATION OF A 
VARIABLE FOR SUBSEQUENT REPETITIVE CALCULATIONS. 
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420 GROUSE GROUSE COMPUTES EFFECTIVE 
MULTIGROUP CROSS SECTICNS AS A FUNCTION OF POSITION IN THE CORE 
OF A REACTOR OR THE ABSORBER REGION OF A FUEL OR CCNTROL ELEMENT. 
THE FLUX WEIGHTING USES SYNTHESIZED FLUXES GENERATED IN FINE EN
ERGY DETAIL FROM PARAMETRIC FLUX TRAVERSES SUPPLIEC AS INPUT AS A 
FUNCTION OF THE CORE ABSORPTION AND SCATTER CROSS SECTICNS. 

426 PAX02 PAX02 IS USEC TO GENERATE A 
HARMCNY FILE CONTAINING FEW-GROUP MICROSCOPIC AND/OR MACROSCOPIC 
CROSS SECTIONS FOR PDQ7 PROBLEMS. INFINITE MEDIUM, TIME-DEPENDENT 
CALCULATIONS OF NEUTRON FLUX SPECTRA IN HOMOGENEOUS, HYCRCGENCUS 
MEDIA ARE PERFORMED. HETEROGENEOUS RESONANCE INTEGRALS, THERMAL 
SHIELDING FACTORS, ANO BLACKNESS PARAMETERS ARE CALCULATED. COEF
FICIENTS FOR TEMPERATURE FEEDBACK CALCULATIONS ARE OBTAINED. 

431 SUPERTOG SUPERTOG ACCEPTS NUCLEAR DATA 
IN EITHER A POINT BY POINT OR PARAMETRIC REPRESENTATION AS SPECI
FIEO BY ENDF/B. THIS DATA IS AVERAGED OVER EACH SPECIFIED GROUP 
WIDTH. THE EXPLICIT ASSUMPTION IS MADE THAT THE FLUX PER UNIT 
LETHARGY IS CONSTANT CR THAT A SUITABLE WEIGHT FUNCTION WILL BE 
SUPPLIED BY THE USER. WHEN RESCNANCE CATA IS AVAILABLE, RESOLVED 
AND UNRESOLVED RESONANCE CONTRIBUTIONS ARE CALCULATED AND USED AS 
SPECIFIEO BY INPUT CPTICNS. FINE GROUP CONSTANTS SUCH AS ONE-
DIMENSIONAL REACTION ARRAYS (ABSORPTION, FISSION, ETC.), PN ELAS
TIC SCATTERING MATRICES, AND INELASTIC AND (N,2N) SCATTERING 
MATRICES ARE GENERATED AND PLACED CN TAPES IN FORMATS SUITABLE 
FOR USE BY THE GAMl (ACC ABSTRACT 331, GAM2, ANISN, OR DOT PRO
GRAMS. 

• 

436 ETCMl ETOMl PROCESSES BASIC NUCLEAR 
INFORMATION GIVEN IN THE ENOF/B FORMAT ANO PRODUCES DATA CECKS FOR 
USE IN GENERATION OF MUFT4 AND MUFT5 LIBRARIES. 

437 FTOGl ETOGl PROCESSES BASIC NUCLEAR 
INFCRMATICN GIVEN IN THE ENOF/B FORMAT AND PRODUCES DATA DECKS FOR 
USE IN GENERATION OF MUFT4, MUFT5, GAMl, GAM2, AND ANISN LIBRAR
IES. 
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LATTICE AND CELL PROBLEMS 

453 RICE THE PROGRAM CALCULATES AN 
ENERGY EXCHANGE MATRIX WHICH DESCRIBES THE PROBABILITY THAT A 
NEUTRON WITH ENERGY E WILL PRODUCE A RECOIL ATOM WITH ENERGY T IN 
A GIVEN MATERIAL. IN ADDIT ION, THE PROGRAM CAN CALCULATE THE 
PRIMARY RECOIL ATOM ENERGY SPECTRUM FOR A GIVEN NEUTRCN SPECTRUM, 
THE DAMAGE CROSS SECTICN FOR THE MATERIAL, AND AN OPTIMUM LOWER 
ENERGY L I M I T FOR USE IN COMPARING THE RELATIVE DAMAGE IN DIFFER
ENT REACTCR SPECTRA. THE PRCGRAM ACCEPTS NEUTRON SCATTERING DATA 
DIRECTLY FROM THE FNDF/B LIBRARY TAPES AND, IN THE CASE OF A 
RESONANCE NUCLIDE, FROM A TAPE GENERATED BY THE PROGRAM SUPERTCG 
(ACC ABSTRACT 4 3 1 1 . 

461 EPOCH EPOCH SOLVES FOR FINE DETAIL 
P-1 FLUX SPECTRA IN SIMPLY BUCKLED MEDIA ANC IS ABLE TO CALCULATE 
NEUTRON AGES FROM THE SPECTRA. I T OBTAINS NUCLEAR CROSS SECTICNS 
FROM THE ENDF/B LIBRARY IGNORING RESONANCE FILES AND IS MOST USE
FUL FOR HIGHER ENERGIES WHERE RESONANT REACTIONS ARE WEAK CR 
ABSENT. THE PRESENT VERSION READS ONLY VERSION 1 ENOF/B TAPES. 

466 APRFXl APRFXl COLLAPSES AND COM
BINES CROSS SECTION SETS FOR MULTIGROUP TRANSPORT CALCULATIONS. 
I T PERFORMS GROUP COLLARING FOR AS MANY ISOTOPES, MIXTURES AND 
LEGENDRE EXPANSION SETS AS OESIREO FROM THE DLC-2B LIBRARY. THE 
DLC-2B LIBRARY STRUCTURE EMPLOYS TENTH LETHARGY UNIT INTERVALS 
FROM IS MEV TO 111 KEV AND QLARTER LETHARGY INTERVALS DOWN TO 
0 . 4 1 4 EV. A IPOTH GROUP 0 . 0 TO C.414 EV IS USED AS A SINK GROUP. 
THE CODE ALSO DETERMINES THE BROAD GROUP INPUT SOURCE AND GENER
ATES AVERAGED NEUTRON VELOCITIES FOR USE WITH TRANSPORT CALCULA
TIONS. 

467 HRG3 THE CODE COMPUTES THE SLOWING 
DOWN SPECTRUM OVER THE ENERGY RANGE 10 MEV TO . 4 1 4 EV IN EITHER 
THE R I OR P I APPROXIMATION, USING 68 GRCUPS CF NEUTRONS WITH A 
CCNSTANT GROUP WIDTH OF DELTA U = . 2 5 . THE CALCULATED FLUX AND 
CURRENT SPECTRA ARE USEC TO REDUCE THE ORIGINAL 68-GROUP CROSS 
SECTION DATA TO AVERAGE VALUES CVER AS MANY AS 33 BROAD GROUPS. 
OUTPUT IS PRINTED AND MAY ALSO BE PUNCHED IN FORMATS FOR INPUT TO 
ANY OF SEVERAL SPATIAL MULTIGRCUP CODES. 
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7 F I P N F I R N SOLVES THE T W O - D I M E N 
S I O N A L SN A P P R O X I M A T I O N I N F I N I T E C Y L I N C R I C A L G E O M E T R Y . I T I S A 
FORTRAN A D A P T A T I O N OF THE LOS ALAMOS TDC PROGRAM W R I T T E N BY BENGT 
CARLSON AND CLARENCE L E E . F I R N IS L I M I T E D TO A MAXIMUM OF S I X 
GROUPS AND THE S 2 , S4 OR S 6 A P P R O X I M A T I O N . 

9 F I R E 5 F I R E S SOLVES THE O N E - D I M E N -
S I P N A L M U L T I G R O U P A G E - D I F F U S I O N E Q U A T I O N S FCR SLAB ( S Y M M E T R I C ANO 
A S Y M M E T R I C ) , C Y L I N D E R , ANP SPHERE G E O M E T R I E S . AN E X T E N S I O N CF THE 
O R I G I N A L LOS ALAMOS F I R E PRCGRAM W R I T T E N BY F . W. B R I N K L E Y ANO 
0 . B . M I L L S , I T C O N T A I N S A 3 4 - G R C U P L I B R A R Y CF 10 E L E M E N T S . F I R E S 
CAN BF USED FOR C E L L C A L C U L A T I O N S W I T H THE BOUNDARY C O N D I T I O N THAT 
THE CURRENT BE ZERO CN THE OUTER B O U N C A R Y . THE E F F E C T I V E CROSS 
S E C T I O N S AND D I F F U S I O N C O E F F I C I E N T S FOR A H O M O G E N I S E D R E G I O N C O N 
S I S T I N G CF ANY NUMBER OF N E I G H B O R I N G R E G I O N S CAN ALSO BE O B T A I N E D , 
BUT CNLY FDR C Y L I N D R I C A L G E O M E T R Y . F I R E S ALSC COMPUTES THE MACRO
S C O P I C F L U X - W E I G H T E D CROSS S E C T I O N S FOR C O L L A P S E D GROUPS I N EACH 
B E G I O N . 

18 2 0 X Y THE 2 D X Y PROGRAM SOLVES THE 
HOMOGENEOUS OR INHOMOGENEOUS M U L T I G R O U P E Q U A T I O N S I N X - Y GEOMETRY, 
U S I N G THE SN TRANSPORT E Q U A T I O N A P P R O X I M A T I O N . V A C U U M , SURFACE 
S C U R C E , CB R E F L E C T I N G BOUNDARY C O N D I T I O N S ARE A V A I L A B L E AS O P 
T I O N S . I N THE HOMOGENEOUS CASE THE USER MAY REQUEST THE C O M P U T A 
T I O N OF R E A C T I V I T Y , REACTOR P E R I C D , C R I T I C A L CCNCENTRAT I C N S OF 
SOME C O M P O S I T I O N , OR T H E C R I T I C A L T H I C K N E S S OF A Z O N E . 

2 8 FOG THE FOG PROGRAM SOLVES THE 
O N E - D I M E N S I O N A L FEW-GROUP C I F F U S I O N EQUATIONS I N ANY OF THREE 
G E O M E T R I E S S L A B , C Y L I N D E R , OR S P H E R E . P R O V I S I O N S ARE MADE FOR 
C A L C U L A T I N G THE F L U X , THE A D J O I N T F L U X , AND V A R I O U S C R I T I C A L I T Y 
SEARCHES AS WELL AS A B U C K L I N G I T E R A T I O N ANC A U T O M A T I C 
T S C H E B Y S C H E F F P O L Y N O M I A L C O M P U T A T I O N OF SCURCE E X T R A P O L A T I O N 
F A C T O R S . 

?q A I M 6 A I M 6 SOLVES THE O N E - O I M E N -

S I O N A L M U L T I G R O U P D I F F U S I O N EQUATIONS U T I L I Z I N G A M I C R O S C O P I C 
CROSS S E C T I O N L I B R A R Y . ANY CF THREE G E O M E T R I E S ARE A V A I L A B L E 
S L A B , C Y L I N D E R OR S P H E R E . C R I T I C A L I T Y SEARCHES ARE P R O V I D E D 
I N C L U D I N G A C O N C E N T R A T I O N SEARCH ON ONE OR TWO E L E M E N T S . HOMOGE
NEOUS ANC INHOMOGENEOUS PROBLEMS MAY BE SOLVED W I T H A V A R I E T Y OF 
BOUNCARY C O N C I T I C N C P T I C N S . 
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30 PFRT PERT IS A PERTURBATION PRO
GRAM DESIGNED FOR USE WITH THE AIM6 AND FOG PROGRAMS. PUNCHED 
CARD OUTPUT FROM THESE CCDES IS USED AS INPUT TO PERT. USING 
CROSS SECTION OATA, FLUXES, AND ADJOINT FLUXES, THE RELATIVE 
CHANGE IN KEFF CAN BE CALCULATED. CROSS SECTIONS MAY BE WEIGHTED 
WITH THE ADJCINT FLUX ANC/CR CIRECT FLUX. THE NEUTRON LIFETIME 
FOR THE DELAY GROUPS MAY ALSO BE DETERMINED. 

32 WHIRLAWAY WHIRLAWAY SOLVES THE TWO-
GRCUP, THREE-DIMENSIONAL, NEUTRON DIFFUSION EQUATIONS I N X-Y-Z 
GECMETRY. 

39 ECUIP0ISE3 EQUIP0ISE3 SOLVES THE TWO-
GROUP, TWO-DIMENSIONAL, NFUTRON DIFFUSICN EQUATIONS IN CYLINDRICAL 
CR SLAB GEOMETRY. 

40 20GRAND 20GRAND SOLVES THE FEW-GROUP, 
TWO-DIMENSIONAL, NEUTRON DIFFUSION EQUATIONS IN CYLINDRICAL OR 
SLAB GEOMETRY. 

59 MIST MIST OBTAINS THE SOLUTION TO 
THE ONE-DIMENSIONAL BOLTZMANN EQUATION IN SLAB GECMETRY. THE 
NUMERICAL APPROXIMATION USED IS A LINEAR ONE WHICH CAN BE 
DESCRIBED AS AN EXTENSION ANC GENERALI 2ATICN OF THE SN APPRCXI-
MATICN. THE EQUATIONS ARE FORMULATED IN TERMS OF A DOUBLE SN 
APPROXIMATION. THE BOUNCARY CCNCITIONS FOR EACH GRCUP MAY BE 
INDEPENDENTLY SPECIFIED AND PERMIT VERY GENERAL SPECIFICATIONS 
WITH RESPECT TO -

(A) PERFECT MIRRCR REFLECTION OR SYMMETRY, EY INPUT OF MIRROR 
ALBEDOS, 

(E) ANISOTROPIC CIFFUSE SOURCES, BY INPUT OF LEGENDRE 
POLYNOMIAL COEFFICIENTS UP TO LAMBDA = 9 , OR A SHORT 
TABLE DESCRIBING A KNOWN ANGULAR DISTRIBUTION OF THE FLUX, 

(C) ISOTROPIC (LAMBERT SURFACE) REFLECTION. 
ISOTROPIC VOLUME SOURCES IN EACH GROUP MAY ALSO BE INDEPEND

ENTLY SPECIF IED. THE SCATTERING FROM ONE GROUP TO ANOTHER IS 
ASSUMED TO BE ISOTROPIC BUT THE SCATTERING FUNCTICN WITHIN EACH 
GROUP CAN BE A SECONC-ORDER LEGENDRE POLYNOMIAL SERIES. 

75 GE-HAP0-S13 PROGRAM S CONSTRUCTS B I L I N E -
ARLY COUPLED TIME-VARIANT MULTIENERGY NEUTRON-ANO-PHOTON TRANS
PORT ANO NUCLIDE-TRANSMUTATICN FIELCS HAVING SLAB, CYLINDRICAL, OR 
SPHERICAL SYMMETRY. ASSURANCE OF UNBIASED CONVERGENCE IS PRO
VIDED BY USE OF A DUAL ACJ 01NT-AND-FLUX LOOP CONSTRUCTED IN PRE
CISE CORRESPONDENCE WITH THE PHYSICS OF SUCCESSIVE FREE FLIGHTS. 
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87 EQU1P0ISE-3A EQUIP0 ISE-3A SOLVES THE TWO-
DIMENSIONAL TWO-GROUP DIFFUSICN EQUATIONS IN CYLINDRICAL OR SLAB 
GECMETRY. IT IS A SLIGHTLY REVISED VERSION OF E 0 L I P C I S E 3 (ACC 
ABSTRACT 3 9 ) . IN ACDITICN TO THE STANCARD OUTPUT, A PICTURE IS 
PRINTED OF THE MATERIAL ARRANGEMENT IN THE REACTOR. IF THE 
ADJCINT FLUX OPTION IS USED, THE PROMPT NEUTRON L I F E T I M E IS C A L 
CULATFO AND PRINTED, WITH THE REACTIVITY PER UNIT CHANGE IN EACH 
GROUP CONSTANT IN EACH REGION CF THE REACTOR. 

103 ORAM CRAM IS USED TO SOLVE THE 
MULTIGROUP DIFFUSION EQUATIONS IN TWO-DIMENSIONS ( R - Z , X - Y , CR R-
THETA GEOMETRY), OR IN ONE-DIMENSION ( S L A B , C Y L I N D R I C A L , OR SPHER
ICAL GECMETRY). NEUTRONS MAY SCATTER FRCM ANY GROUP TO ANY OTHER. 
REAL, ADJOINT, AND SOURCE-TYPE PROBLEMS ARE ALL SOLVABLE. 
THE PROGRAM WILL COMPUTE THE K-EFFECTIVE OF THE SYSTEM OR A L 
TERNATIVELY SEARCH FOR C R I T I C A L I T Y BY MOVING SPATIAL BOUNDARIES, 
VARYING MATFRIAL COMPOSITIONS, CR VARYING TRANSVERSE BUCKLING. 

I I B ULCER ULCER IS A MULTIGROUP, ONE-
OIMENSIONAL DIFFUSICN EQUATION CCDE WITH UPSCATTER BASED CN FAIM 
(ACC ABSTRACT 1 2 0 ) . ULCER DIFFERS FROM FAIM IN THAT -

(A) UPSCATTEPING IS INCLUDED, 
( B ) DOWNSCATTER TO ALL LOWER GROUPS, 
( 0 ) MICROSCOPIC CROSS SECTIONS ARE ON TAPE, 
( 0 ) PROVISION FCR MULTIPLE F ISS ICN SPECTRA, 
( E ) RESTART DUMP, 
( F ) FEW-GROUP REDUCTION, AND 
(G) SPECTRUM COMPUTATION AND GRAPHICAL D ISPLAY. 
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120 FAIM/FAIMOS E*IM IS A MULTIGROUP, ONE-
DIMENSIONAL DIFFUSION EQUATICN PROGRAM EASED ON AIM6 (ACC ABSTRACT 
2 9 ) . THE PRINCIPAL FEATURES ARE -

(A) THREE GEOMETRIES, 
(B) CALCULATION OF FLUXES AND MULTIPLICATION FACTOR, 
(01 ONE-ITERATION PROBLEMS, 
(D) CHOICE OF ONE CF FIVE SETS CF ECUNDARY CONCITIONS AT BOTH 

BOUNDARIES, 
(E) CRITICALITY SEARCHES ON TRANSVERSE BUCKLING, HOMOGENEOUS 

POISON, CRITICAL RADIUS, ONE, TWO, OB THREE ELEMENT CON
CENTRATION, LOCATION OF POISON REGION BOUNDARY, LCCATICN 
OF A FUEL REGICN BCUNCARY, 

( F ) ADJOINT FLUX CALCULATICN, AND 
(G l EXTENSIVE DATA E D I T . 

FAIMOS I S A MODIFIED VERSICN OF F A I M . THREE GENERAL MODIFICATIONS 
WERE MADE -

(A) THE MICROSCOPIC CROSS SECTION LIBRARY AND I T S ASSOCIATED 
SUBROUTINES WERE REMCVED. AS A RESULT, OPTIONS REQUIRING 
THE USE OF MICROSCOPIC CROSS SECTIONS ARE NCT AVAILABLE. 

(B) FAIM RAN AS A CHAIN JOB. OVERLAYS ARE NOT LSED BY 
FAIMOS. 

( 0 ) THE PROGRAM LANGUAGE WAS CONVERTED FROM FORTRAN I I TO 
FCRTRAN I V ( H ) . THIS MODIFICATION MADE NECESSARY A MINOR 
CHANGE IN THE DATA INPUT FCRMAT. 

132 W-DSN W-DSN SCLVES THE CISCRETE SN 
EQUATIONS IN CYLINDRICAL GEOMETRY. THE EIGENVALUE OPTION IS 
REACTIVITY (KEFF) ONLY. VOLUME DISTRIEUTEC SOURCES ARE ALLOWED, 
BUT NO SURFACE SOURCES. 

136 HERESYl/KERNEL HERESYl CALCULATES THE REAC
T I V I T Y , THERMAL U T I L I Z A T I O N , RESONANCE ESCAPE PROBABILITY, RELA
TIVE ROO ABSORPTIONS AND PCWER DISTRIBUTION IN HETEROGENEOUS REAC
TORS HAVING TWO SPATIAL DIMENSIONS. HERESYl CAN BE USEO FOR NON
UNIFORM LATTICES, LATTICES WITH MANY TYPES OF FUEL AND CONTROL 
RODS, AND SPIKED AND SEEDED REACTCRS. FISSIONS ARE ASSUMED TO 
OCCUR ONLY AT THERMAL ENERGY. RESONANCE ABSORPTIONS ARE LUMPED 
INTO ONE EQUIVALENT RESONANCE. THE MOCERATOR IS ASSUMED TO BE I N 
F IN ITE IN THE RADIAL DIRECTION, AND RCDS APE TREATEC AS LINE 
SOURCES AND SINKS. THE ROD PARAMETERS ARE INDEPENDENT OF THE 
INTER-ROD SEPARATION DISTANCES. SLOWING-DOWN KERNEL FUNCTIONS 
MAY BE OF ANY TYPE - AGE THECRY, TRANSPORT THEORY, OR EMPIRICAL. 
A SELF-CONSISTENT PROCEDURE CAN BE USEC WHICH EFFECTIVELY CANCELS 
CUT ANY ERRORS IN THE KERNEL FUNCTIONS. 
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144 OTF THE OTF PROGRAM IS A ONE-
DIMENSIONAL MULTIGROUP PROGRAM FCR SCLVING THE NEUTRON TRANSPORT 
EQUATION. THE PROGRAM CAN DETERMINE THE REGULAR OR ADJCINT SCLU
TICN FOP SLAB, C Y L I N D R I C A L , CR SPHERICAL GEOMETRY. ISOTROPIC OR 
A FORM" OF LINEAR ANISOTROPIC SCATTERING MAY BE CONSIDERED. V A R I 
OUS BOUNDARY CONDITIONS ARE ALLOWED SO THAT CELLS CR TIME-DEPEND
ENT SOLUTIONS MAY BE OBTAINEC USING F I N I T E AS WELL AS I N F I N I T E 
CONFIGURATIONS IN THE CASE OF SLABS OR CYLINDERS. THE PROGRAM 
ALSO CONTAINS A NUMBER OF SEARCH OPTIONS WHEREBY ONE 0 AN VARY 
DIMENSIONS PR CONCENTRATIONS TC ARRIVE AT A PREDETERMINED E IGEN
VALUE. DISTRIBUTED OR SHFLL SOURCES MAY BE SPECIFIED AT ANY P O S I 
TION WITHIN THE CONFIGURATION. AS OUTPUT THE PROGRAM SUPPLIES 
THE EIGENVALUE, ANGULAR FLUXES, TOTAL FLUXES, F ISS ICN D I S T R I B U 
T IONS, ANC OTHER Q U A N T I T I E S . A LIBRARY OF CROSS SECTIONS IS 
AVAILABLE ON MAGNETIC TAPE. CRCSS SECTICNS MAY BE READ FRCM THIS 
LIRRARY TAPE AND/OR FROM CARDS. 

148 TOPIC TOPIC SCLVES THE CNE-DIMEN
SIONAL BOLTZMANN EQUATION IN CYLINDRICAL GEOMETRY WITH UP TO SIX 
ENERGY GROUPS, 240 SPACE P C I N T S , 40 REGIONS, AND ANISOTROPIC ( P I ) 
SCATTERING. 
THF BOUNDARY CONDITICNS FOR EACH GROUP CAN BE INDEPENDENTLY 
SPECIFIED AND THE F L E X I B I L I T Y OF THE SPECIFICATIONS PERMIT a 

(A ) PERFECT MIRROR REFLECTION OR SYMMETRY, 
( B l ISOTRCPIO REFLECTION (LAMBERT SURFACE REFLECTIONI , ANO 
( C I ANISOTROPIC DIFFUSE SOURCES BY MEANS CF EITHER 

A PI LEGENDRE SERIES OR A SHORT TABLE OF POINT VALUES FOR 
THF ANGULAR FLUX. 

INDEPENDENT SPECIF ICATION OF ISCTROPIC FIXED VOLUME SOURCES 
FOR EACH GROUP IS ALSC ALLOWED. 
AS I M P L I E D , BOTH HOMOGENEOUS AND INHOMOGENEOUS PROBLEMS ARE 
SOLVED, AND FISSIONS CAN OCCUR IN EITHER TYPE OF PROBLEM. 

151 DTF2 /ANISN THE MULTIGROUP, ONE-SPACE 
DIMENSION NEUTRON TRANSPORT EQUATION IS SOLVED. ISOTROPIC OR 
LINEAR ANISOTROPIC SCATTERING IS PERMITTED BETWEEN ALL GRCUPS ANO 
A PIFFUSION SOLUTION MAY BE OBTAINED FOR ANY OR ALL GROUPS. 
HIGH-ORDER ANISOTROPIC SCATTERING PRCBLEMS ( P L ) CAN BE RUN USING 
ANISN, THE 36P VERSION OF D T F 2 . WHITE/GREY BOUNDARY CONDITIONS 
ARE AVAILABLE, AND AN ALBEDO CAN BE SPECIF IED FOR EACH GROUP. A 
VOID STREAMING CORRECTION IS INCLUDED. A COMPLETE SHELL SOURCE 
DESCRIPTION BY GROUP, P O S I T I O N , AND ANGLE I S AVAILABLE. GRAPHICAL 
DISPLAY (CRT) FEATURES ARE AVAILABLE WITH A N I S N . 

156 EXTERMINAT0R/EXTERMINAT0R2 THE MULTIGROUP, TWO-DIMEN
SIONAL NEUTRON DIFFUSICN ECUATICNS ARE SOLVED IN X - Y , R - Z , OR 
R-THETA GEOMETRY. 
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1 6 1 FORTRAN TDC TOO SOLVES THE BOLTZMANN 
E Q U A T I O N I N MULT IGROUP FCRM FOR THE TRANSPORT OF NEUTRONS OR THE 
A D J O I N T E Q U A T I O N I N F I N I T E ( R , Z I C Y L I N C R I C A L GEOMETRY BY THE 
C I S C R E T E SN METHOD. THE PROBLEM MAY BE HOMOGENEOUS (NO SOURCES 
I N D E P E N D E N T OF F L U X E S ) CR INHOMOGENEOUS, BUT ALL SOURCES MUST BE 
I S O T R O P I C . NEUTRON S C A T T E R I N G MUST ALSC BE I S O T R O P I C . A 
HOMOGENEOUS PROBLEM MAY BE SOLVED FOR THE E I G E N V A L U E K - E F F OR THE 
E I G E N V A L U E ALPHA ( T I M E C C N S T A N T ) . A L T E R N A T I V E L Y , THE HOMOGENEOUS 
PROBLEM MAY BE SOLVED FOR THE S I Z E ( R A D I U S , H E I G H T CR B O T H ) OF THE 
SYSTEM CORRESPONDING TO A S P E C I F I E D K - E F F OR FOR THE ATOM C O N 
C E N T R A T I O N OF SCME M A T E R I A L C C R R E S P O N C I N G TO A S P E C I F I E C E I G E N 
VALUE K - E F F OP A L P H A . FOR INHOMOGENEOUS P R O B L E M S , THE IMPOSED 
SOURCE MAY BE AN I S O T R O P I C V O L U M E - D I S T R I B U T E D SOURCE OR AN 
I S O T R O P I C SHELL SOURCE ON THE OUTER BOUNDARY. 

1 6 7 FLARE FLABE I S AN I N E X P E N S I V E 
CALCULATIONAL METHOD TO D E T E R M I N E CORE R E A C T I V I T Y AND CORE POWER 
D I S T R I B U T I O N . A S C O P I N G C A L C U L A T I O N OF T H I S T Y P E I S VALUABLE I N 
A P P R A I S I N G THE P H Y S I C S C H A R A C T E R I S T I C S OF PLANNED T E S T MODES OF 
O P E R A T I O N SO THAT D E T A I L E D A N A L Y S I S CAN BE RESERVED FCR THCSE 
CORE C A L C U L A T I O N S OF GREATER I N T E R E S T FROM E I T H E R A T E C H N I C I A N OR 
SAFETY S T A N D P O I N T . 

1 7 3 2DF 2 C F I S A T W O - D I M E N S I O N A L 
MULTIGROUP PROGRAM W R I T T E N IN FORTRAN FOR S O L V I N G THE NEUTRCN 
TRANSPORT E Q U A T I O N U S I N G THE SN M E T H O D . T H E PROGRAM CAN 
DETERMINE THE REAL PR A D J O I N T S C L U T I O N FCR X - Y , R - Z , CR R - T H E T A 
GECMETRY. I S O T R O P I C OR A FORM OF L I N E A R A N I S O T R O P I C S C A T T E R I N G 
MAY BE C O N S I D E R E D . V A R I O U S BCUNCARY C O N D I T I O N S ARE A L L O W E D . THE 
PROGRAM ALSO C O N T A I N S A NUMBER CF SEARCH O P T I O N S WHEREBY ONE CAN 
VARY D I M E N S I O N S OR C O N C E N T R A T I O N S TO A R R I V E AT A P R E D E T E R M I N E D 
E I G E N V A L U E . A D I S T R I B U T E D SOURCE MAY EE S P E C I F I E D . A L I B R A R Y OF 
CROSS S E C T I O N S I S A V A I L A B L E ON MAGNETIC T A P E . CROSS S E C T I O N S MAY 
BE READ FRCM THE L I B R A R Y T A P E AND/OR FROM C A R D S . 

1 9 2 2 D X Y L THE 2 0 X Y PROGRAM (ACC 
ABSTRACT 1 8 ) HAS BEEN C O N V E R T E D FROM FLOCO T C FCRTRAN 6 3 FOR USE 
ON THE C D C 1 6 0 4 W I T H CHANGES TO P E R M I T THE I N C L U S I O N OF F I X E D 
SOURCF TERMS FROM TDO - TERMS R E P R E S E N T I N G THE E F F E C T I V E NET LOSS 
PFR U N I T VOLUME DUE TO A X I A L L E A K A G E . I N T H I S MANNER, A T H R E E -
D I M E N S I O N A L FLUX S Y N T H E S I S CODE I S A C H I E V E D . 

1 9 9 TOP TOP I S A T W O - D I M E N S I C N A L 
L I N E A R P E R T U R B A T I O N THEORY CCDE W H I C H C A L C U L A T E S R E A C T I V I T Y 
C O E F F I C I E N T S , PRCMPT NEUTRCN L I F E T I M E S , AND E F F E C T I V E 
DELAYED F R A C T I O N S U S I N G F L U X E S FROM TOO C Y L I N D R I C A L ( R - Z I CR 
RECTANGULAR ( X - Y ) G E O M E T R Y . 
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209 DTF4 THE L INEAR, TIME-INDEPENDENT, 
BOLTZMANN EQUATION FOR PARTICLE TRANSPORT I S SOLVED FOR THE ENERGY 
SPACE, AND ANGULAR DEPENCENCE OF THE PARTICLE DISTRIBUTION IN ONE-
OIMENSIONAL SLABS, CYLINDERS, AND SPHERES. INDEPENDENT SCURCE 
OP EIGENVALUE ( M U L T I P L I C A T I O N , TIME-ABSORPTION, ELEMENT 
CONCENTRATION, ZONE THICKNESS CR SYSTEM CIMENSION) PROBLEMS ARE 
SOLVED SUBJECT TO VACUUM, REFLECTIVE, OR PERIODIC BCUNDARY 
CONDITIONS. A COMPLETE ENERGY-TRANSFER SCATTERING MATRIX IS 
ALLOWED FOR EACH LEGENDRE COMPONENT OF THE SCATTERING CROSS SEC
TION MATRICES. 

211 MGDSN, MANY GROUP DSN MGDSN I S A MODIFICATION 
OF DSN, THE ONE-DIMENSIONAL THEORY CODE CESIGNED TO ACCOMMODATE 
100 GROUP ISOTROPIC MATERIAL OROSS SECTICN DATA TAPES PREPARED BY 
CSPI AND CSP2A. 

212 VARI -OUIR THE TIME-DEPENDENT, MULT I -
GROUP, TWO-DIMENSIONAL NEUTRON CIFFUSION EOUATIONS ARE SOLVED I N 
X-Y OR R-Z GEOMETRY. 

220 GASP2 GASP2 CALCULATES THE ONE-
DIMENSIONAL D ISTRIBUTION OF F I S S I L E AND FERTILE MATERIALS IN A 
NUCLEAR REACTOR WHIOH WILL YIELD ANY DESIRED POWER DISTRIBUTION 
AND APPROXIMATELY RETAIN THIS DESIRED POWER CISTRIBUTION DURING 
THE BURNUP HISTORY OF THE REACTCR CCRE. A POISON AND POISON D I S 
TRIBUTION SEARCH FOR A DESIRED MULTIPLICATION AND MINIMUM POWER 
D ISTRIBUTION PERTURBATION CAN ALSC BE PERFORMED. 

* 
222 GAMBLE4/GAMBLES THE HOMOGENEOUS 2-DIMENSIONAL 

MULTIGROUP DIFFUSION THEORY EQUATIONS WITH ARBITRARY GRCUP-TO-
GROUP SCATTERING ANC ARBITRARY FISSION TRANSFER ARE SOLVED FOR 
HETEROGENEOUS ASSEMBLIES I N X-Y AND R-Z GEOMETRY. HOMOGENEOUS 
LOGARITHMIC BOUNDARY CONDITIONS ARE USED AT THE OUTER SURFACE CF 
THE ASSEMBLY AND AT THE SURFACE OF NON-CI FFUSION REGIONS. THE 
RESULTS INCLUDE THE GRCUP AND PCINT CEPENDENT NEUTRON FLUXES, THE 
POWER D I S T R I B U T I O N , THE NEUTRON MULTIPLICATION FACTOR ( K - E F F E C 
T I V E ) , ANO A DETAILED NEUTRON BALANCE. 

225 TEMCO TEMCO COMPUTES REACTCR 
TEMPERATURE COEFF IC IENTS. 
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241 HFN HFN SOLVES THE HOMOGENEOUS OR 
INHOMOGENEOUS ONE-DIMENSIONAL MLLTIGRCUP DIFFUSION EQUATION FCR IT 
LOWEST EIGENVALUE AND THE CORRESPONDING DIRECT ANO/OR ADJOINT 
EIGENVECTORS. INHOMOGENEOUS BOUNDARY CCNCITIONS AND A FLEXIBLE 
SCATTER-TRANSFER MATRIX STRUCTURE ARE INCLUDED. OPTIONAL CAL
CULATIONS INCLUDE CRIT ICALITY SEARCHES, CETECTCR ACTIVATION 
TRAVERSES, ANO INTEGRALS FOR PERTURBATION THEORY ANALYSIS. 

262 MACHl MACHl PERFORMS ONE-C IMENSlON
AL MULTIGROUP DIFFUSION SOLUTIONS AND ASSOCIATED CALCULATICNS, 
INCLUDING CRIT ICALITY SEARCHES, PERTURBATION, REACTION SUMMARY, 
BETA EFFECTIVE, GROUP COLLAPSING, AND POINTWISE REACTION RATES ANC 
RATIOS. SEVERAL CARD DUMPS CF COMPUTED DATA ARE AVAILABLE ON 
OPTION. 

264 VARI-0UIR3 THE STEADY-STATE, MULTIGROUP, 
TWO-DIMENSIONAL NEUTRON OIFFUSION EQUATIONS ARE SCLVED IN X -Y , 
R-Z , AND R-THETA GEOMETRY. 

270 CAESAR4/LIBLST CAESAR4 SOLVES THE CNE-
DIMENSIONAL, MULTIGROUP CIFFUSION EQUATIONS IN ANY OF THREE GEOME
TRIES AND PROVIDES A WIDE CHOICE OF BCUNDARY CONDITIONS, C R I T I 
CALITY SEARCHES, EDITS AND OTHER AUXILIARY COMPUTATIONS. 

287 BISYN BISYN SOLVES THE TWO-DIMEN
SIONAL MULTIGROUP NEUTRCN CIFFUSION EQUATIONS IN X-Y OR R-Z GEOME
TRY USING A NONITERATIVE SYNTHESIS METHCD. THIS APPROACH IS CE
SIGNED TO GREATLY REDUCE THE COMPUTER CCST OF RUNNING TWC-DIMEN-
SIONAL MULTIGRCUP PROBLEMS AT THE RISK CF SOME LOSS IN ACCURACY 
OF THE DETAILED FLUX D ISTRIBUTION. 

288 SNARG-ID THE PROGRAM IS DESIGNED TO 
SOLVE THE ONE-DIMENSIONAL NEUTRON TRANSPORT EQUATIONS. SNARG-ID 
IS WRITTEN FOR THE SOLUTION CF ONE-DIMENSIONAL PRCBLEMS USING THE 
ORDER N = 2 , 4 , 6 , 8 , 1 2 , 1 6 , OR 3 2 , AND APPLICABLE TO PLANE, 
CYLINDRICAL AND SPHERICAL GEOMETRIES. THE REAL OR ADJOINT SOLU
TION MAY BE CALCULATED AND HOMOGENEOUS OR INHOMOGENEOUS PROBLEMS 
MAY BE SOLVED. FOUR C R I T I C A L I T Y SEARCH OPTIONS ARE PROVIDED FOR 
WHIOH A FIXED KEFF OR ALPHA, INVERSE PERIOD, VALUE MAY BE SPECI
FIED RATHER THAN THE C R I T I C A L I T Y VALUE, KEFF = 1 . EITHER CF TWO 
INHOMOGENEOUS SOLUTIONS MAY EE OBTAINED (SHELL OR DISTRIBUTED 
SOURCE CALCULATIONS). LINEAR ANISOTROPIC COMPONENTS OF BOTH THE 
SHELL SOURCE ANO THE SCATTERING CROSS SECTICNS MAY EE INCLUCEC. 
FISSION SPECTRUM MATRICES ARE ALLOWED AS BOTH MATERIAL-DEPENDENT 
AND INCIDENT NEUTRON ENERGY-DEPENDENT FUNCTIONS. 
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304 PERT4 PERT4 COMPUTES REACTIVITY 
COEFFICIENT TRAVERSES IN X - Y , R-Z , OR R-THETA GEOMETRY USING THE 
FIRST-PPOER PERTURBATION ECUATICNS IN THE DIFFUSION APPROXIMATION. 
FLUX ANC ACJOINT INPUT CAN BE TAKEN DIRECTLY FROM 2 - 0 CALCULATICNS 
OR SYNTHESIZED FRCM RACIAL ANC AXIAL 1-C CALCULATIONS. THE COOE 
CAN ALSO RE USED TO COMPUTE ACTIV ITY TRAVERSES FOR ANY CRCSS SEC
TICN OF ANY MATERIAL, THE NEUTRON GENERATION T I M E , AND THE EFFEC
TIVE DELAYED NEUTRCN FRACTICN. 

312 TDSN THE L INEAR, T IME-INDEPENDENT, 
BOLTZMANN EQUATION I S SOLVED FOR THE ENERGY, SPACE, AND ANGULAR 
CFPENDENOE OF THE NEUTRON DISTRIBUTION IN ONE-DIMENSIONAL SLABS, 
CYLINDERS OR SPHERES OR IN TWO-C IMENSIONAL X-Y OR R-Z GEOMETRY. 
FIXED SOURCE OR MULTIPLICATION FACTOR (ADJCINT CR FLUX) PRCBLEMS 
ARE SOLVEC SUBJECT TO VACUUM, PLANE REFLECTIVE, ISOTROPIC REFLEC
TIVE OR 180 DEGREE ROTATIONALLY SYMMETRIC BOUNCARY CONDITICNS. A 
COMPLETE ENERGY TRANSFER SCATTERING MATRIX I S ALLOWED FOR EACH 
LEGENDRE COMPONENT OF SCATTERING CROSS SECTION MATRICES THROUGH 
P I . 

319 GASP7 GASP7 CALCULATES THE ONE D I 
MENSIONAL DISTRIBUTION OF F I S S I L E AND FERTILE MATERIALS IN A 
NUCLEAR REACTOR WHIOH WILL YIELD ANY CESIREC POWER DISTRIBUTION 
DURING THE BURNUP HISTORY CF THE REACTOR CCRE. A POISON ANC P O I 
SON DISTRIBUTION SEARCH FOR A DESIRED MULTIPLICATION AND MINIMUM 
POWER DISTRIBUTION PERTURBATION CAN ALSO BE PERFORMED. 

320 TEMC07 TE(JC07 COMPUTES REACTOR TEM
PERATURE COEFFIC IENTS. 

342 M0648 M0648 SOLVES THE ONE-0 IMEN-
SIONAL SLAB TRANSPORT PROBLEM WITH SLCWING DOWN FOR AN ARBITRARY 
SPATIAL EXTERNAL SOURCE AND ARBITRARY SCATTERING. 

35fl TWOTRAN TWOTRAN SOLVES 2-D I MENSICNAL 
PARTICLE TRANSPORT PRCBLEMS. SEPARATE VERSIONS ARE AVAILABLE IN 
X-Y AND R-Z GEOMETRIES AS WELL AS A GENERAL GECMETRY VERSICN IN 
X - Y , R - Z , ANC R-THETA GEOMETRIES. BOTH DIRECT ANO ADJOINT, HOMO
GENEOUS (KEFF OR PARAMETRIC EIGENVALUE SEARCHES) OR INHOMOGENEOUS 
T IME-INDEPENDENT PROBLEMS ARE SCLVED SUBJECT TO VACUUM, REFLEC
T I V E , OR INPUT SPECIF ICATION PF BOUNCARY FLUX CONDITIONS. BOTH 
ANISOTROPIC INHOMOGENEOUS PROBLEMS ANC GENERAL ANISOTROPIC SCAT
TERING PROBLEMS ARE TREATED. 



910 

C. STATIC DESIGN STUOIES 3 /72 

380 GATT GATT IS A THREE-DIMENSIONAL 
FEW-GROUP NEUTRON DIFFUSION THECRY PROGRAM FOR CALCULATING THE 
DETAILED SPATIAL FLUX AND POWER DISTRIBUTION FOR REACTORS WITH 
HEXAGCNAL CCRE CONFIGURATICN. THE PROGRAM USES A UNIFORM T R I 
ANGULAR MESH IN THE HCRIZONTAL MESH PLANES AND ASSUMES A RELA
TIVELY SIMPLE REGION STRUCTURE IN THE AXIAL DIRECTION. I T WAS 
DESIGNED TC REPRESENT THE SPECIAL PATCH-TYPE CORE STRUCTURE OF THE 
HTGR REACTOR AS CLOSELY AS POSSIBLE. 

398 BE21 BE21 SCLVES THE FEW-GROUP 
CISCRETE ORDINATES EQUATIONS IN SLAB GEOMETRY. EITHER HOMOGENEOUS 
OR INHOMOGENEOUS PRCBLEMS CAN BE SOLVEC. 

401 GAMTRI THE HOMOGENEOUS TWC-CIMEN-
SIONAL MULTIGROUP DIFFUSION THEORY EQUATIONS WITH ARBITRARY GROUP-
TC-GRCUP SCATTERING ANC ARBITRARY F ISSICN TRANSFER ARE SOLVED FOR 
HETEROGENEOUS ASSEMBLIES I N (UNIFORM MESH) TRIANGULAR GECMETRY. 
HOMCGENEOUS LOGARITHMIC BOUNDARY CONCITIONS ARE USED AT THE OUTER 
SURFACE OF NON-DIFFUSION REGIONS. THE RESULTS INCLUDE THE GROUP 
AND POINT-DEPENDENT NEUTRON FLUXES, THE POWER D I S T R I B U T I O N , THE 
NEUTRON MULTIPLICATION FACTOR, ANO A DETAILED NEUTRON BALANCE. 

430 GAZE2 GAZE2 I S A ONE-DIMENSIONAL, 
MULTIGROUP, NEUTRON OIFFUSION THEORY PRCGRAM. IT INCLUDES ALL 
FOUR OF THE STANDARD ONE-DIMENSICNAL GEOMETRIES - SLAB, SPHERE, 
RADIAL CYLINDER, ANC AXIAL CYLINDER, THE LAST OF WHICH IS I D E N T I 
CAL TO SLAB GEOMETRY EXCEPT WHEN THE ZOOM ALBEDO-TYPE TRANSVERSE 
BOUNDARY CONDITION IS USEO. 

450 KENO KENO I S A MULTIGROUP MONTE 
CARLO CRIT ICALITY CODE CONTAINING A SPEOIAL GEOMETRY PAOKAGE WHICH 
ALLOWS EASY DESCRIPTION OF SYSTEMS CCMPCSEO OF CYLINDERS, SPHERES, 
AND CUBOIDS (RECTANGULAR PARALLELEPIPEDS) ARRANGED IN ANY ORDER 
WITH CNLY ONE RESTRICTION (EACH GEOMETRICAL REGION MUST BE 
DESCRIBED AS COMPLETELY ENCLOSING ALL REGIONS INTERIOR TO I T ) . 
FOR SYSTEMS NOT DESCRIBABLE USING THIS SPECIAL GEOMETRY PACKAGE, 
THE PROGRAM CAN USE THE GENERALIZED GECMETRY PACKAGE (GEQMI 
DEVELOPED FOR THE 05R MONTE CARLO CODE. I T ALLOWS ANY SYSTEM THAT 
CAN BE DESCRIBED BY A COLLECTION OF PLANES AND/OR QUADRATIC 
SURFACES, ARBITRARILY ORIENTED ANO INTERSECTING IN ARBITRARY 
FASHION. RECTANGULAR ARRAYS OF F I S S I L E UNITS ARE ALLOWED WITH CR 
WITHOUT EXTERNAL REFLECTOR REGIONS. OUTPUT FROM KENO CONSISTS OF 
KEFF FOR THE SYSTEM PLUS AN ESTIMATE OF ITS STANDARD DEVIATION ANC 
THE LEAKAGE, ABSORPTION, AND FISSIONS FOR EACH ENERGY GROUP PLUS 
THE TOTALS FOR ALL GRCUPS. FLUX AS A FUNCTION OF ENERGY GROUP AND 
REGION ANO FISSION DENSITIES AS A FUNCTION OF REGICN ARE OPTIONAL 
OUTPUT. 
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459 D0T2DB D0T2DB SOLVES BOTH THE MULTI-
GROUP DISCRETE ORDINATES TRANSPOBT THEORY AND THE MULTIGROUP DIF
FUSION THEORY EQUATIONS IN TWO CIMENSIONS. ANISOTROPIC SCATTERING 
OF ANY ORDER LEGENDRE EXPANSION IS ALLOWED IN THE TRANSPORT THECRY 
CPTICN. ANISOTROPIC SCATTERING IN THE DIFFUSION THEORY OPTION IS 
TREATED WITH THE TRANSPCRT APPROXIMATION, USING THE PI SCATTERING 
MATRIX, WHEN PROVIDED, TO CALCULATE THE TRANSPCRT CRCSS SECTION. 
OPTIONS INCLUDE SOLUTIONS IN (X,YI, (R,ZI, (R,THETA), AND, IN THE 
DIFFUSION THEORY OPTION, TRIANGULAR GEOMETRIES. BOTH DIRECT AND 
ADJOINT FLUXES MAY BE COMPUTED FCR FIXED VCLUME-DISTRIBUTEC 
SCUPCE, MULTIPLICATION CCNSTANT ITERATION, TIME ABSORPTION ITERA
TION, CONCENTRATION SEARCH, ZONE THICKNESS SEARCH, AND FIXED 
BOUNCARY SOURCE PROBLEMS. IN ADDITION TO THE FIXED BOUNDARY 
SOURCE PRCBLEM, OPTIONS INCLUDE VACUUM, REFLECTION, PERIODIC ANO 
WHITE BOUNDARY CONDITIONS. CROSS SECTICNS MAY EE ENTERED FROM 
CARDS PR FROM TAPE IN THE DTF FORMAT. ACTIVITIES FOR ANY MATERIAL 
IN THE SYSTEM MAY BE OUTPUT EY INTERVAL (CPTIONAL) ANC ZONE. 
OTHER OUTPUT INCLUDES THE INTERVAL FLUXES AND SOURCES ANO A REAC
TICN SUMMARY TABLE FOR EACH ZONE ANO FOR THE SYSTEM. 
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55 AIMFIRE THIS PROGRAM WAS DESIGNED TO 
COMPARE THE COSTS OF VARIOUS FUEL CYCLES. THE PRCGRAM CONTAINS 
A LIBRARY OF FAST AND THERMAL MICROSCOPIC CROSS SECTIONS, DECAY 
CONSTANTS, AND FISSION YIELDS FOB 50 ISOTOPES. THE PRESENT 
VERSION IS USED TO INVESTIGATE THE ECONOMICS OF URANIUM FUEL SYS
TEMS. 

58 SIZZLE SIZZLE SCLVES THE ONE-CIMEN-
SIONAL, CR MULTIGROUP BURNUP PRCBLEM I N THE DIFFUSION THEORY 
APPROXIMATION FOR FAST INTERMEDIATE REACTCRS. AFTER THE I N I T I A L 
CALCULATION AT T=0 , AVERAGE CROSS SECTIONS ARE COMPUTED FOR FUR
THER CALCULATICNS USING ONE TO SIX ENERGY GROUPS. CR IT ICAL ITY 
MAY BE MAINTAINED BY USE OF A CONCENTRATION SEARCH. THE CONCEN
TRATION OF THE VARIOUS ISOTOPES IS PERMITTED TO VARY ONLY FROM 
REGION-TO-REGION. CHAINS INCLUDED ARE T H 2 3 2 , U 2 3 8 , ANO A F I S 
SION PRODUCT POISON CHAIN. 

99 OUO DIMENSIONAL BURNOUT (DDB) THE FIVE-GROUP, TWO-DIMEN
SIONAL, NEUTRON DIFFUSION EOUATIONS IN CYLINDRICAL GECMETRY ARE 
SOLVED WITH BURNOUT OPTIONS ANC CONTROL ROD SEARCH OPTIONS. 

117 FEVER FEVER PERFORMS ONE-OIMEN-
SIONAL FEW-GROUP DEPLETION CALCULATICNS. OPTIONS ARE AVAILABLE TO 
ADJUST CONTROL POISONS IN VARIOUS REGIONS OF THE REACTOR, SELF-
SHIELDING OF LUMPED POISONS, ANC TO CALCULATE HOT MAXIMUM AND COLD 
SHUT-DOWN MULTIPLICATION. 

134 NUCY THE CALCULATION OF NUCLIDE 
CONCENTRATIONS AT A POINT I N A REACTCR AT SUCCESSIVE TIME INTER
VALS, WITH EXPOSURE TO A TWC-GROUP NEUTRON FLUX. I N F I N I T E SYSTEM 
CRIT ICALITY I S CALCULATED. 
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146 NPRFCCP NUCLEAR FUEL CYCLE CCSTS IN 
OCLLARS PER YEAR ( » / Y R I , ANO IN MILLS PER KILOWATT-HOUR ( M I L L S / 
KWHRI ARE COMPUTED ANO TABULATED FCR EACH REGION OF A MULTIREGION 
REACTCR CORE, ON THE BASIS OF AEC-LEASED NUCLEAR FUEL MATERIAL AND 
CF PRIVATELY-OWNED NUCLEAR FUEL MATEPIAL. FUEL CYCLE COSTS ARE 
COMPUTED SEPARATELY FOR EACH REGICN OR ZONE, FCR CCRE DESIGNS OF 
ANY CONFIGURATION OR COMBINATION OF MATERIAL DEPLETION OR ENRICHED 
URANIUM FUEL OR OTHER SPECIAL NUCLEAR MATEPIAL. PRINTEC OUTPUT OF 
THE PROGRAM INCLUDES ( A ) DETAILED FUEL CYCLE CCSTS FOR EACH ZONE 
I N TABULAR FORM, FOR AEO-LEASEC AND PRIVATELY-OWNED NUCLEAR FUEL 
MATERIAL, RESPECTIVELY, (B ) A SUMMARY TABULATION CF NUCLEAR FUEL 
CCSTS FOR ALL REGIONS OF THE COMPLETE CORE, INCLUDING FIXED 
CHARGES CN WORKING CAPITAL REQUIRED FCR CORE FABRICATION AND FOR 
NUCLEAR FUEL MATERIAL, ( 0 ) A SLMMARY TABULATION CF CERTAIN 
COMPUTED PERFORMANCE AND ECONOMIC OATA, V I Z . , AVERAGE RESIDENCE 
T I M E , ANNUAL FUEL THROUGHPUT, UNIT ELECTRICAL ENERGV Y I E L D , ANNUAL 
POWER GENERATICN, AND COPE FABRICATION COSTS, AND ( 0 1 A TABULATION 
OF ALL INPUT DATA FOR ALL REGIONS. THE PRINTING OF OATA DESCRIBED 
IN (A) ANC (D) ABOVE IS OPTIONAL WITH PROGRAM USE. 

179 ISOTOPES THIS PROGRAM CAN BE USEO TO 
CALCULATE FOR ANY NEUTRON FLUX THE OPTIMUM TIME OF IRRADIATION 
FOR MAXIMUM Y I E L D , THE SPECIFIC ACTIV ITY OF THE PRODUCT ISOTOPE 
IN CURIES PER GRAM OF TARGET MATERIAL, AND THE COMBINED SPECIFIC 
ACTIV ITY OF THE TARGET AND PRODUCT ISOTOPES. THE PRODUCT ISOTOPE 
MAY BE PRODUCED BY ANY SIMPLE REACTICN SUCH AS (N,GAMMA), ( N , P ) , 
( N , 2 N ) , E T C . , OR IT MAY BE PRODUCED BY DECAY OF A PARENT ISOTOPE. 

180 ISOCRUNCH ISpCRUNCH CAN BE USEO TO 
COMPUTE THE AMOUNT OF EACH ISCTCPE IN A BEACTION ANC DECAY CHAIN 
FOB ANY SPECIFIEO NEUTRON FLUX AND T I M E , TO SUM THE CONTRIBUTIONS 
OF VARIOUS CHAINS TO THE SAME ISOTOPE, TO GRAPH ON AN ASSOCIATED 
ELECTROPLOTTER OR CALCOMP THE YIELO CF AN ISOTOPE VS . TIME FCR A 
GIVEN FLUX, AND TO F INC THE OPTIMUM TIME FOR MAXIMUM YIELD OF 
AN ISOTOPE I N A C H A I N . THE PRCGBAM GOES NCT TAKE INTO ACCOUNT 
THE SELF-SHIELDING OF A TARGET IN A REACTOR CR THE DEPENDENCE 
OF REACTION CROSS SECTICNS CN NEUTRON ENERGY WHICH CAN BE HANDLED 
BY ADJUSTING THE INPUT DATA. 

221 RELOAD FEVER A FEW-GROUP, 1-0 DEPLETION 
CALCULATION WHICH ALLOWS FUEL I N VARIOUS STAGES CF IRRADIATION TO 
BE HOMOGENIZED INTO THE SAME REGION FOR PURPOSES OF THE DIFFUSION 
CALCULATION BUT FCLLCWS THE CEPLETICN CF EACH OF THE SUB-REGIONS 
SEPARATELY. THE CALCULATICN MAY BE INTERRUPTED PERIODICALLY FOR 
REFUELING ONE CR MORE REGIONS. RECYCLING IS OPTIONAL AND THERE I S 
NO L I M I T TO THE NUMBER CF REFUELINGS WHICH MAY BE PERFORMED. A 
CONTROL POISON SEARCH I S AVAILABLE ANO CONCENTRATION DEPENDENT 
SELF-SHIELDING FACTORS MAY EE APPLIEC TO ONE LUMPED POISON. 
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223 REVISED GAD THIS I N F I N I T E - M E D I U M DEPLE
TION PROGRAM PERFORMS FUEL CYCLE CALCULATIONS ON REACTORS EMPLOY
ING PARTIAL REFUELING. THE BURN-UP OF UP TC 12 DISCRETE FUEL 
COMPOSITIONS (REGIONS OR STAGES OF IRRADIATION) MAY BE FOLLOWED 
SIMULTANEOUSLY. THE BURN-UP CALCULATION MAY BE INTERRUPTED 
PERIODICALLY TO REMOVE THE CONTENTS ANC TC REFUEL CNE OR MORE 
REGIONS. FUEL MAY BE PARTIALLY CR CCMPLETELY RECYCLED. 

224 WAMPUM THIS PROGRAM CALCULATES FUEL 
CYCLE COSTS ON A DETAILED BASIS, USING RESULTS OF NUCLEAR 
DEPLETION CALCULATIONS AND CERTAIN SPECIFIEC ECONOMICS 
ASSUMPTIONS. THE PURPOSE IS TC PROVIDE A MEASURE CF PERFCRMANCE 
FOR CCMPARING OR OPTIMIZING FUEL CYCLES AND ASSOCIATED REACTOR 
CORE AND FUEL ELEMENT CHARACTERISTICS. 

226 OPUS THE COCE GENERATES A FLOW 
NETWORK EQUIVALENT TO A GAS-COOLED NUCLEAR POWER PLANT CF 
SPECIFIED ELECTRICAL OUTPUT ( I N THE RANGE OF 100 TO IOOO MWI 
ACCORDING TO INPUT DATA AND PROGRAMMED RULES, PROCEEDS TO 
EVALUATE THE PLANT PERFORMANCE AND PRICE CF THE TURBOGENERATOR 
SET (ACCORDING TO GENERAL ELECTRIC PRICE DATAI , AND PRINTS AS 
A RESULT A CODED LIST OF ALL PLANT COMPONENTS AND A DETAILED 
PERFCRMANCE MAP. 

227 STMGEN STMGEN CAN BE USED IN A PLANT 
OPTIMIZATION PROGRAM. THIS CODE DETERMINES THE AREA OF EACH 
SECTION OF A STEAM GENERATOR REQUIREC TC SATISFY THE CESIGN 
CONDITIONS OF HEAT TRANSFER, PRESSURE DROP AND MAXIMUM TUBE 
TEMPERATURE CONSTRAINTS. THE CCST OF THE GENERATOR IS COMPUTED AS 
A FUNCTION OF THE TOTAL HEAT TRANSFER AREA, THE NON-PRODUCTIVE 
TUBE LENGTH REQUIREC TO CONNECT THE HEADERS, PLUS THE CCST CF THE 
HEADERS. 

231 RAD2 THIS PROGRAM CALCULATES 
THE FISSION PRODUCT ACTIVITY DISTRIBUTIONS IN A HIGH TEMPERATURE 
GAS-CCOLED REACTOR SYSTEM. 

240 ASSAULT MULTIGROUP,TWO-CIMENS ICNAL 
REACTOR CEPLETION. GIVEN NUCLIDE CONCENTRATIONS AND MICROSCOPIC 
CROSS SECTIONS, THE STEADY-STATE MULTIREGION, MULTIGROUP 
OIFFUSION EQUATIONS ARE SOLVED IN ONE OR TWO DIMENSIONS OVER A 
FINITE-DIFFERENCE SYSTEM DF MESH POINTS. THE CALCULATED NEUTRON 
FLUXES ARE THEN USED TO DETERMINE NUCLIDE CONCENTRATIONS AFTER A 
SPECIFIEC PERIOD OF EXPOSURE. THESE CALCULATIONS ARE REPEATED 
FOR A SPECIFIED NUMBER CF T IME-STEPS. 
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2 6 0 GARGOYLE GARGOYLE I S AN I N F I N I T E -
M E D I U M D E P L E T I O N CODE FOR FUEL CYCLE C A L C U L A T I O N S ON REACTORS 
E M P L O Y I N G P A R T I A L R E F U E L I N G . THE BURNUP OF UP TO 1 2 C I S C R E T E FUEL 
C O M P O S I T I C N S ( R E G I O N S OR STAGES CF I R R A D I A T I O N ) MAY BE FOLLCWED 
S I M U L T A N E O U S L Y . T H F RURNUP C A L C U L A T I O N MAY BE I N T E R R U P T E D P E R I 
O D I C A L L Y TO REMOVE THE C O N T E N T S CF AND TC REFUEL ONE CR MORE 
R F G I O N S . FUEL MAY BE C O M P L E T E L Y OR P A R T I A L L Y R E C Y C L E D . A CONTROL 
P O I S C N SEARCH MAY BE PERFORMEC AT EACH T I M E - S T E P . FEEC FUEL 
SEARCHES ARE P E R M I T T E D AT THE END CF EACH BURNUP CYCLE BEFORE 
R E F U E L I N G . C O N C E N T R A T I O N CEFENCENT S E L F - S H I E L D I N G FACTORS MAY BE 
A P P L I E D TO ANY N U C L I D E EXCEPT M O D E R A T O R S . THE N U C L I D E SCHEME 
E M P L O Y E D , ALTHOUGH NOT C O M P L E T E L Y G E N E R A L , I S F L E X I B L E . 

2 6 9 D T F - B U R N O T F - B U R N I S A C N E - C I M E N -
S I O N A L , M U L T I G R O U P BURNUP COOE BASED ON TRANSPORT T H E O R Y . A O I F 
F F R E N T TYPE OF E I G E N V A L U E C A L C U L A T I O N ( M U L T I P L I C A T I O N , P E R I O D , 
N U C L I D F C O N C E N T R A T I O N , ZONE T H I C K N E S S , OR SYSTEM D I M E N S I C N I CAN 
RF PEPFCPMED AT THE B E G I N N I N G OF EACH OF A S P E C I F I E D SET OF T I M E -
S T E P S . T H I S FEATURE P E R M I T S THE S I M U L A T I O N , I N A S I N G L E PRCBLEM 
R U N , OF A SYSTEM I N W H I C H V A R I O U S CCNTROL METHODS ARE USED AS A 
F U N C T I O N OF T I M E . THE C O N C E N T R A T I O N CF THE V A R I O U S N U C L I D E S I S 
P E R M I T T E D TO VARY FROM REG I C N - T O - R E G I C N OR PC I N T - B Y - P C I N T . 
N U C L I D E S C O N S I D E R E D ARE U 2 3 S , U 2 3 6 , U 2 3 8 , N P 2 3 9 , P U 2 3 9 , P U 2 4 0 , 
P U 2 4 1 , P U 2 4 2 , AND F P , A PSEUCO F I S S I C N PRODUCT P A I R . 

2 7 5 PDC7 PDC7 SOLVES FEW-GROUP NEUTRON 
D I F F U S I O N - D E P L E T I O N PROBLEMS I N C N E , TWO, AND THREE D I M E N S I C N S . 
A D J C I N T S O L U T I O N S ARE ALSO A V A I L A B L E AND TWO O V E R L A P P I N G THERMAL 
GRCUPS MAY BE USED I N ONE ANC T W O - D I M E N S I O N A L P R O B L E M S . E I T H E R 
P O I N T W I S E OR R E G I O N W I S E D E P L E T I O N MAY BE PERFORMEC U S I N G THE H A R 
MCNY O F P L E T I O N S Y S T E M . THE GEOMETRY MAY BE R E C T A N G U L A R , C Y L I N D R I 
C A L , OR S P H E R I C A L I N ONE D I M E N S I O N , R E C T A N G U L A R , C Y L I N C R I C A L , OR 
HEXAGONAL I N TWO D I M E N S I O N S , AND RECTANGULAR CR HEXAGONAL I N THREE 
D I M E N S I O N S . ALL G E O M E T R I E S P R O V I D E FOR V A R I A B L E MESH S P A C I N G I N 
ALL D I M E N S I O N S . ZERO F L U X , ZERC C U R R E N T , AND R C T A T I O N A L SYMMETRY 
BOUNDARY C O N D I T I O N S ARE A V A I L A B L E , AND BCUNDARY VALUE PROBLEMS MAY 
BE SOLVEC PY S P E C I F Y I N G THE FLUX V A L U E S ON ONE OR MORE B O U N D A R I E S . 
THE B E T T I S R E V I S E D PDQ7 MAY BE USED TO ALSO SOLVE A C D I T I V E F A S T -
SOURCE AND S I M P L I F I E D PL PROBLEMS AS WELL AS THE T H R E E - D I M E N S I O N A L 
S Y N T H E S I S E I G E N V A L U E P R O B L E M . CCNTROL S E A R C H E S , THERMAL F E E D B A C K , 
AND XENON FEEDBACK ARE C P T I O N A L . 
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3 0 1 FREVAP6 THE FREVAP T Y P E OF CODE FOR 
E S T I M A T I N G THE R E L E A S E OF L O N G E R - L I V E D M E T A L L I C F I S S I C N PRCOUCTS 
FPPM HTGR FUEL ELEMENTS HAS BEEN CEVELPPEO TO TAKE INTO ACCOUNT 
THF COMBINED E F F E C T S PE THE R E T E N T I O N CF M E T A L L I C F I S S I O N PRODUCTS 
BY FUEL P A R T I C L E S ANC THE RATHER STRONG A B S O R P T I O N OF THESE F I S 
S I O N PRODUCTS BY THE G R A P H I T E CF THE FUEL E L E M E N T S . R E L E A S E CALCU 
C A T I O N S ARE MADF ON THE B A S I S THAT THE LOSS CF F I S S I C N PRCCUCT N U 
C L I C E S SUCH AS GF S T R O N T I U M . C E S I U M , AND B A R I U M I S D E T E R M I N E D BY 
T H F I R E V A P O R A T I O N FROM THF G R A P H I T E SURFACES ANC T H E I R T R A N S P I R A 
T I O N INDUCED BY THE FLOWING H E L I U M C C C L A N T . THE CCDE I S D E V I S E D 
SO THAT CHANGES OF F I S S I O N RATE ( F U E L ELEMENT P O W E R ) , FUEL T E M 
P E R A T U R E . AND G R A P H I T E TEMPERATURE MAY BE INCORPORATED I N T O THE 
C A L C U L A T I O N . TEMPERATURE I S Q U I T E IMPCRTANT I N D E T E R M I N I N G 
RELEASE BECAUSE. I N G E N E R A L , BOTH RELEASE FROM FUEL P A R T I C L E S AND 
LOSS RY E V A P O R A T I O N ( T R A N S P IRAT I C N ) VARY E X P O N E N T I A L L Y W I T H THE 
RECIPROCAL PF THE ARSOLUTE T E M P E R A T U R E . 

3 0 2 GAFFE A Z E R O - C I M E N S I C N A L C A L C U L A 
T I C N OE FEED FUEL R E Q U I R E M E N T S IS PERFORMED TO PRODUCE A S P E C I F I E O 
END OF CYCLE M U L T I P L I C A T I O N FACTOR FOR THE E Q U I L I B R I U M FUEL C Y C L E , 
G I V E N FEED C O M P O S I T I O N , LENGTH CF CYCLE AND REACTCR PCWER. I T IS 
ALTERNATELY P O S S I B L E TO COMPUTE CYCLE LENGTH OR FEED E N R I C H M E N T . 
THE CODE I S A SURVEY TOOL WHICH ASSUMES P E R I O D I C R E F U E L I N G AND 
P E R M I T S COMPLETE OR P A R T I A L R E C Y C L I N G CF M A T E R I A L S . THE S E G R E -
GATEC FUFL CONCEPT CAN BE HANDLED W I T H I N THE FRAMEWORK OF THE C A L 
C U L A T I O N . 

3 1 3 C I N D E R ( M 0 1 0 2 ) C I N D E R I S A F O U R - G R O U P , C N E -
P O I N T D E P L E T I O N AND F I S S I O N PRODUCT PROGRAM BASED ON THE E V A L U A 
T I O N OF A GENERAL A N A L Y T I C A L S O L U T I O N OF N U C L I C E S COUPLED I N ANY 
L I N E A R SEQUENCE OF R A D I O A C T I V E DECAYS AND NEUTRON A B S O R P T I O N S I N A 
S P E C I F I E D NEUTRON FLUX S P E C T R U M . THE C E S I R E O D E P L E T I O N AND F I S 
S ION PRODUCT C H A I N S AND ALL P H Y S I C A L DATA ARE S P E C I F I E D BY THE 
PROBLEM O R I G I N A T O R . THE PROGRAM COMPUTES I N D I V I D U A L N U C L I D E NUM
BER D E N S I T I E S , A C T I V I T I E S , N I N E ENERGY-GROUP D I S I N T E G R A T I O N R A T E S , 
AND MACROSCOPIC AND B A R N S / F I S S I O N P O I S O N S AT EACH T I M E - S T E P AS 
WELL AS SELECTED SUMMARIES OF THESE D A T A . 

^ l ' * '^* ' ' NAP C A L C U L A T E S THE SPECTRUM 
AND S P A T I A L D I S T R I B U T I O N I N ONE C I M E N S I O N OF A C T I V A T I O N GAMMA RAYS 
FOLLOWING NEUTRON I R R A D I A T I O N . 



9 1 7 

D . D E P L E T I O N , FUEL M A N A G E M E N T , COST A N A L Y S I S , ANO i / 7 2 
REACTOR E C O N O M I C S 

3 1 f l F F V E R 7 F E V E R 7 PERFORMS A M U L T I G R O U P , 
1 - O I M E N S I O N A L O E P L E T I C N C A L C U L A T I O N WHICH ALLCWS FUEL I N V A R I O U S 
STAGES OF I R R A D I A T I O N TO BE H O M O G E N I Z E D I N T O THE SAME R E G I O N FOR 
PURPOSES OF THE C I F F U S I O N C A L C U L A T I O N PUT FOLLOWS THE C E P L E T I O N 
OF EACH OF THE S U B R E G I O N S S E P A R A T E L Y . THE C A L C U L A T I C N MAY BE 
I N T E R R U P T E D P E R I O C I C A L L Y FOR R E F U E L I N G ONE OR MORE R E G I O N S . 
R E C Y C L I N G I S O P T I O N A L AND THERE IS NC L I M I T TC THE NUMBER OF 
R E F U E L I N G S W H I C H MAY BE P F R F C R M E O . A CONTROL P O I S O N SEARCH I S 
A V A I L A B L E AND C O N C E N T R A T I O N CEPENCENT S E L F - S H I E L D I N G FACTORS MAY 
BE A P P L I E D TO A NUMBER OF LUMPEC P C I S C N S . 

3 2 2 I S O S E A R C H T H E PROGRAM WAS DEVELOPED TO 
C A L C U L A T F THE UNKNOWN R E A C T I O N CROSS S E C T I O N , FLUX V A L U E , OR 
PPOCUCT A C T I V I T Y I N AN I S O T O P E - P R O D U C T ION SCHEME C O N S I S T I N G OF TWO 
OR THREE N U C L I D E S . 

3 2 5 2DR 2 0 8 IS A F L E X I B L E , T W O - D I M E N 
S I O N A L ( X - Y , R - Z , R - T H E T A , HEX G E C M E T R Y ) D I F F U S I C N COCE FCR USE 
I N FAST REACTOR A N A L Y S E S . THE CODE CAN BE USED TO -

( A l COMPUTE F U E L BURNUP U S I N G A F L E X I B L E M A T E R I A L S H U F F L I N G 
S C H E M E , 

( P ) PERFORM C R I T I C A L I T Y SEARCHES ON T I M E A B S O R P T I O N ( A L P H A ) , 
M A T F R I A L C O N C E N T R A T I O N S , AND R E G I C N C I M E N S I O N S U S I N G A 
REGULAR OR A D J O I N T MODEL. C R I T I C A L I T Y SEARCHES CAN BE 
PERFORMED D U R I N G RURNUP TO COMPENSATE FOR FUEL D E P L E T I O N , 

( C ) COMPUTE F L U X D I S T R I B U T I O N S FOR AN A R B I T R A R Y EXTRANEOUS 
S O U R C E . 

3 3 6 P D 0 5 THE FEW-GROUP T w C - C I M E N S I C N A L 
NEUTRON O I F F U S I O N E Q U A T I O N S ARE S O L V E C . UP TO F I V E GROUPS MAY BE 
USED W I T H S C A T T E R I N G ALLOWED BETWEEN ACJACENT G R O U P S . I N A D D I 
T I O N , O E P L E T I C N PROBLEMS MAY BE SOLVED W I T H P D Q S . 

3 3 9 GAUGE THE T W O - D I M E N S I O N A L FEW-GROUP 
NEUTRON D I F F U S I O N THECRY E Q U A T I O N S FOR A U N I F O R M T R I A N G U L A R MESH 
ARF SOLVED TO O B T A I N THE M U L T I P L I C A T I O N FACTCR ANC THE S P A T I A L 
FLUX ANO POWER D I S T R I R U T I O N OF REACTORS W I T H HEXAGONAL CORE C O N F I 
G U R A T I O N . COMPLETE REACTOR L I F E H I S T O R I E S W I T H P A R T I A L R E F U E L 
L I N G AT A NUMBER OF RELOAD T I M E P O I N T S CAN BE C A L O U L A T E C . AT EACH 
D I S C P E T E T I M E P O I N T A CONTROL ROD SEARCH MAY BE PERFORMED TC M A I N 
T A I N C R I T I C A L I T Y AT ALL T I M E S . THE C E P L E T I C N SCHEME OF ALL B U R N 
ABLE N U C L I D E S I S S P E C I F I E D RY THE USER AT E X E C U T I O N T I M E . THREE 
MOOES OF O P E R A T I O N ARE P O S S I B L E - ( 1 1 S T R A I G H T BURNLP C A L C U L A T I O N , 
( 2 ) CONTROL ROO C R I T I C A L I T Y S E A R C H , A L L C W I N G THE ACJUSTMENT OF A 
NUMBER OF CPNTROL RPD BANKS A C C O R D I N G TO A P R E S C R I B E D RCD S E Q U E N C 
I N G S C H E M E , AND ( 3 ) A S E R I E S OF S T A T I C C A L C U L A T I O N S W I T H I N S E R T I O N 

OF RODS I N T O F I X E D P R E S C R I B E D P O S I T I O N S . 
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340 POWERCO POWERCO CALCULATES THE COST 
OF ELECTRICITY PRODUCED BY NUCLEAR PCWER STATIONS. ASSUMING ALL 
CASH EXPENSES SUCH AS INVESTMENT AND FUEL CCSTS, OPERATING 
EXPENSES, ANC TAXES ARE KNOWN. THE POWER COST IS HELD CONSTANT 
THROUGHOUT THE PROJECT LIFE. 

354 CINCAS CINCAS IS A NUCLEAR FUEL 
CYCLE COST CODE WHICH MAY BE USED FCR EITHER ENGINEERING ECONOMY 
PREDICTIONS OF FUEL CYCLE COSTS OR FOR ACCOUNTING FORECASTING OF 
SUCH COSTS. FEATURES CF CINCAS INCLUDE -

(1) MONTHLY CALCULATION OF DOLLAR COSTS ANC MASS INVENTORY CN 
A BATCH AND CASE BASIS FOR EACH MONTH OF A PERIOD WHICH IS 
USUALLY DEFINED AS (BUT NOT RESTRICTEC TO) BEGINNING WITH 
THE DELIVERY OF FUEL TO THE REACTOR SITE AND ENDING WITH 
THE WITHDRAWAL CF FUEL FROM THE REACTOR. 

(2) A GENERAL FORMULA FOR THE UNIT PRICE OF ENRICHEC URANIUM 
WHICH ALLOWS FOR VARIABLE FEED ANO TAILS ENRICHMENTS, 
COSTS OF FEEC, CHEMICAL CONVERSION, SEPARATIVE WORK, AND 
LOSSES IN CONVERSION AND FABRICATICN. 

367 ISOGEN ISOGEN CALCULATES RADIOISO
TOPE GENERATION ANO CECAY, USING TWO-GROUP NEUTRON CROSS SECTIONS. 

372 RAPFU RAPFU CALCULATES EQUILIBRIUM 
FUEL CYCLE ISOTOPICS IN FAST BREEDER REACTORS. THE RECYCLED PLU
TONIUM IS PERMITTED TO HAVE DIFFERENT ISOTOPIC COMPCSITIONS IN 
TWC DIFFERENT CCRE ZONES, ANC SEVERAL RECYCLE SCHEMES ARE AVAIL
ABLE AS OPTIONS. OUTPUT OATA INCLUDES THE INITIAL, AVERAGE, AND 
DISOHARGEC FUEL ISOTOPIC CONCENTRATIONS FOR EACH REGICN OF THE 
CORE ZONES AND THE BLANKETS, RREEDING RATIO, DOUBLING TIME, AND 
(OPTIONALLY) FUEL COSTS CALCULATED USING SIMPLIFIEC RELATIONSHIPS. 

418 CHAINS CHAINS COMPUTES THE ATOM DEN
SITY CF MEMBERS OF A SINGLE RADIOACTIVE DECAY CHAIN. THE LINE
ARITY PF THE PATEMAN ECUATICNS ALLOWS TRACING OF INTERCONNECTING 
CHAINS BY MANUALLY ACCUMULATING RESULTS FRCM SEPARATE CALCULATIONS 
OF SINGLE CHAINS. RE-ENTRANT LOOPS CAN BE TREATED AS EXTENSIONS 
OF A SINGLE CHAIN. LCSSES FROM THE CHAIN ARE ALSO TALLIED. 

423 DPS DOS COMPUTES THE LOCAL NEU
TRON FLUX PER REFERENCE REACTOR POWER LEVEL WHICH WILL PRODUCE THE 
MEASURED ACTIVITY OF A DOSIMETER. ALTERNATIVELY, IF THE FLUX 
VALUE IS SUPPLIED, THE CORRESPCNCING CCSIMETER ACTIVITY WILL BE 
CALCULATED. 
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4 2 7 FARED FARED CONTAINS AN INTERNAL 
CROSS SECTION AVERAGING ROUTINE WHICH IS RESPONSIBLE FOR PREPARING 
BROAC GROUP CROSS SECTION SETS FOR VARIOUS MATERIAL REGIONS OF THE 
REACTPR. THE CROSS SECTION AVERAGING IS PERFORMED IN PROGRAM 
REGA, WHICH COMPUTES A B l FLUX AND CURRENT IN UP TC 20 REACTOR 
BLOCK COMPCSITIONS FOR USE AS WEIGHTING FUNCTIONS I N THE CROSS 
SECTICN CCLLAPSING CALCULATION. A HOMOGENEOUS OR HETEROGENEOUS 
RESOLVED AND UNRESOLVED RESONANCE TREATMENT IS PROVIDED TC GOMPuTE 
EFFECTIVE MICROGROUP RESCNANCE CROSS SECTIONS FOR THE BLOCK M I X 
TURE OR UP TO 2 CELL TYPES PER BLOCK. REAL ANC ACJCINT FLUX C I S -
TRIBUTIPNS ARE CALCULATED FOR CNE-DIMENSIONAL SLAB, CYL INDRICAL , 
OR SPHERICAL GEOMETRIES. THE REAL FLUXES ARE NORMALIZED TO YIELO 
DESIRED TPTAL REACTOR POWER. C R I T I C A L I T Y SEARCHES MAY BE PER
FORMED ON THE REACTOR CIMENSION, TRANSVERSE BUCKLING CR ZONE CCM
POSIT IONS. ENRICHMENT SEARCHES MAY EE PERFORMED TO YIELO DESIRED 
RATIOS OF MAXIMUM (OR AVERAGE) POWER DENSITIES IN SEVERAL ZONES. 
ZONEWISE DEPLETION IS CALCULATED EITHER FOR A GIVEN TIME PERIOD 
OR UNTIL SPECIFIED C R I T I C A L I T Y , BURNUP OR NUOLICE CONCENTRATIONS 
APE S A T I S F I E D . FLEXIRLE FUEL MANAGEMENT IS AVAILABLE PERMITTING 
SPECIFIED MATEPIAL UNITS TC EE MOVEC INTO, OUT OF OR SHUFFLED 
WITHIN THE REACTOR. A WIDE VARIETY CF ECITS MAY EE PERFORMED, 
INCLUDING PERTURBATION AND K INETIC PARAMETERS CALCULATICNS. 

438 BUG2 THE 2 - D I MENSICNAL MULTIGRCUP 
NEUTRON DIFFUSION THECRY EQUATIONS FOR X-Y OR R-Z GEOMETRY ARE 
SOLVED TO OBTAIN THE MULTIPLICATION FACTOR ANC THE SPATIAL FLUX 
ANO PPWER D I S T R I B U T I O N S . COMPLETE REACTOR L IFE HISTORIES WITH 
PARTIAL REFUELING AT A NUMBER CF RELOAC POINTS CAN EE CALCULATED. 
THE DFPLETION SCHEME OF ALL BURNABLE NLOLIOES IS SPECIFIEC EY THE 
USFR AT EXECUTION T I M E . A REGIONWIDE DEPLETION SCHEME IS USED. 
CPNCFNTRATION DEPENDENT SELF-SHIELDING FACTORS MAY EE APPLIED TO 
ANY N U C L I D E . 

439 RUGTRI THE 2 - C I MENSICNAL MULTIGROUP 
NFUTPON DIFFUSION THEORY EOUATIONS FOR TRIANGULAR GEOMETRY ARE 
SOLVED TC ORTAIN THE MULTIPLICATION FACTOR AND THE SPATIAL FLUX 
ANP PPWER D I S T R I R U T I O N S . COMPLETE REACTCR L IFE HISTORIES WITH 
PARTIAL REFUELING AT A NUMRER OF RELOAD TIME POINTS CAN BE CALCU
LATED. THE DEPLETION SCHEME OF ALL BUBNAPLE NUCLICES IS SPECIFIED 
RY THE USER AT EXECUTION T I M E . A REGIONWISE DEPLETION SCHEME IS 
USED. CONCENTRATION DEPENDENT SELF-SHIELOING FACTORS MAY EE 
APPL lED TO ANY N U C L I D E . 

4 4 1 PWCOST PWCOST IS USEC TC CALCULATE 
NUCLEAR REACTOR FUEL CYCLE COSTS. INPUT FOR ALL COMPCNENTS OF THE 
FUEL CYCLE ARF TIME-DEPENDENT. WORKING CAPITAL CHAFGE RATES MAY 
BE SPECIF IED SEPARATELY FOR IN-CORE ANC OUT-OF-CORE TIME PERIODS. 



920 

D . D E P L E T I O N , FUEL MANAGEMENT, COST A N A L Y S I S , AND 3 / 7 2 

REACTPR ECONOMICS 

4 5 4 P H E N I X P H E N I X I S A T W O - D I M E N S I O N A L . 
M U L T I G R O U P , D I F F U S I P N - B U R N U P - R E F U E L I N G CODE FOR USE W I T H F A S T 
REACTORS. THE CODF I S C E S I G N E D P R I M A R I L Y FCR F U E L - C Y C L E A N A 
L Y S I S OF FAST REACTORS ANO CAN BE USED TC C A L C U L A T E THE D E T A I L E D 
RURNUP ANC R E F U E L I N G H I S T O R Y CF FAST BREECER REACTOR CONCEPTS 
H A V I N G ANY G E N E R A L I Z E D F R A C T I O N A L BATCH R E L O A D I N G S C H E M E . E I T H E R 
ORDINARY KEFF C A L C U L A T I O N S OR SEARCHES ON M A T E R I A L C O N C E N T R A T I O N 
OR REGION D I M E N S I C N S CAN BE PERFORMEC AT ANY T I M E D U R I N G THE 
BURNUP H I S T O R Y . THE COMPLETE FUEL CYCLE H I S T O R Y CAN BE CALCULATED 
I N CNE PUN, OR THE I N D I V I D U A L BURNUP I N T E R V A L S CAN BE TREATED 
SEPARATELY. THE R E F U E L I N G O P T I O N OF T H E CCDE ACCOUNTS FOR THE 
S P A T I A L ELUX S H I F T S OVER THE REACTOR L I F E T I M E I N THE C A L C U L A T I C N 
OF EUEL D I S C H A R G E . 

4 5 6 D B U F I T I D 8 L F T I 1 I S D E S I G N E D TC E X 
TRACT I N T E G R A L CROSS S E C T I O N I N F O R M A T I C N FROM I S O T O P I C BURNUP 
O A T A . T H I S I N F O R M A T I O N I S O B T A I N E D BY F I T T I N G BURNUP E Q U A T I O N S TO 
THF I S O T O P I C DATA U S I N G L E A S T SQUARES F I T T I N G T E C H N I Q U E S . 
BURNUP EQUATIONS FOR THE FOLLOWING T R A N S M U T A T I O N C H A I N S HAVE BEEN 
PROGRAMMEC - P U 2 3 9 TO P U 2 4 2 . U 2 3 8 TO P U 2 4 2 . P U 2 4 2 TO C M 2 4 4 ANO 
U 2 3 5 TP P U 2 3 8 . 

4 6 3 3DDT 3 0 D T I S A T H R E E - D I M E N S I O N A L 
( X - Y - Z PR R - T H E T A - Z ) MULT IGROUP D I F F U S I O N THEORY CODE FCR USE I N 
FAST REACTCR A N A L Y S I S . THE CCCE CAN BE USEC TO COMPUTE K E F F OR 
TO PERFORM C R I T I C A L I T Y SEARCHES CN REACTOR C O M P O S I T I O N . T I M E A B 
S O R P T I O N , AND REACTPR D I M E N S I O N S BY E I T H E R THE REGULAR OR THE A D 
J P I N T FLUX E Q U A T I O N S . M A T E R I A L BURNUP AND F I S S I O N PRODUCT B U I L D 
UP CAN BE COMPUTED FOR S P E C I F I E O T I M E I N T E R V A L S . AND C R I T I C A L I T Y 
SEARCHES CAN BE PERFORMED CURING BURNUP TO COMPENSATE FOR FUEL 
D E P L E T I O N AND F I S S I C N PRODLOT GROWTH. 

4 7 7 3 D X T / D E P 3 THESE TWO COCES WERE 
DEVELOPED FOR USE W I T H D E T A I L E D REACTOR P H Y S I C S C A L C U L A T I C N S TQ 
O B T A I N 3 - D I M E N S I O N A L XENCN T R A N S I E N T ( 3 D X T ) AND D E P L E T I O N ( 0 E P 3 ) 
C A L C U L A T I O N S . THEY ARE WELL S U I T E D FCR SURVEY S T U C I E S AND BECAUSE 
THEY INCORPORATE T H R E E - D I M E N S I O N A L E F F E C T S W I T H THERMAL FEEDBACK 
AND ROD SEARCH C A P A B I L I T I E S , ARE USEFUL FOR A S S E S S I N G S I T U A T I O N S 
SUCH AS ROD M I S A L I G N M E N T S OR FUEL L O A D I N G AND CCOLANT FLOW ASYMME
T R I E S W H I C H ARE T I M E - C O N S U M I N G AND OFTEN I M P O S S I B L E TO DETECT WITH 
D E T A I L E D 1 - CR 2 - D I M E N S I C N A L C C D E S . 
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480 FUMBLE FUMBLE COMPUTES THE FUEL 
BURNUP IN RFACTOR OPERATIONS. THIS INCLUDES THE EVALUATION OF 
REACTIVITY EFFECTS, BREEDING (OR DEPLETIONI AND INVENTORIES OF 
FUEL, ANC FUEL COSTS FOR CHANGING ECONOMIC CONDITIONS ANO 
SUPPLIED FUEL COMPOSITIONS THROUGHOUT THE REACTOR LIFETIME (OR FOR 
AS MANY REFUELING OPERATING INTERVALS AS DESIRED). CCNSIDERA6LE 
FLEXIRILITY IS ALLOWED IN THE SPECIFICATIONS OF REACTOR REFUELING, 
INCLUDING FUEL CCMPOSITIONS FOR THE STARTUP REACTCR, RECYCLE 
SCHEMES AND FISSILE MAKEUP COMPCSITIONS FOR SUBSEQUENT CORE 
LOADINGS, AMOUNTS OF FUEL TO EE REPLACEC IN DIFFERENT POSITIONS OF 
THF REACTPR AT ANY REFUELING, ANC SHUFFLING OF FUEL FRCM CNE PART 
CF THE REACTOR TO ANOTHER OR TEMPORARILY STORING FUEL DISCHAPGED 
FROM THE REACTCR FOR LATER ACDITIONAL BURNUP. THE REFUELING SPE
CIFICATIONS MAY BE CHANGED FROM CNE REFUELING CPERATING INTERVAL 
TC ANOTHER, AS WELL AS OPERATING INTERVAL TIME, POWER RATING, ANO 
LOAD FACTOR. FUEL COSTS MAY PE EVALUATED FOR SEVERAL CIFFERENT 
SFTS OE COST INPUT DATA (DIFFERENT ECCNCMIO ASSUMPTIONS) ANC MAY 
RE EASFD CN NET COSTS ACCRUEC ANC ENERGY PROCUCED BY SPENT FUEL 
BATCHES AND/OR ON NET COSTS INCURRED FOB ALL FUEL HELC ANC ENERGY 
PRODUCED BY THE ENTIRE REACTCR FOR EACH OPERATING INTERVAL. 

495 SYN SYN CONTAINS TWO MAJOR 
SEGMENTS, BISYN AND BICYCL. THE BISYN SEGMENT SOLVES THE TWO-
DIMENSIPNAL MULTIGRCUP NEUTRON DIFFUSICN THEORY EQUATIONS IN 
R.Z PR X,Y GEOMETRY USING A NONITERATIVE SYNTHESIS METHCD. THIS 
APPROACH IS CESIGNED TO GREATLY REDUCE THE COMPUTER COST OF 
RUNNING TWO-DIMENSIONAL MULTIGROUP PROBLEMS AT THE RISK OF SOME 
LOSS IN ACCURACY OF THE DETAILED FLUX DISTRIBUTION. THIS 
SEGMENT ALSO CONTAINS A PERTUREATION ANC EFFECTIVE DELAYED 
NEUTRON FRACTION CALCULATION. . 

THE BICYCL SEGMENT USES OUTPUT FROM BISYN TO SOLVE THE CNE-
GROUP NEUTRON DEPLETION EQUATIONS. BICYCL ALLOWS THE USER TO 
SEARCH PN MAKEUP OR RECYCLE ISOTOPIC COMPOSITIONS FCR A FIRST 
CYCLE OF A FIRST CORE OR FCR EQUILIBRIUM CONCENTRATIONS. IT ALSO 
HAS PROVISIONS FOR FUEL SHUFFLING ANC THE OPTION TO CYCLE BACK TO 
BISYN IN ORDER TO UPDATE THE FLUXES, ONE-GROUP CRCSS SECTIONS, 
ETC. 

498 CONCEPT THE COOE GENERATES A CAPITAL 
COST ESTIMATE FOR A PWR NUCLEAB POWER PLANT OF SPECIFIEC 
ELECTRICAL OUTPUT (IN THE RANGE OF 300 TC 2000 MWE) FOR ANY OF 
TWENTY U.S. CITIES ANC PRINTS AS A RESULT A DETAILED COST 
BREAKDOWN ACCORDING TO THE CCDE OF ACCCUNTS SUGGESTED IN USAEC 
REPCRT NUS-531. 
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1 2 1 A I R E K 3 A I R E K 3 F I N C S THE N U M E R I C A L 
S O L U T I O N TO THE SPACE I N D E P E N D E N T REACTOR K I N E T I C S E Q U A T I O N S 
BASED ON THE METHOD CEVELOPEC BY E . R . C O H E N . I N P U T AND OUTPUT 
ARE S I M P L I F I E D AND THE POWER, I N V E R S E P E R I O D , F E E D B A C K S , ANC PRE
CURSORS ARE D I S P L A Y E D G R A P H I C A L L Y . 

1 7 2 S N A P K I N 5 / S N A P K I N - 5 A S N A P K I N S P R O V I C E S A O N E - R E -
G I C N T I M E - D E P E N C E N T C A L C U L A T I O N OF POWER, ENERGY, T E M P E R A T U R E , 
R E A C T I V I T Y , I N V E R S E P E R I O D . ANC HYDROGEN LOSS I N A SNAP REACTOR 
AFTER A P E R T U R B A T I O N FROM G I V E N I N I T I A L C O N D I T I C N S . S N A P K I N - S A . 
I N A C D I T I C N , W E I G H T S POWER, HEAT C A P A C I T Y , ANO R E A C T I V I T Y I M P O R 
TANCE FOR T W E N T Y - F I V E OR FEWER R E G I O N S . 

1 3 5 T R A F I C O R P O R A T I O N , COMPLEX TRAN E X P E R I M E N T A L FREQUENCY R E 
SPONSE OATA O B T A I N E D FRCM A L I N E A R D Y N A M I C SYSTEM IS PROCESSEC TG 
O B T A I N THE TRANSFER F U N C T I O N AS A R A T I O OF TWO F R E Q U E N C Y - D E P E N D E N T 
P O L Y N O M I A L S . THE TRANSFER F U N C T I O N MAY HAVE N O N - M I N I M U M P H A S E . 

1 6 3 A I R O S AIROS SOLVES THE S P A C E - I N D E 
PENDFNT REACTOR K I N E T I C S E Q U A T I O N S AND P R O V I D E S FCR THE D E T E R M I N 
A T I O N PF R E A C T I V I T Y BY S C L V I N G I N A D D I T I O N THE D I S C R E T I Z E D EQUA
T I O N S WHIOH REPRESENT THE S P A T I A L HEAT AND MASS TRANSFER MODEL FOR 
SEVERAL FUEL C H A N N E L S . I N A D D I T I O N , V A R I A T I O N OF THE F I L M C C E F -
F I C I E N T W I T H FLOW IS ACCCUNTED FOB AS WELL AS THE P R O V I S I O N FOR 
FLOW DECAY AND AFTERGLCW H E A T I N G . SCRAMS CAN BE I N I T I A T E D BY 
DELAYED S I G N A L S FROM I N S T R U M E N T S WHICH SENSE ANY Q U A N T I T Y C A L 
C U L A T E D , E . G . , POWER, I N V E R S E P E R I O C OR T E M P E R A T U R E . G E N E R A L I Z E D 
FEEDBACK E Q U A T I O N S ARE USED TO P R O V I D E F L E X I B I L I T Y I N THE MCCELS 
THAT REPRESENT M U L T I C H A N N E L HEAT TRANSFER I N C L U D I N G C O N D U C T I O N ANO 
C C N V E C T I C N , ENERGY, PRESSURE AND CTHER PHENOMENON. THE R E A C T I V I T Y 
EQUATION I S ALSO G E N E R A L I Z E D . THE R E A C T I V I T Y FEEDBACK C O E F F I 
C I E N T S CAN PE CONSTANT OR VARY AS THE SQUARE ROOT OR R E C I P R O C A L OF 
TEMPERATURE. FURTHERMORE ANY FEEDBACK V A R I A B L E CAN BE USEC TO 

I N I T I A T E A R E A C T I V I T Y SCRAM, EACH W I T H A UNIQUE DELAY T I M E . 

1 6 8 I N V E R S E K I N E T I C S ( R 1 C 2 ) G I V E N THS S P A C E - I N C E P E N D E N T , 
ONE ENERGY GROUP REACTOR K I N E T I C S E Q U A T I O N S AND THE I N I T I A L 
C O N D I T I O N S , T H I S PROGRAM D E T E R M I N E S THE T I M E V A R I A T I O N OF 
R E A C T I V I T Y R E Q U I R E D TO PRODUCE THE G I V E N I N P U T OF F L U X - T I M E 
OATA. 

1 8 8 CMPXMAT A SYSTEM OR N L I N E A R 
EQUATIONS D E R I V E D FPPM THE LAPLACE TRANSFCRM OF A SET OF 
L I N E A R I Z E D D I F F E R E N T I A L E O U A T I C N S I S SOLVED FOR A M P L I T U D E AND 
PHASE ANGLE AS A F U N C T I O N OF F R E Q U E N C Y . 
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2 5 5 P i n P i n i SCLVES THE S P A C E - I N D E 
P E N D E N T , O N E - E N E R G Y GROUP REACTOR K I N E T I C S E Q U A T I O N S TO D E T E R M I N E 
THE T I M E V A R I A T I O N CF NEUTRCN C E N S I T Y G I V E N S P E C I F I E D I N I T I A L C O N 
D I T I O N S . ANY PF FOUR PROGRAMMED R E P R E S E N T A T I O N S OF EXCESS R E A C 
T I V I T Y CAN BE S E L E C T E D . 

7 9 0 GASA ( G E N E R A L ATOMIC S T A B I L I T Y GASA D E T E R M I N E S THE S T A B I L I T Y 
PF ANY P H Y S I C A L S Y S T E M WHOSE M C T I O N I S D E S C R I B A B L E BY A SET OF 
F I P S T - P P O E R L I N E A R D I F F E R E N T I A L E C U A T I C N S . I N P A R T I C U L A R GASA 
EVALUATES THE S T A B I L I T Y OF A REACTOR D E S C R I B E D BY THE L I N E A R R E A C 
TOR K I N F T I C S E Q U A T I O N S W I T H TEMPERATURE FEEDBACK, A G A I N S T P E R T U R 
B A T I O N S ABOUT ANY O P E R A T I N G POWFR L E V E L . THE PROGPAM W I L L ALSO 
CALCULATE AND PLOT THE TRANSFER F U N C T I O N BETWEEN ANY STATE V A R I 
ABLE OF THE SYSTFM ANC A G I V E N EXTERNAL F O R C I N G F U N C T I U N ( S U C H AS 
AN EXTERNAL R E A C T I V I T Y P E R T U R B A T I O N ) OR ANOTHER STATE V A R I A B L E CF 
THE S Y S T F M . 

3 0 3 R L 0 0 S T 6 R L 0 O S T 6 C O M B I N E S A REACTCR 
S P A C E - I N D E P E N D E N T K I N E T I C S COCE W I T H A T W O - D I M F N S l O N A L HEAT T R A N S 
FER C P D E , AND A T I M E - D E P E N D E N T S P H E R I C A L GEOMETRY HEAT TRANSFER 
R O U T I N E FOR FUEL P A R T I C L E S . THE CODE I S A P P L I C A B L E TO PRORLEMS 
FOR WHICH THE S P A C E - I N D E P E N D E N T FORM OF THE REACTOR K I N E T I C S EQUA
T I O N I S APPL I C A 8 L E . 

3 1 7 G A P O T K I N G A P O T K I N I S A P C I N T K I N E T I C S 
COPE THAT SOLVFS T H F S P A C E - I N D E P E N D t N T K I N E T I C S E O L A T I O N S FOR A 
VERY GENERAL FORM OE THE R E A C T I V I T Y F U N C T I C N . 
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3 2 6 A I R P S 2 A A I R 0 S 2 A SOLVES THE S P A C E -
I N D E P E N D E N T REACTOR K I N E T I C S EQUATIONS AND P R O V I D E S FOR THE D E T E R 
M I N A T I O N OF R E A C T I V I T Y BY S O L V I N G I N A D D I T I O N THE D I S C R E T I Z E C 
EQUATIONS THAT REPRESENT T H E S P A T I A L HEAT AND MASS TRANSFER MODEL 
FCR SEVERAL FUFL C H A N N E L S . I N A C D I T I C N , V A R I A T I O N OF THE F I L M 
C O E F F I C I E N T W I T H FLOW I S ACCOUNTED FCR ALONG W I T H THE P R O V I S I O N 
FPR FLCW CECAY AND AFTERGLOW H E A T I N G . SCRAMS OAN BE I N I T I A T E D BY 
DELAYED S I G N A L S FROM I N S T R U M E N T S THAT SENSE ANY Q U A N T I T Y C A L C U 
L A T E D , E . G . , POWFR, I N V E R S E P E R I O D OR T E M P F R A T U R E . G E N E R A L I Z E D 
FEEDBACK EQUATIONS ORE USEC TC P R O V I C E F L E X I B I L I T Y I N THE MODELS 
THAT - - - - - — ' • - ^ • , . . . . . . . . . , , , - . T x „ . . r . . r „ , . , ^ , , , n , , . ^ r n M n , , r x , r . . , •> 

CPNV! 
MELTl 
E O U A T I P N I S ALSO G E N t R A L I Z E O . THE R f c A U T I V I T Y H t H U H A L K C C t H F I -
C I E N T S CAN BE CONSTANT OP VARY AS THE SQUARE ROOT PR R E C I P R O C A L 
DE TEMPEPATURF. F U R T H F R M P R E , ANY FEECBACK V A R I A B L E CAN BE USED TQ 
I N I T I A T E A R E A C T I V I T Y SCPAM, EACH W I T H A U N I Q U E DFLAY T I M E . AN 
I N P U T GENERATOR COMPUTES T H E CCNCUCT ION AND C O N V E C T I O N C O E F F I 
C I E N T S FOR AN N X M N O D A L , M U L T I C H A N N E L SYSTEM U S I N G B U I L T - I N 
TABLES OF S P E C I F I C H E A T , D E N S I T Y , C O N D L C T I V I T Y AND V I S C O S I T Y FOR 
THE COMMON F U E L , STRUCTURE ANC COOLANT M A T E R I A L S , ANC PERFORMS AN 
I N I T I A L TEMPERATURE C A L C U L A T I O N . THE F I L M C O E F F I C I E N T S MAY BE 
S P F C I F I F D OR CALCULATED U S I N G LYCNS E Q U A T I O N OR THE D I T T U S - B O E L T E R 
E Q U A T I O N . 

3 6 3 RLAST BLAST HAS BEEN DEVELOPED TO 
STUDY A C C I U F N T C O N D I T I O N S I N C R I T I C A L AND S U B C R I T I C A L THERMAL 
M U L T I P L Y I N G S Y S T E M S . THE PROGRAMME COMPUTES THE T I M E BEHAVIOUR 
OE THE THERMAL NFUTRON D E N S I T Y AND THE SYSTEM TEMPERATURE FOLLOW
ING A STEP CHANGE I N R E A C T I V I T Y . THE I N T E G R A T E D THERMAL NEUTRON 
D E N S I T Y IS ALSO CCMPUTEO, FRCM WHICH THE TOTAL NUMBER OF F I S S I O N S 
DURING AN E X C U R S I O N MAY BE O B T A I N E D . 

4 8 6 ANOON ANCCN SOLVES THE P O I N T -
REACTOR K I N E T I C E O U A T I O N S I N C L U D I N G THERMAL F E E C B A C K . L U M P - T Y P E 
HEAT BALANCE EQUATIONS ARE USEO TO REPRESENT THE T H E R M O D Y N A M I C S , 
AND T H E HEAT C A P A C I T Y CF EACH LUMP CAN VARY W I T H T E M P E R A T U R E . 
THERMAL FEEORACK CAN BE E I T H E R A L I N E A R OR A N O N - L I N E A R F U N C T I C N 
OF LUMP T E M P E R A T U R E , ANC T H E I M P R E S S E D R E A C T I V I T Y CAN BE E I T H E R A 
POLYNOMIAL PR S I N U S O I D A L F U N C T I O N . 
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' 4 8 9 T P I F I D P THE COOE C A L C U L A T E S THE DECAY 
CONSTANT AND THE P O P U L A T I O N OF THE FUNCAMENTAL PROMPT NEUTRON 
MPPE E X T R A P O L A T E D TP I N I T I A L T I N E , U S I N G PULSEC NEUTRCN E X P E R I 
MENTAL D A T A . T H E S E CATA ARE THE R E S U L T I N G T I H E P R O F I L E OF THE 
N F U T R P N D E N S I T Y OF A S U B C R I T I C A L M U L T I P L I C A T I V E ASSEMBLY W H I C H 
I S R E P E T I T I V E L Y PULS E D W I T H SHORT B U R S T S OF N E U T R O N S . THE T I M E 
P R O F I L E I S MEASURED W I T H AN A P P R O P R I A T E CETECTOR ANC RECORDED W I T H 
A T I M E A N A L Y S E R . W I T H THE C A L O U L A T E C PARAMETERS T H t CCCE 
D E T E R M I N E S THF VALUE S OF ( K * 8 E T A ) / L AND R E A C T I V I T Y BY MEANS CF 
THE G A R E L I S - R U S S E L L M E T H C O , ANC R E A C T I V I T I E S U S I N G THE G O Z A N I 
AND SUOSTRAND M E T H O D S . 

4 9 1 MODS MCC5 C A L C U L A T E S THE T I M E -
AND E N E R G Y - D E P E N D E N T E V O L U T I O N OF THE NEUTRON D E N S I T Y I N HOMO
GENEOUS M E D I A F O L L O W I N G I N I T I A T I O N OF A ) A M O N O E N E R G E T I C SOURCE 
D I S T R I B U T E D OVER A F I N I T E T I M E I N T E R V A L , OR 3 ) A SOURCE CF 
A R B I T R A R Y SPECTRUM W I T H A 0 E L T A - F U N C 1 1 ON D I S T R I B U T I O N I N T I M E . 
E F F E C T I V E L Y THF CCDE PRPCUCES GREENS F U N C T I O N S O L U T I O N S TO THE 
SLOWING-OOWN E Q U A T I O N I N D I S O R E T E N U M E R I C A L F C R M . LEAKAGE I S 
T R E A T E D I N THE D I F F U S I O N A P P R O X I M A T I O N . THE PROGRAM A ) C A L C U 
L A T E S SPECTRA AND ENERGY MOMENTS AT S E L E C T E D T I M E S FOLLOWING THE 
BURST OF SOURCE N E U T R O N S , B ) E V A L U A T E S THE T I M E - D E P E N D E N T 
NEUTRON D E N S I T Y AND S L O W I N G - C C W N D E N S I T Y AT S E L E C T E D E N E R G I F S 
AND COMPUTES MOMENTS OF THESE D E N S I T I E S , 0 ) CALCULATES T I M E -
DFPFNDENT D I S T R I B U T I O N S OF C A P T U R E , LEAKAGE AND F I R S T F I S S I C N , 
AND MOMENTS OF THESE D I S T R I B U T I O N S , C) C A L C U L A T E S S T E A D Y - S T A T E 
CENTRAL CORE NEUTRON FLUX AND LEAKAGE FLUX I N C E T A I L ANC I N 
G R O U P - A V E R A G E D FORM, AND E ) C A L C U L A T E S PARAMETERS SUCH AS K E F F . 
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102 AXl A X l PERFORMS A COUPLED NEU
TRONIC S-HYDRODYNAMIC S CALCULATION. GIVEN A SPHERICALLY SYMMETRIC, 
SUPFRPROMPT CRITICAL SYSTEM, THE PRCGRAM COMPUTES THE VARIATION IN 
TIME AND SPACE OF THE SPECIF IC ENERGY, TEMPERATURE, PRESSURE, 
DENSITY AND VELOCITY. 

129 CONEC CONEC IS A COUPLED NEUTRONIC-
ELASTICITY CODE DESIGNED FCR APPLICATION TO PULSED FAST REACTCR 
SYSTEMS. IT IS A ONE-DIMENSIONAL CALCULATION, CAPABLE OF DEAL
ING WITH SOLID SPHERES CR SPHERICAL SHELLS. SPECIFICALLY, CONEC 
CALCULATES THE ALPHA OF A SYSTEM, THE TEMPERATURE D ISTRIBUT ION, 
THE RADIAL AND TANGENTIAL STRESS DISTRIBUTIONS, AND FROM THESE 
THE ACCELERATIONS, VELOCIT IES , ANO DISPLACEMENTS THROUGHOUT THE 
SYSTEM. 

145 WEAK EXPLOSION PROGRAM THIS PROGRAM PERFORMS A 
COUPLED NEUTRONICS-HYDROCYNAMICS CALCULATION FOR A SPHERICALLY 
SYMMETRIC REACTCR CCRE WITH A GIVEN COMPOSITION TO OBTAIN THE 
TIME-DEPENDENT ENERGY RELEASE THAT RESLLTS FROM THE INSERTION OF 
REACTIVITY AT A GIVEN RATE. THE BASIC USE FOR THIS PROGRAM IS 
FOUND IN ANALYSIS OF FAST REACTOR CORE CCLLAPSE ACCIOENTS. 

153 HATCHET HATCHET IS A MAJOR MODIFICA
TION OF THE AXl CODE DESIGNED TO STUOY BURST CHARACTERISTICS OF A 
SUPFRPROMPT CRIT ICAL, CONCENTRIC SHELL, PULSED REACTOR. IT COM
PUTES SPECIFIC ENERGY, TEMPERATURE, PRESSURE, DENSITY AND VELOCITY 
VARIATIONS AS A FUNCTION OF TIME AND SPACE. THE CCDE ALSC COMa 
PUTES REACTIVITY AS A FUNCTICN OF INVERSE REACTOR PERIOC, POWER, 
THE TOTAL AND KINETIC ENERGIES, AND THE POSITION OF THE SHELLS 
WHICH COMPRISE THE SYSTEM. 
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174 F0RE/F0RE2 FOBE CALCULATES REACTCR PCWER 
AND TEMPERATURES OF FUEL, CCCLANT, CLAC, AND STRUCTURE AS FUNC
TIONS OF TIME I N RESPONSE TC A PROGRAMMEC REACTIVITY INSERTION 
SPECIFIEO AS A SERIES OF RAMPS. TEMPERATURE PROFILES ARE CCMPUTEO 
AT SPECIF IED AXIAL PCSITIONS FOR AN AVERAGE CHANNEL AND FOR THE 
PEAK POWER (CENTRALI CHANNEL. THE HEAT OF FUSION ACCOMPANYING 
FUEL MELTING IS TAKEN INTO ACCOUNT. FEEDBACK REACTIVITY MECHA
NISMS THAT RESPOND TO CHANGES OF TEMPERATURES INCLUCE THE FUEL 
DOPPLER EFFECT AND THERMAL EXPANSION OF THE CORE (AND AXIAL BLAN
KET OR REFLECTOR) MATERIALS. F0RE2 IS A COUPLED THERMAL HYDRAU
L I C S - P O I N T KINETICS D IG ITAL COMPUTER CODE CESIGNED TO CALCULATE 
SIGNIF ICANT REACTOR PARAMETERS UNDER STEADY-STATE CONDITIONS, CR 
AS FUNCTICNS OF TIME CURING TRANSIENTS. THE TRANSIENTS MAY RESULT 
FROM A PROGRAMMED REACTIVITY INSERTION OP A POWER CHANGE. V A R I 
ABLE INLET COOLANT FLOW RATE ANO TEMPERATURE ARE CONSIDERED. THE 
CODE CALCULATES THE REACTOR POWER, THE INDIVIDUAL REACTIVITY FEED
BACKS, ANO THE TEMPERATURE OF CCCLANT, CLADDING, FUEL, STRUCTURE, 
ANC ADDITIONAL MATERIAL FOR UP TO SEVEN AXIAL POSITIONS I N THREE 
CHANNEL TYPES WHICH REPRESENT RACIAL ZONES CF THE REACTOR. THE 
HEAT OF FUSION ACCOMPANYING FUEL MELTING, THE L IQUID METAL VCICING 
REACTIV ITY , AND THE SPATIAL AND THE TIME VARIATION OF THE FUEL 
CLADDING GAP COEFFICIENT DUE TC CHANGES IN GAP S IZE ARE CON
SIDERED. 

191 AX-TNT AX-TNT SOLVES 
(A ) THE COUPLED HYDRODYNAMIC, THERMODYNAMIC ANO NEUTRONIC 

EQUATIONS WHICH DESCRIBE A SPHERICAL, SUPER-PROMPT 
CRIT ICAL REACTOR SYSTEM DURING AN EXCURSION, 

(B) THE COUPLED EOUATIONS OF MOTION, AND IDEAL GAS 
EQUATION OF STATE FOB THE DETONATION OF A SPHERICAL 
CHARGE IN A GAS. 

274 WIGL2 WIGL2 IS A CNE-OIMENSIONAL 
TWO-GROUP SPACE-TIME OIFFUSION THEORY PROGRAM WITH ZERO, ONE, OR 
SIX DELAYED NEUTRON GRCUPS. THE PRCGRAM WILL TREAT SLAB, C Y L I N 
DRICAL, ANO SPHERICAL GEOMETRIES ANO INCLUDES NCN-BCILING HEAT 
TRANSFER. IT ACCOUNTS FCR XENON FEECBACK AND FEEDBACK EFFECTS DUE 
TO FUEL AND COOLANT TEMPERATURE. CONTROL BOD MOTION AND CCNTROL 
SYSTEM FEEDBACK BASED ON TOTAL CORE POWER OR OUTLET COOLANT TEM
PERATURE CAN BE SIMULATED. TRANSIENTS MAY BE EXCITED BY PRE
SCRIBED CHANGES I N INLET COOLANT TEMPERATURE, CCOLANT FLOW RATE, 
CR RCD P O S I T I O N . 
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293 MARS MARS PERFORMS A COUPLED NEU
TRONICS-HYORODYNAMICS CALCULATICN FOR A F I N I T E CYLINDER CORE WITH 
CONCENTRIC REGIONS OF CIFFERENT COMPOSITIONS AND CHARACTERISTICS 
TO ORTAIN THE TIME-DEPENDENT ENERGY RELEASE THAT RESULTS FRCM THE 
INSERTION OF REACTIVITY ACCORDING TO A PRESCRIBED PROGRAM. THE 
BASIC USE FOR THIS PRCGRAM IS FOUND IN ANALYSIS OF FAST REACTOR 
CORE COLLAPSE ACCIDENTS. THE REACTIVITY CHANGES DUE TO MATERIAL 
DISPLACEMENT IS DETERMINED BY THE USE OF PERTURBATION THEORY AND 
THE PRESSURE GENERATICN FOR THE HYDRODYNAMICS CALCULATION IS DE-
TEPMINED BY THE THE USE OF AN EXPONENTIAL FORM FOR THE SATURATED 
VAPOR PRESSURE CURVE. THE DCPPLER EFFECT IS DETERMINED BY THE USE 
OF A FLEXIBLE T « * ( - N ) FORM WHERE N IS A PARAMETER THAT IS S P E C I 
FIED AT THE TIME OF EXECUTION. THE EXTERNAL REACTIVITY INSERTION 
CAN BE IN THE FORM OF A STEP, A LINEAR RAMP OR A PARABOLIC RAMP, 
WITH A L I M I T ON THE AMOUNT OF REACTIVITY WHICH CAN BE INSERTED 
BEING A DEFINABLE QUANTITY. TABULATED VALUES OF THE POWER AND 
MATERIAL WORTH DISTRIBUTIONS ARE ACCEPTEC AS INPUT. THE CHARAC
TERISTICS OF EACH REGION (DENSITY , SPECIFIC HEAT, COPPLER COEFFI
CIENT, EQUATION OF STATE, GEOMETRIC L I M I T S ) ARE SPECIFIEO INDE
PENDENTLY FOR EACH REGION TO PROVIDE F L E X I B I L I T Y IN THE TREATMENT 
OF CCRES CF UNUSUAL CONFIGURATION. THE NEUTRON KINETICS CALCULA
TIONS ARE DCNE WITH A PCINT REACTOR MOCEL AND DELAYED NEUTRONS ARE 
USED. 

309 TSN THE TIME-DEPENDENT NEUTRON 
TRANSPORT EQUATION IS SOLVED. ENERGY DEPOSITION IS ALLOWED TC 
CAUSE VARIATION IN THE NEUTRCN CROSS SECTIONS FOR THE CORE REGION, 
IN THE CORE DENSITY, AND I N CORE HEIGHT. THE RESULT IS A KINETICS 
CALCULATICN INCLUCING SPATIAL DEPENDENCE BOTH I N FEEDBACK EFFECTS 
AND IN NEUTRON DENSITY. THE RESULTS ARE SUMMARIZED IN A MANNER 
SIMILAR TO POINT-KINETICS CODES, AND SPATIAL DISTRIBUTIONS ARE 
ALSC GIVEN. GRAPHICAL SUMMARIES OF THE SIGNIFICANT VARIABLES AND 
SPATIAL DISTRIBUTIONS ARE GIVEN. IN THE IBM360 VERSION, EITHER 
THE NEUTRON YIELD FROM F ISS ICN OR THE THICKNESS OF A SPECIFIED 
ZONE CAN EE CHANGED AS AN INCEPENDENT FUNCTION OF TIME AS SPECI
FIEO BY THE USER. THIS PROVIDES TWO WAYS CF ALLOWING EXPLICIT 
REACTIVITY VARIATION WITH T I M E . 

310 GAKIN THE MULTIGRCUP, 1 - C I MENSlONAL 
TIME-DEPENDENT D IFFUS ION THECRY EQUATIONS ARE SOLVED IN SLAB, 
CYLINDRICAL OR SPHERICAL GEOMETRY WITH CELAYED NEUTRONS TAKEN INTO 
ACCOUNT. AN ARBITRARY SCATTERING MATRIX IS ALLOWED, TOGETHER WITH 
A P IECE-WISE , LINEAR, TIME-CEPENCENT, INHOMOGENEOUS SOURCE TERM. 
FEEDBACK IS AVAILABLE FROM TIME-DEPENDENT CRCSS SECTION CHANGES 
AND BUILDUP IN XENON. THE TIME INTEGRATION IS DIV IDED INTC TIME 
ZONES WITH UNIQUE FEEDBACK ANC SOURCE CATA FOR EACH ZONE. 
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338 TWIGL/TWIGGLE TWIGL SOLVES THE TWO-DIMEN
SICNAL, TWC-GROUP, SPACE-TIME NEUTRON CIFFUSION EQUATIONS IN REC
TANGULAR OR CYLINDRICAL GECMETRY IN THE PRESENCE CF TEMPERATURE 
FEECBACK. THE NEUTRON CIFFUSION AND DELAYED PRECLRSOR EQUATIONS 
ARE DIFFERENCED IN BOTH SPACE ANC T I M E . THE THERMAL-HYDRAULIC 
DESCRIPTION I S BASED ON A N O - B O I L I N G , CNE-PASS MOCEL FORMULATEC IN 
TERMS OF REGIONW ISE-AVERAGED COOLANT ANO FUEL METAL TEMPERATURES. 

352 RAUMZEIT RAUMZEIT SOLVES SYSTEMS CF 
CNE-DIMFNSICNAL, TIME-CEPENCENT, MULTIGROUP DIFFUSION-TYPE EQUA
TIONS USING EITHER CF TWC TREATMENTS OF THE TIME DEPENDENCE, 
F I N I T E DIFFERENCING OR THE T IME-INTEGRA TED APPROACH (SEE REFERENCE 
2 ) . 

370 GAKIT GAKIT SOLVES THE MULTIGROUP, 
ONE-DIMENSIONAL, TI ME-DEFFNDENT DIFFUSICN THEORY KINETICS EOUA
TIONS INCLUDING DELAYED NEUTRON EFFECTS AND TEMPERATURE FEEDBACK 
BASED ON TWO-DIMENSIONAL HEAT TRANSFER CALCULATIONS. FOR THE ONE-
DIMENSIONAL MULTIGROUP K INETICS EQUATIONS AN ARBITRARY SCATTERING 
MATRIX ANC ARBITRARY FISSION TRANSFER ARE ALLOWED, AND PLANE, 
C Y L I N D R I C A L , OR SPHERICAL GEOMETRY MIGHT BE USEC. A PIECEWISE 
LINEAR TIME-DEPENDENT INHOMOGENEOUS SOURCE CAN BE S P E C I F I E C . 
FEECBACK IS AVAILABLE FROM XENON BUILDUP AND TEMPERATURE DEPEND
ENCE OF CROSS SECTIONS. THE HEAT TRANSFER CALCULATION IS PER
FORMED FOR TWO-DIMENSIONAL R-Z FUEL ELEMENT MODELS ASSUMING PRE
DETERMINED AXIAL POWER SHAPE FUNCTIONS AND TIME-DEPENDENT POWER 
AMPLITUDES OBTAINED FROM THE ONE-DIMENSICNAL KINETICS CALCULA
T I C N S . FOR THE FUEL ELEMENTS AVERAGE FUEL AND MODERATOR TEMPERA
TURES ARE CALCULATED WHICH DETERMINE, BASED CN TABLES, THE TEM
PERATURE-DEPENDENT CROSS SECTIONS. TRANSIENTS MAY BE INTRCCUCEC 
BY STEP CHANGES CF CROSS SECTICNS, BY PIECEWISE LINEAR T IME-
DEPENDENT CROSS SECTIONS (ROD WITHDRAWAL ACCICENTSI , BY STEP 
CHANGES OF THE FLOW RATES OR BY STEP CHANGES OF THE COOLANT INLET 
TEMPERATURES. 

371 NOWIG NOWIG I S USEO TO SOLVE THE 
ONE-DIMENSIONAL TWO-GROUP NEUTRCN DIFFUSICN AND CELAYED PRE
CURSOR EQUATIONS USING A SHAPE-SPECIFIED PCINT K INETICS APPROXIMA
T I O N . FEEDBACK DUE TO CHANGES IN THE FUEL METAL TEMPERATURE AND 
COOLANT DENSITY I S ACCOUNTED FCP BY USING A MOCEL WHICH IS I D E N T I 
CAL WITH THAT USED IN THE WIGL2 (ACC ABSTRACT 274 ) PRCGRAM. 

389 STINT3 STINT3 SOLVES STATIC ( E I G E N 
VALUE) AND TIME-DEPENDENT SYSTEMS OF COUPLED, ONE-DIMENSIONAL, 
D IFFUSION TYPE EQUATIONS I N SLAB GEOMETRY ANC IS PRIMARILY 
INTENDED FOR SOLVING SINGLE-CHANNEL, FLUX-SYNTHESIS EQUATIONS. 
THE CODE PROVIDES FCR CONTROL ROC MOTION AND TEMPERATURE FEEDBACK. 
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4 0 0 S A S I A S A S I A I S USED FOR THE A N A L Y 
S I S OF FAST RFACTOR POWER AND FLOW T R A N S I E N T S . THE PROGRAM C O N 
S I S T S CF FOUR D R I V E R PRCGRAMS EACH C A L L E D BY THE M A I N PROGRAM. 
THESE D R I V E R S HANDLE THE AREAS OF ( 1 ) I N P U T / O U T P U T , W I T H D I A G N O S 
T I C S , ( 2 1 S T E A D Y - S T A T E I N I T I A L I Z A T I O N , TO D E F I N E THE CORE O P E R A T 
ING C O N D I T I O N S BEFORE THE I N I T I A T I O N OF THE T R A N S I E N T , ( 3 ) THE 
T R A N S I E N T P O R T I O N , AND ( 4 1 THE D I S A S S E M B L Y (WEAK E X P L O S I O N ) A N A L Y 
S I S . 

4.05 NOAH NOAH SOLVES THE O N E - D I M E N 
S I O N A L , ONE-GROUP S P A C E - T I M E C I F F U S I C N E Q U A T I O N A C C O U N T I N G FOR THE 
E F F E C T S OF F U E L , C L A D , AND CCCLANT TEMPERATURES (CR BY CHANGING 
SUBROUTINES F U E L , COOLANT, AND S O L I D MODERATOR TEMPERATURES) ON 
F I S S I O N ANO A B S O R P T I O N CROSS S E C T I O N S , AND ON THE D I F F U S I O N C O E F 
F I C I E N T ANC THE TRANSVERSE B U C K L I N G . I T CAN ACCOUNT FOR THE 
EFFECTS OF X E N O N - I O D I N E F E E C B A C K . I F C E S I R E D , I T WILL D E T E R M I N E 
L P N G - T I M E X F N P N - F L U X B E H A V I O R ASSUMING THE TEMPERATURES TO BE 
I N Q U A S I - S T A T I C E Q U I L I B R I U M . NUMEROUS METHODS OF P E R T U R B A T I O N ARE 
ALLOWED AND CCNTROL OF THE T R A N S I E N T I S ALSO P R O V I D E D . 

4 1 5 O E X E / I N C E X E CEXE SOLVES THE T H R E E - D I M E N 
SIONAL XYZ T I M E - D E P E N D E N T XENON S P A T I A L O S C I L L A T I O N PROBLEM U S I N G 
A M O C I F I E O ONE ENERGY GROUP THEORY ANO A NODAL R E P R E S E N T A T I O N . 

4 7 4 Q X l Q X l SOLVES THE M U L T I G R C U P , 
C N E - D I M E N S I O N A L , T I M E - D E P E N D E N T D I F F U S I O N E Q U A T I O N S . PROBLEM 
GFOMETRY MAY BE P L A N E , C Y L I N D R I C A L , OR S P H E R I C A L . S T E A C Y - S T A T E 
I N I T I A L C O N D I T I O N S MAY BE E S T A B L I S H E D E I T H E R FOR A S O U R C E - F R E E 
SYSTEM OP FPR A SYSTEM W I T H AN EXTERNAL NEUTRON S O U R C E . THE 
REACTOR MAY BE PERTURBED BY CHANGING M A T E R I A L VCLUME F R A C T I O N S 
AND/OR TEMPERATURES OR BY CHANGING THE NFUTRON SOURCE L E V E L . A 
F I P S T - C P L L I S I C N PULSED SCURCE C I S T R I B U T I O N MAY BE S P E C I F I E O . 
RESPNANCE A B S P R P T I P N FEEDBACK I S C A L C U L A T E D BY GROUPWISE I N T E R -
P P L A T I O N I N A C R O S S - S E C T I O N VERSUS TEMPERATURE T A B L E . A H I G H L Y 
S I M P L I F I E D FUFL TEMPERATURE MCCEL I S I N C L U C E C . 

4 8 8 N O I S Y l A U T O - ANO C R O S S - S P E C T R A L 
D E N S I T Y F U N C T I O N S ARF CALCULATED FOR NEUTRON F L U C T U A T I O N S I N 
NUCLEAR R E A C T O R S . THE C A L C U L A T I O N S ARE P O I N T - W I S E , S P A C E - D E P E N D 
ENT I N C U B I C A L REACTORS WHIOH ARE HOMCGENEOUS AND B A R E . E I T H E R 
NEUTRON F L U C T U A T I O N S OR THE F L L C T L A T I O N S SEEN BY A NEUTRCN 
DETECTOR CAN BE S P E C I F I E D . F L U C T U A T I O N S BETWEEN E I T H E R TWO 
P O I N T S PR BETWEEN TWO F I N I T E R F G I C N S CAN EE C O N S I C E R E C . THE 
F I N I T E R E G I P N S OR S I M U L A T E D DETECTORS MUST E I T H E R F U L L Y OVERLAP 
OR NOT OVERLAP ANC ARE R E S T R I C T E D I N SHAPE TO RECTANGULAR 
P A R A L L E L E P I P F P S . 
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494 ADEP THE TIME-DEPENDENT FEW-GROUP 
NEUTRON DIFFUSION EQUATIONS ARE SOLVED IN CNE OR TWO DIMENSIONS. 
LUMPED PARAMETER THERMAL-HYDRAULIC EQUATIONS ARE USED TC CALCULATE 
FEECBACK. 
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47 CLPUD THE CLOUD PROGRAM CALCULATES 
THE EXTERNAL GAMMA-RAY DOSE RATE AND TOTAL INTEGRATED DCSE RESULT
ING FRCM THE CONTINUOUS RELEASE OF RADIOACTIVE MATERIALS TO THE 
ATMOSPHERE. 

172 AIS1TE2/R153 AISITE2 IS LARGELY BASED ON 
METHODS PROPOSED BY THE AFC IN TID-14e44 BUT DIFFERS IN CERTAIN 
OF THE ASSUMPTIONS ANC MODELS. THE COCE AUTOMATICALLY VARIES ANY 
ONE CF 46 PARAMETERS SUCH AS REACTCR PCWER, BUILCING LEAK RATE, 
IODINE CLEAN-UP RATE, ANC HALOGEN FILTER EFFICIENCY, COMPUTING THE 
EXCLUSION AREA. ANO LOW POPULATION BOUNCARY ZONES AS FUNCTIONS OF 
THAT PARAMETER. THF EDIT INCLUDES DCSE VS. DISTANCE DATA. 
FRACTIONAL PONTRIPUTION BY ISOTOPE GROUP TO THE INHALATION DOSE, 
AND CRITICAL DISTANCES PROVIDING BOTH PRINTED AND GRAPHICAL DATA. 
THREE MODELS ARE AVAILABLE FOR FISSICN PRODUCT RELEASE WITH UP TO 
4 LEVELS CF CONTAINMENT. 

196 CUR lE/COSE/THUNCERHEAO CURIE CALCULATES THE FISSION 
PRODUCT INVENTORY PROCUCED IN A REACTOR CURING CONSTANT POWER 
OPERATION AND RELEASES DIFFERENT PERCENTAGES OF THE NCBLE GASES, 
HALOGENS, AND PARTICULATES TC THE ATMOSPHERE AT REACTOR SHUTDOWN. 
OOSE CALCULATES THE TOTAL DOSE TC 13 INTERNAL ECDY ORGANS 
RESULTING FROM INHALATION OF THE PASSING RADIOACTIVE CLOUD. 
THUNDERHEAO CALCULATES THE EXTERNAL CLOUD GAMMA EXPOSURE DOSE FROM 
THE RELEASED FISSION PRODUCTS. 

200 SATURATED BLPWD0WN2 CALCULATICN OF LOCAL 
PRESSURES, MASS FLOW RATES, FLUID QUALITIES, SPECIFIC VOLUMES, 
TEMPERATURES ANC LOCAL HEAT TRANSFER COEFFICIENTS AT WETTED 
WALLS, DURING BLOWDOWN CF THE REACTOR PRIMARY COOLANT LOOP. 

228 PRECON THE PURPOSE OF THE PROGRAM IS 
TO DETERMINE, FOR A GAS-COOLED REACTCR, THE CONTAINMENT PRESSURE 
AS A FUNCTICN OF TIME, AFTER RUPTURES HAVE BEEN ASSUMED TO OCCUR 
IN THE PRIMARY SYSTEM OR IN CCNJUNCTICN WITH STEAM GENERATOR 
RUPTURES. 

229 ELBOW DEFLECTIONS, RESTRAINT FORCES 
AND STRESSES ARE DETERMINED IN A FUEL ELEMENT SUBJECTED TO 
ASYMMETRIC POWER GENERATION, CIRCUMFERENTIALLY NON-UNIFORM COOLANT 
TEMPERATURE DISTRIBUTION, AND ASYMMETRIC FAST NEUTRON FLUX DAMAGE. 
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261 GACCSE/CCSET THE GADOSE PROGRAM CALCULATES 
RAOIPACTIVITY AND DOSES RESULTING FRCM 
RELEASE OF ACTIVITY WHILE THE COMPANION 
EFFFCTS OF A TIME-OFPENCENT ACCICENTAL 

INSTANTANEOUS ACCICENTAL 
1 PROGRAM DOSET INCLUDES THE 
FISSION PRODUCT RELEASE FOR 

THE HTGR TYPE OF PLANT. GIVEN AN INITIAL FISSICN PPOCUCT INVEN-
TCRY RELEASFC INTO A REACTOR VESSEL OR 
QUANTITY OF EACH ISOTCPE IS CALOULATEC 
NUMBER OF LOCATIONS (IN THE CCNTAINMENI 
CLEANUP FILTERS, LEAK COLLECTOR, PLANT 

CONTAINMENT VOLUME, THE 
AT A NUMBER OF TIMES AT A 
, CONTAINMENT BEC IBCULATING 
EXHAUST FILTERS AND IN THE 

ATMOSPHERE AT A NUMBER CF DISTANCES FROM THE P L A N T ) . EACH CECAY 
CHAIN IS CALCULATED SEPARATELY CONSIDER ING BUILDUP AND DECAY OF 
EACH ISOTOPE. RACIOLCGICAL COSES ARE CALCULATED FOR ANY THREE 
BODY ORGANS AND THE WHOLE BCCY BASED Oh 
LCGICAL INPUT PARAMETERS. FALLOUT ANO 

. METEOROLOGICAL AND PHYS10-
RAINOLT ARE INCLUDED. 

2 6 5 RSAC RSAC GENERATES A F I S S I C N P R O 
DUCT I N V E N T O R Y FROM A G I V E N SET OF REACTOR O P E R A T I N G C O N D I T I O N S 
AND THEN C O M P U T E S THE E X T E R N A L GAMMA D O S E , THE C E P C S I T I O N GAMMA 
D O S E , A N D / O R THE I N H A L A T I O N - I N G E S T I O N DPSE TO C R I T I C A L BODY ORGANS 
AS A R E S U L T OF EXPOSURE TO THESE F I S S I C N P R O D U C T S . PROGRAM OUTPUT 
I N C L U D E S PEACTOR O P E R A T I N G H I S T O R Y , F I S S I O N PRODUCT I N V E N T O R Y , 
D O S A G E S , AND I N G E S T I O N P A R A M E T E R S . 

2 6 8 T R A N S - F U G U E l T R A N S - F U G U E l I S A T R A N S I E N T 
S I N G L E C H A N N E L , T W O - P H A S E FLCW, ANC HEAT TRANSFER CODE FOR A N A L Y 
S I S OF P O S T U L A T E D REACTOR I N C I D E N T S I N V O L V I N G S O I L I N G . THE OODE 
I S RASED CN A HOMOGENEOUS HYDRODYNAMIC MODEL WHIOH ASSUMES EQUAL 
PHASE T E M P E R A T U R E S ANC V E L O C I T I E S . IT ASSUMES VAPOR G E N E R A T I O N TO 
BE HFAT TRANSFER L I M I T E D O N L Y , ANO C A L C U L A T E S A X I A L D I S T R I B U T I O N 
OF V E L O C I T Y , V O I D F R A C T I O N , P R E S S U R E , C r fOLANT T E M P E R A T U R E , AND 
F U F L T E M P F R A T U R E . T R A N S I E N T S S I M U L A T I N G POWER E X C U R S I O N S , LOSS OF 
FLOW, L O S S OF P R E S S U R E AND C H A N N E L P L U G G I N G CAN BE S T U C I E D . 
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THt i Y b i t f K U r l U K t fli l_lNt LK ri_KC K L * H . . C : > I , ur\ DT H r K c o i . ^ K i D c u 
CHANGE I N THE TANK (OR P R E S S U R I Z E P ) P R E S S U R E , CR BY THE PUMP POWER 
F A I L U R E . WHAM I S AN E X T E N S I O N OF THE PROGRAM W A T E R - H A M M E R . 
WATER-HAMMER ANALYZES H Y C R A U L I O T R A N S I E N T S IMPOSEC BY THE SUDDEN 
p T c r u A D r c n c i T n i i i r i eo nu T W F D D T M A D V r r r i A K T i n r p . R F F O R F A K V 

2 8 4 M 0 5 5 5 ( A C T 1 ) T H I S PROGRAM W I L L P R E D I C T THE 
PRESSURE T R A N S I E N T I N THE CONTAINMENT V E S S E L AS A F U N C T I O N OF T I M E 
AS A RESULT OF A MAJOR RUPTURE I N THE P R I M A R Y SYSTEM OF A P R E S 
S U R I Z E D WATER R E A C T O R . MEANS ARE A V A I L A B L E FOR I N T R O D U C I N G WATER 
AND HEAT I N T O THE C O N T A I N M E N T V E S S E L . THERE ARE ALSO P R O V I S I O N S 
FOR S P E C I F Y I N G V A R I O U S TYPES OF HEAT S I N K S FOR ENERGY A B S C R F T I O N . 
THE TEMPERATURE D I S T R I B U T I O N I N THESE HEAT S I N K S I S CALCULATED AS 
A F U N C T I O N PF T I M E . D ISCHARGE RATES OF THE CONTAINMENT MAY ALSO 
BE C E T E R M I N E D AS A F U N C T I O N OF BOTH T I M E AND THE I N T E R N A L P R E S 
SURE. 

2 9 5 FLASH3 F L A S H 3 D E T E R M I N E S THE TRAN
S I E N T RESPONSE OF A WATER-CCCLED REACTOR TO A L O S S - C F - C O O L A N T 
ACCIDENT OR SEVERE V A R I A B L E PRESSURE O P E R A T I O N . 
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2 9 7 C O N T E M P T T H E CCNTEMPT COMPUTER PROGRAM 
P R E D I C T S THE P R E S S U R E - T E M P E R A T U R E RESPONSE OF A DRY WELL C O N T A I N 
MENT B U I L D I N G TO A L O S S - C F - C C P L A N T A C C I C E N T . THE C O N T A I N M E N T V O L 
UME I S SEPARATED I N T O A L I Q U I D R E G I O N AND A VAPOR R E G I O N . EACH 
R E G I O N I S ASSUMED TO HAVE A U N I F C R M TEMPERATURE BUT THE T E M P E R A 
TURE OF THE TWO R E G I O N S MAY BE C I F F E R E N T . THE C O N T A I N M E N T B U I L D 
I N G I S R E P R E S E N T E D AS C O N S I S T I N G OF SEVERAL HEAT C O N D U C T I N G S T R U C 
T U R E S WHOSE THERMAL B E H A V I O R CAN BE D E S C R I B E D BY THE O N E - D I M E N 
S I O N A L M U L T I R E G I O N HEAT C O N D U C T I C N E C U A T I C N . WATER AND ENERGY 
R A T E S FROM D I S C H A R G E OF C O O L A N T , THE B O I L I N G OF R E S I D U A L WATER BY 
REACTOR CECAY H E A T , T H E S U P E R H E A T I N G OF STEAM P A S S I N G THROUGH THE 
C O R E , AND M E T A L - W A T E R R E A C T I O N S ARE ASSUMEC A V A I L A B L E FRCM P R E V I 
OUS C A L C U L A T I C N S ANC ARF I N P U T CATA TO C O N T E M P T . PRCGRAM CUTPUT 
I N C L U D E S C O N T A I N M E N T VOLUME PRESSURE ANC T E M P E R A T U R E S , T E M P E R A 
TURE THROUGH B U I L D I N G S T R U C T U R E S , AND THE AMOUNT OF W A T E R , V A P O R , 
ANC ENERGY I N THE C O N T A I N M E N T V O L U M E S . THE PROGRAM ALSO C A L C U 
L A T E S B U I L D I N G LEAKAGE AND THE E F F E C T S CF E N G I N E E R E C SAFEGUARD 
D E V I C E S SUCH AS WATER SPRAY AND FAN COOLER S Y S T E M S . 

3 2 8 N U R L O C - l . T N L B L C O - 1 . 0 PERFOBMS C O R E / 
PRESSURE V E S S E L THERMAL A N A L Y S I S FOR A NUCLEAR REACTOR L O S S - O F -
COOLANT A C C I D E N T . 

3 3 0 E 0 C S A 4 ECGSA4 P R E D I C T S THE THERMAL 
AND H Y D R A U L I C B E H A V I P R OF A S I N G L E FUEL RPC AND I T S A S S O C I A T E C 
CORF FLPW CHANNEL D U R I N G A L O S S - O F - C O O L A N T A C C I D E N T AND SUBSEQUENT 
EMERGENCY CORE C O O L I N G I N J E C T I O N . 

« 
3 6 6 CHFMLCC? C H E M L 0 C 2 I S USED TO COMPUTE 

THF E X T E N T OF CORE H E A T I N G AND M E T A L - S T E A M R E A C T I O N F O L L O W I N G A 
H Y P O T H E T I C A L L O S S - 0 F - C O U L A N T A C C I D E N T , I N C L U D I N G EMERGENCY C O R E -
C O O L I N G F A I L U R E , I N A W A T E R - C C O L E C R E A C T O R . THE PROGRAM I N C L U D E S 
THE E F F F C T S OF HEAT P R O D U C T I O N BY DECAY H E A T I N G I N THE FUEL AS 
WELL AS PY S T E A M - M E T A L C H E M I C A L R E A C T I O N , HEAT TRANSFER FROM THE 
CORE TO THE BOTTOM AND TCP G R I D - S U P P O R T PLATES AND TO THE WALL 
S U R R O U N D I N G THE C O R E , AND METHODS OF C A L C U L A T I N G THE E F F E C T S OF 
CORE MOVEMENT AND M A T E R I A L TRANSFER ON R E A C H I N G S L U M P I N G T E M P E R A -
T U R F . 



936 

G. R A D I C L O G I C A L S A F E T Y , HAZARC AND A C C I D E N T A N A L Y S I S 3 / 7 2 

3 6 9 R E L A P 2 R E L A P 2 C A L C U L A T E S F L C W , MASS 
I N V E N T O R I E S , T E M P E R A T U R E S , P R E S S U R E S , R E A C T I V I T I E S , AND T R A N S I E N T 
PPWER FPR THE P R I M A R Y SYSTEM OE A WATER REACTOR D U R I N G A R E A C T I V 
I T Y CR A L O S S - O F - C O O L A N T A C C I C E N T . ALTHOUGH R E T A I N I N G THE S I M P L I 
F I E D GEOMETRY ( T H R E E VOLUMES PLUS A CCPE R E G I O N ) OF THE P R E V I O U S 
RELAP PRPGRAM, MANY IMPROVEMENTS AND E X T E N S I O N S HAVE BEEN M A D E . 
THE GEOMETRY CAN BE MADE T C A P P R O X I M A T E E I T H E R A P R E S S U R I Z E D OR A 
R O I L I N G WATER REACTOR S Y S T E M . THE CORE IS T R E A T E C AS A T W O - P O I N T 
MODEL FOR POWER G E N E R A T I O N , HEAT T R A N S F E R , ANU R E A C T I V I T Y F E E D -
RACKS AND AS A O N E - P C I N T MOCEL FCR THE REACTOR K I N E T I C S , PRESSURE 
R A L A N C E S . AND FLOW R A L A N C E S . A L S C , RELAP2 CAN BE USEC FOR REACTOR 
SYSTFM SAFETY S T U D I E S I N C L U C I N G LARGE R E A C T I V I T Y E X C U R S I O N S AS 
WELL AS THE L C S S - O F - O O C L A N T ANC P U M P - F A I L U P E A C C I O E N T S . 

4 3 3 C C N T E M P T - P S THE C O N T E M P T - P S PROGRAM 
P R E D I C T S THE P R E S S U R E - T E M P E R A T U R E RESPONSE OF A DRY WELL FCR A 
L C S S - P F - C O O L A N T A C C I D E N T . THE DRY WELL I S SEPARATED I N T C A L I Q U I D 
R E G I C N AND A VAPOR R E G I C N . EACH R E G I O N IS ASSUMED TO HAVE A U N I 
FORM TEMPERATURE BUT THE TEMPERATURES CF THE TWC R E G I O N S MAY BE 
C I F F E R E N T . THE CONTAINMENT B U I L D I N G I S R E P R E S E N T E D AS C O N S I S T I N G 
OF SEVERAL HEAT C O N D U C T I N G STRUCTURES WHOSE THERMAL BEHAVIOR CAN 
BE D E S C R I R F D RY THE O N E - D I M E N S I C N A L M U L T I R E G I O N HEAT C O N D U C T I C N 
E Q U A T I O N S . WATER ANC ENERGY A C C I T I O N RATES FROM DISCHARGE OF 
C O O L A N T , R O I L I N G OF R E S I D U A L WATER BY R E A C T I O N CECAY H E A T , S U P E R 
H E A T I N G OF STEAM P A S S I N G THROUGH THE C O R E , AN3 METAL-WATER R E A C 
T I O N S ARE ASSUMED A V A I L A B L E FROM P R E V I O U S C A L C U L A T I O N S ANO ARE 
I N P U T OATA TO THE PROGRAM. PROGRAM CUTPUT I N C L U C E S CONTAINMENT 
VCLUME PRESSURE AND T E M P E R A T U R E , TEMPERATURES THROUGH THE B U I L D I N G 
S T R U C T U R E S , AND THE AMOUNT OF WATER, V A P O R , ANC ENERGY I N THE C O N 
T A I N M E N T V C L U M E S . THE PRESSURE S U P P R E S S I O N C A L C U L A T I C N S INCLUDE 
VENT C L E A R I N G AND HOMCGENEOUS FLOW OF A TWO-COMPONENT T W O - P H A S t 
W A T E R - A I R M I X T U R E THROUGH THE V E N T S , AND A MASS-ENERGY BALANCE IN 
THE WET WELL I N W H I C H THE L I Q U I D AND VAPOR R E G I O N S ARE ASSUMED TO 
HAVE THE SAME T E M P E R A T U R E . THEPE ARE P R O V I S I O N S FOR NORMAL B U I L D 
ING L E A K A G E , LEAKAGE FROM P E N E T R A T I O N S , A FAN COOLER S Y S T E M , ANC 
DRY ANC WET WELL SPRAY S Y S T E M S . 

4 3 5 B U R S T l B L R S T l P R O V I D E S FCR THE STUDY 
PF P R E S S U R I Z E D L I Q U I D I N A C Y L I N C R I C A L SYSTEM I M M E D I A T E L Y AFTER 
A RUPTURF OCCURS AT CNE PR BCTH ENDS CF THE S Y S T E M . P R E S S U R E , 
MASS V E L O C I T Y , AND ENTHALPY ARE CALCULATED AT E Q U A L L Y - S P A C E D MESH 
P O I N T S ALONG THE LENGTH OF THE S Y S T E M . T H I S IS A O N E - D I M E N S I O N A L 
R E P R E S E N T A T I O N , ASSUM ING U N I F O R M C O N D I T I O N S THROUGHOUT ANY G I V E N 
C R P S S - S E O T I O N A L AREA. FORCES CN D E S I G N A T E D S E C T I O N S OF THE SYSTEM 
CAN ALSO RE C O M P U T E D , W I T H P R O V I S I O N FCR D I R E C T I O N A L C H A N G E S . 
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4 4 3 HAA3 H A A 3 E V A L U A T E S AN A P P R O X I M A 
T I O N TO THE GENERAL I N T E G R O - C I F F E R E N T I A L E Q U A T I O N W H I C H D E S C R I B E S 
AEROSOL B F H A V I O R . THE P H Y S I C A L MODEL I N C L U D E S P A R T I C L E G E N E R A 
T I C N , BPOWNIAN AND G R A V I T A T I O N A L A G G L O M E R A T I O N . S E T T L I N G . P L A T I N G , 
AND LEAKAGE FPR S P H E R I C A L P A R T I C L E S . THE A P P R O X I M A T I O N IS THE 
R E Q U I R E M E N T THAT THE S I Z E D I S T R I B U T I O N F U N C T I O N BE L O G - N O R M A L . 
THE T I M E - D E P E N D E N T P H Y S I C A L Q U A N T I T I E S CCMPUTEO ARE ( 1 ) P L A T E D , 
S E T T L E D , S U S P E N D E D , AND LEAKED VCLUME F R A C T I O N S , ( 2 1 G E O M E T R I C 
MEAN D E V I A T I O N , NUMBER C O N C E N T R A T I O N , AND G E O M E T R I C MEAN R A D I U S 
FCR THE L O G - N O R M A L C I S T R I B U T I O N OF THE SUSPENDED M A T E R I A L , ( 3 ) THE 
5 0 PERCENT R A D I U S ( R Y M A S S ) FCR THE SUSPENDED M A T E R I A L , ( 4 ) THE 
NUMBER AND VOLUME D I S T R I B U T I O N S ( F U N C T I O N S OF R A D I U S ) FOR THE 
S E T T L E D , P L A T E D , AND LEAKED M A T E R I A L , ( 5 ) THE E F F E C T I V E R A D I I FOR 
THF S U S P E N D E D , S E T T L E D , AND PLATED M A T E R I A L . 

4 4 8 F L A S H 4 F L A S H 4 I S USEC TO C E T E R M I N E 
THE T R A N S I E N T RESPONSE OF A W A T E R - C O O L E D REACTOR OR H Y D R A U L I C S Y S 
TEM TP SEVERE V A R I A B L E PRESSURE O P E R A T I O N . 

4 7 9 F R E A D M l F R E A D M l IS A FAST REACTOR 
M U L T I C H A N N E L A C C I D E N T A N A L Y S I S PROGRAM D E S I G N E D TC E F F I C I E N T L Y 
S I M U L A T E A REACTPR T R A N S I E N T FROM I N I T I A T I O N TO THE P O I N T OF CORE 
D I S A S S E M B L Y . MODELS ARE I N C L U D E D FCR NUCLEAR K I N E T I C S ( P O I N T 
M O D E L ) , CORE T H E R M O - H Y D R A U L 1 0 S , V O I D I N G , FUEL R E D I S T R I B U T I O N , 
F A I L U R E P R O P A G A T I O N , PROGRAMMEC R E A C T I V I T Y I N S E R T I O N , ANO THE 
D Y N A M I C S OF P R I M A R Y SYSTEM COOLANT F L O W . A BROAC RANGE OF ASSUMED 
A C C I D E N T I N I T I A T I N G ANO P R O P A G A T I N G A C T I V I T I E S MAY BE S I M U L A T E D 
U S I N G T R I G G E R I N G L O G I C I N C L U C E C IN THE C O O E . 
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1 5 2 ARGUS ( R E 2 4 P ) T H I S PROGRAM C A L C U L A T E S 
T R A N S I E N T TEMPERATURES I N A C O N C E N T R I C , C Y L I N C R I C A L C O N F I G U R A a 
T I O N . UP TO 2 5 CONCENTRIC R E G I O N S ARE A L L O W E D , EACH C O N T A I N I N G 
E I T H E R A S T A T I O N A R Y ( S O L I D OR N O N S F L O W I N G L I Q U I D ) OR TURBULENTLY 
FLOWING ( L I Q U I D OR GASl M A T E R I A L . ANY S T A T I O N A R Y R E G I O N CAN 
HAVE S P A T I A L - AND T I M E - D E P E N D E N T HEAT G E N E R A T I O N . TEMPERATURES 
ARE CALCULATED AT NODE P O I N T S E Q U A L L Y - S P A C E D W I T H I N A R E G I O N . 
F I L M C O E F F I C I E N T S ON FLOWING R E G I C N B C U N C A R I E S ARE CALCULATED BY 
THE PROGRAM. T I M E - D E P E N D E N T COOLANT V E L O C I T I E S ARE P E R M I T T E D . 
THE HEAT SOURCF I S ASSUMED TC BE ANGULAR I N D E P E N D E N T . A X I A L HEAT 
CONDUCTION I S N E G L E C T E D , BUT A X I A L HEAT TRANSPCRT DUE T C MATERIAL 
MOTION I S C O N S I D E R E D IN THE FLOWING R E G I O N S . 

1 5 5 P T H l T H I S PROGRAM C A L C U L A T E S C O N 
T A I N M E N T SHELL P R E S S U R E - T E M P E R A T U R E H I S T O R Y R E S U L T I N G FROM AQUEOUS 
COOLANT SYSTEM BLPWDPWN. 

1 8 2 A X F L U A X F L U CALCULATES HEAT T R A N S 
FER FROM A L A T T I C E OF F L U I D C Y L I N D R I C A L FUEL P I N S TC COOLANT I N 
E I T H E R SLUG OR F U L L Y - C E V E L OP ED L A M I N A R FLOW. S O L U T I O N I S 
A N A L Y T I C AND C L O S F D , EXCEPT FCR S A T I S F Y I N G BOUNDARY C C N C I T I O N S 
AT A F I N I T E , (BUT A R B I T R A R Y ) , NUMBER OF BOUNDARY P O I N T S . 

1 8 3 AXTHRM AXTHRM C A L C U L A T E S HEAT TRANS
FER FROM A T R I A N G U L A R L A T T I C E OF CLAD S O L I D C Y L I N D R I C A L FUEL P I N 
TO COOLANT I N E I T H E R SLUG OR F U L L Y - D E V E L O P E D L A M I N A R FLOW. S C L U 
T I C N I S A N A L Y T I C AND C L O S E D , EXCEPT FOR S A T I S F Y I N G BOUNDARY C O N D I 
T I O N S AT A F I N I T E , (BUT A R B I T R A R Y ) , NUMBER CF BOUNCARY P O I N T S . 

1 9 8 H E A T I N G 2 H E A T I N G 2 IS A G E N E R A L I Z E D 
HEAT TRANSFER COOE CAPABLE OF S O L V I N G T R A N S I E N T A N D / O R S T E A C Y -
STATE OOCRCINATE S Y S T E M S . THE S I M P L I F I E D I N P U T MAKES I T A VERY 
USEFUL COOE FCR THOSE PRCBLEMS H A V I N G GEOMETRIOAL C O N F I G U R A T I O N S 
WHICH CAN BE D E S C R I B E D BY P A R A L L E L AND P E R P E N D I C U L A R L I N E S OR 
P L A N E S , OR CONCENTRIC C I R C L E S . THESE F I G U R E S CAN BE BROKEN UP 
I N T O A MAXIMUM OF 1 0 0 O N E - M A T E R I A L REGIONS W I T H P O S I T I O N AND T I M E -
DEPENDENT VOLUMETRIC HEAT G E N E R A T I O N R A T E S . UP TO 4 0 M A T E R I A L S 
WITH CONSTANT P R O P E R T I E S CAN PE C E S C R I B E D . ANO THE I N I T I A L T E M 
PERATURES OF THESE R E G I O N S ARE P O S I T I O N - D E P E N D E N T . THE BOUNCARIES 
OF THESE REGIONS CAN BE C O N T A C T . I N S U L A T E D . T I M E - D E P E N D E N T T E M 
PERATURE C O N T R O L L E D . CR FORCEC C O N V E C T I O N W I T H A T I M E - D E P E N C E N T 
S INK T E M P E R A T U R E . ALSO A R A D I A T I O N BCUNDARY W I T H A T I M E - D E P E N D E N T 
SINK TEMPERATURE IS I N C L U D E D . 
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7 0 5 R L 0 0 S T 5 B L O O S T S C O M B I N E S A REACTOR 
K I N E T I C S CCDE W I T H A T W O - D I M E N S I O N A L HEAT T R A N S F E R COCE. AND I S 
A P P L I C A B L E TO PRORLFMS FOR WHICH THE S P A C E - I N D E P E N D E N T 
FORM OF THE REACTOR K I N E T I C S E Q U A T I O N I S A P P L I C A B L E . 

2 ^ ? RATH M E S H E R / R A T H WANTON THESE CODES SOLVE THE T W C -
ANO T H R E E - D I M E N S I O N A L HEAT C C N D U C T I C N PROBLEM I N GENERAL G E O M E 
T R I E S . T I M E . T E M P E R A T U R E , AND P O S I T I O N - D E P E N D E N T P H Y S I C A L PRCPER
T I E S CAN RE U S E D . 

2 4 6 F L O W - M O D E L A MULT I - C H A N N E L , TWO -
O I M F N S I O N A L , T W O - P H A S E FLPW MODEL, D E S I G N E D TO COMPLTE THE A X I A L 
ANO P A D I A L COOLANT C E N S I T Y AND Q U A L I T Y P R O F I L E S , THE A X I A L PRESSUR 
P R O F I L E ANO THE W E I G H T FLOW C I S T R I B U T I O N FOR AN O P E N M A T R I X FLOW, 
R O I L I N G WATER R E A C T O R . 

2 5 6 MANTA MANTA I S A PRCGRAM WHICH P R C -
V I D E S A T H E R M A L - H Y D R A U L I C NODAL A N A L Y S I S I N THE STEADY S T A T E . I T 
WAS D E S I G N E D TO ANALYZE F U E L ELEMENT C O N F I G U R A T I O N I N THE S U P E R 
HEAT DEVELOPMFNT P R P G R A M . MANTA A N A L Y Z E S M I X I N G BETWEEN CCOLANT 
C H A N N E L S , ALLOWS FOP TEMPERATURE V A R I A N T C O N D U C T I V I T Y I N A D M I T 
TANCE C A L C U L A T I O N S , ANC M U L T I P L E STACKEC SEGMENTS THROUGH THE FUEL 
R F G I O N FOP A 7 ELEMENT C L U S T E R A N A L Y S I S CVER A LENGTH CF UP TC 
8 F E E T . MANTA I S D E S I G N E D FOR S I N G L E - P A S S STEAM FLOW. THE 
FLOW D I R E C T I O N I N THE CCCLANT CHANNELS MAY EE E I T H E R UP OR COWN, 
THEREBY P E R M I T T I N G THE A N A L Y S I S OF TWO-PASS AS WELL AS S I N G L E - P A S S 
FUEL E L E M E N T S . MANTA ACCOUNTS FOR THE HEAT TRANSFER ANO PRESSURE 
DROP THAT MAY OCCUR RETWEEN CPCLANT CHANNELS DUE TC M I X I N G AS WELL 
AS TO THE C O N V E N T I O N A L HEAT TRANSFER ANtJ PRESSURE DRCP R E L A T I O N 
S H I P S OUC TO F R I C T I O N , C I S C C N T I N U I T I E S , A C C E L E R A T I O N , C O N V E C T I O N , 
C O N D U C T I O N , AND R A D I A T I O N . MANTA ALLOWS FOR THE C A L C U L A T I O N AT 
EACH NODE OF THE M A T E R I A L P R O P E R T I E S V I S C O S I T Y , S P E C I F I C H E A T , 
C O N D L C T I V I T Y , AND S P E C I F I C VCLUME TC COPRESPONC TO THE ACTUAL NODE 
T E M P E R A T U R E B E I N G SOLVED F O R . THE C D C 6 6 C 0 V E R S I O N USES SOOIUM 
FOR THE WCRKING F L U I C RATHER THAN S T E A M . 

2 6 7 WATER WATER I S A S U B R C U T I N E USED TO 
E X T R A C T T H E R M O D Y N A M I C AND TRANSPCRT P R O P E R T I E S OF L I Q U I D , V A P O R , 
AND S U P E R C R I T I C A L WATER BY TABULAR I N T E R P O L A T I O N CVER THE RANGE CF 
STATES - 1 4 . 5 TO 1 4 , 5 0 0 F S I A ANC 3 2 TO 1 4 7 2 DEGREES F . THESE 
P R O P E R T I E S ARE S P E C I F I C V O L U M E , S P E C I F I C E N T H A L P Y , D Y N A M I C V I S 
C O S I T Y , AND THERMAL C O N D U C T I V I T Y , TABULATED FOR PRESSURE ANO T E M 
PERATURE C O N D I T I C N S . 
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2 7 2 F I G R O F I G R O CALCULATES T H E C N E - D I 
MENSIONAL S T E A D Y - S T A T E TEMPERATURE D I S T R I B U T I O N AND TOTAL FUEL 
S W E L L I N G FOP M E T A L - C L A C , A X I S Y M M E T R I C , E U L K - O X I O E C Y L I N D R I C A L FUEL 
E L E M E N T S . THE FUEL P E L L E T MAY BE S O L I D , A N N U L A R , OB C C N T A I N TWO 
R A D I A L Z O N E S . O X I D E FUEL THERMAL C O N D U C T I V I T Y I S A F U N C T I O N DF 
T E M P E R A T U R E , O E P L E T I C N , AND P O R O S I T Y . FUEL S W E L L I N G IS A FUNCTION 
OF T E M P E R A T U R E , D E P L E T I O N , I N T E R N A L H Y D R O S T A T I C P R E S S U R E , AND F I S 
S I O N I N G R A T E . E U E L - C L A C GAP CCNCUCTANCE I S A F U N C T I O N OF GAS COM
P O S I T I P N , T E M P E R A T U R E , AND GAP T H I C K N E S S AT C P E R A T I N G C O N D I T I O N S . 
E I T H E R THE CLAD SURFACE FLUX OR THE TEMPERATURE AT THE I N S I D E 
R A D I U S OF THE FUEL MAY BE S P E C I F I E D AS A BOUNDARY C O N D I T I O N FOR 
THE HEAT CONDUCTION E Q U A T I C N . THERMAL E X P A N S I O N OF THE FUEL ANC 
C L A D D I N G I S ACCCUNTEp F O R . T R A N S I E N T TEMPERATURE C A L C U L A T I O N S CAN 
THEN BF PERFORMED S T A R T I N G FROM THE S T E A D Y - S T A T E S O L U T I O N W I T H 
U S E R - S P E C I F I E D HEAT G E N E R A T I O N AND WATER TEMPERATUPE T A B L E S . 

2 8 6 H 0 T 2 H 0 T 2 I S A D I G I T A L COMPUTER 
PROGRAM TO SOLVE T W O - D I M E N S I O N A L PLANE AND A X I A L L Y SYMMETRIC 
S T E A D Y - S T A T E AND T R A N S I E N T HEAT O O N C U C T I O N PRCBLEMS W I T H DIAGONAL 
B C U N C A R I E S ANC I N T E R F A C E S . MESH S P A C I N G (AT MOST 5 0 0 0 P O I N T S I I S 
C O M P L E T E L Y V A R I A B L E . AS MANY AS 9 9 R E G I O N S ARE P E R M I T T E C I N ORDER 
TO D E S C R I B E S P A T I A L V A R I A T I O N S IN M A T E R I A L P R O P E R T I E S , HEAT 
G E N E R A T I O N R A T E S , ANO BCUNDARY C O N D I T I O N S . THE HEAT GENERATION 
RATE AND BOUNDARY C O N D I T I O N S MAY VARY W I T H T I M E . 

2 9 4 M 0 8 9 9 / H 0 H BY MAKING CALLS ON A SUBROU
T I N E C A L L E D HOH. M 0 8 9 9 E D I T S THERMODYNAMIC AND TRANSPORT PROPER
T I E S OF WATER OVER THE RANGE 1 4 . 5 TO 2 5 3 8 P S I A AND UP TO 6 0 8 
DEGREES F A H R E N H E I T BELOW S A T U R A T I O N AND 9 3 2 DEGREES F A H R E N H E I T 
ABCVE S A T U R A T I O N . 

2 9 9 L I O N L I O N I S A D I G I T A L COMPUTER 
PROGRAM WHICH W I L L SOLVE T H R E E - D I M E N S I O N A L T R A N S I E N T AND STEAOY-
STATE TEMPERATURE D I S T R I B U T I O N P R O B L E M S . THE I N P U T C O N S I S T S CF 
GEOMETRY, P H Y S I C A L P R O P E R T I E S , BOUNOARY C O N D I T I O N S , I N T E R N A L HEAT 
G E N E R A T I O N R A T E S , ANC COOLANT FLOW RATES AS A F U N C T I O N OF T I M E . 
IN A D D I T I O N TO S O L V I N G PROBLEMS OF HEAT C O N D U C T I O N I N A S T R U C T U R E , 
L I O N CAN HANDLE FORCED C O N V E C T I O N , FREE C O N V E C T I O N , AND R A D I A T I O N 
OR A C O M B I N A T I O N OF THESE AT THE SURFACE OF THE S T R U C T U R E . THE 
OUTPUT C O N S I S T S OF COMPLETE NODAL TEMPERATURE D I S T R I B U T I O N S ALONG 
WITH SURFACE FLUXES AND HEAT T R A N S F E R C O E F F I C I E N T S . AN O P T I O N I S 
INCLUDED I N THE PROGRAM FOR D E T E R M I N I N G THE MEAN TEMPERATURE I N 
ANY S P E C I F I E D S E C T I O N OF THE S T R U C T U R E . 
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3 3 1 « O 2 i q ( F L 0 T l ) F L O T l W I L L P R F D I C T THE 
S T E A D Y - S T A T F FLOW ANO THE FLOW T R A N S I E N T DUE TO THE SUBSEQUENT 
LOSS OF POWER TO ALL PUMPS AND T E R M I N A T E THE T R A N S I E N T AT A S P E 
C I F I E D T I M E OP I T W I L L P R E D I C T THE FLOW T R A N S I E N T I N WHICH ONLY 
SCME OF THE PUMPS ARE L O S T . T H I S L A T T E R T R A N S I E N T MAY BE T E R M I -
NATEC BY A MAXIMUM T R A N S I E N T T I M E CR BY CHECK VALVE CLOSURES I N 
ALL LOOPS I N W H I C H P U M P I N G POWER I S L O S T . I N THE L A T T E R E V E N T , 
THE PROGRAM W I L L P R E D I C T THE SUBSEQUENT S T E A C Y - S T A T E FLOW D I S T R I 
B U T I O N . 

3 ' ' 6 THTE THTE ( T R A N S I E N T HEAT TRANSFER 
V E R S I C N E ) P R O V I D E S A S O L U T I O N C A P A B I L I T Y FOR LARGE C O M P L E X , 
T H R E E - D I M E N S I O N A L T R A N S I E N T ANC S T E A C Y - S T A T E HEAT TRANSFER P R O B 
LEMS W H I C H CAN I N C L U D E C O N D U C T I O N , C O N V E C T I O N , AND R A D I A T I O N W I T H 
THE O P T I O N TO COMPUTE F L U I C FLOW RATES ON A O N E - D I M E N S I O N A L B A S I S . 

3 4 8 TOPS THE TOPS PROGRAM I S A D I G I T A L 
S I M U L A T I O N OF P R E S S U R I Z E S D Y N A M I C S BASEC ON A RIGOROUS A P P L I C A T I O N 
PF THE F I R S T LAW OF T H E R M O D Y N A M I C S AND P H E N O M O L O G I 0 A L HEAT AND 
MASS T R A N S F E R LAWS W I T H E M P I R I C A L L Y C E T E R M I N E D C O E F F I C I E N T S . THE 
PRPGRAM I S USEFUL I N S T U D Y I N G THE THERMCCYNAMI 0 PATHS OF P R E S S U R 
I Z E P T R A N S I E N T S AND I S C O N V E N I E N T TO USE AS A D E S I G N T O C L . 

3 4 9 TOODEE THE TCODEE PRCGRAM C A L C U L A T E S 
TEMPERATURES AT THE CENTER P O I N T S PF A T W O - D I M E N S I O N A L ARRAY I N 
X - Y , R - Z , PR P - T H F T A G E O M E T R Y . THE MESH I N T H I S ARRAY MAY BE 
V A R I A B L Y - S P A C E D . AVERAGED M A T E R I A L C O N S T A N T S ARE USED WHICH MAY 
BF S P A T I A L AND TEMPERATURE C E P E N C E N T . f R O V I S I O N IS MADE I N THE 
PRPGRAM FOR M A T E R I A L PHASE C H A N G E S . CHANNELS FOR FORCEC FLOW 
COOLANT MAY BE I N C L U D E D AT E X T E R I O R B O U N D A R I E S . I N A D D I T I O N TC 
THE TEMPERATURE A R R A Y , PROGRAM OUTPUT I N C L U D E S SURFACE T E M P E R A 
T U R E S ANC HEAT F L U X E S . 

3 8 2 RAPP RAPP COMPUTES THE R E L A T I O N 
S H I P AMONG MASS FLOW, P R E S S U R E , ANO P I P I N G R E S I S T A N C E ( K - F A C T O R ) 
FPR H I G H V E L O C I T Y FLOW CF A T W C - P H A S E M I X T U R E OF STEAM AND WATER. 
THE SOURCE F L U I D MAY BE SUBCOOLED CR SATURATED WATER, S A T U R A T E D 
S T E A M , OR A M I X T U R E OF STEAM AND W A T E R . THE DOWNSTREAM PRESSURE 
MUST BE BELOW THE S A T U R A T I O N PRESSURE CF THE SOURCE F L U I C . S P E C I 
F I C A P P L I C A T I O N S I N C L U D E P R E S S U R I Z E P SURGE L I N E PRESSURE CRCP AND 
PRESSURE C I S T R I R U T I O N COWNSTREAM OF A R E L I E F V A L V E . 

3 9 5 FLAC THE FLOW A N A L Y S I S CODE F L A C 
C A L C U L A T E S THE S T E A C Y - S T A T E FLCW AND PRESSURE D I S T R I B U T I O N IN AN 
A R B I T R A R Y N E T W O R K . THE PRCGRAM I N C L U D E S THE P O S S I B I L I T Y CF HEAT 
A D D I T I O N AND MASS A D D I T I O N I N ANY P O R T I O N OF THE N E T W O R K . 
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3 9 6 WA«P W*SP USES A UNIQUE METHOD TO 
QUICKLY CALCULATE VARIOUS WATER AND STEAM P H Y S I C A L PROPERTIES OVER 
AN EXTREMELY WIDE R A N G E . 

4 0 8 T A C ' C TAC2D I S DESIGNED TC TREAT 
T R A N S I E N T , TWO-DIMENSIONAL HEAT TRANSFER PROBLEMS. S T E A D Y - S T A T E 
PROBLEMS ARE TREATED BY C O N S I D E R I N G THE PRCBLEM TO BE A T R A N S I E N T , 
STARTING WITH AN ASSUMED TEMPERATURE D I S T R I B U T I O N ANO RUNNING 
U N T I L E Q U I L I B R I U M C O N D I T I O N S ARE E S T A B L I S H E C . GE OME TRICA L L Y , 
RECTANGULAR ( X - Y ) , C Y L I N D R I C A L ( R , Z ) , OR C I RCU L A R ( R , T H E T A ) COOR
D I N A T E S MAY PE U S E D . 

4 1 4 T A 0 3 C TAC3D I S DESIGNED TO TREAT 
T R A N S I E N T , T H R E E - D I M E N S I O N A L HEAT TRANSFER PROBLEMS. STEACY-STATE 
PROBLEMS ARE TREATED RY C O N S I D E R I N G THE PRCBLEM TO EE A T R A N S I E N T , 
STARTING WITH AN ASSUMEC TEMPERATURE D I S T R I B U T I O N AND RUNNING 
U N T I L E Q U I L I B R I U M C O N D I T I O N S ARE E S T A B L I S H E C . G E O M E T R I C A L L Y , THE 
PROBLEM MAY EE DEF INED RY EITHER RECTANGULAR ( X , Y , Z I CR C Y L I N D R I 
CAL ( R , Z , T H E T A ) C C O R C I N A T F S . 

4 7 4 GLUB l G L U P l SOLVES THE WATERLOGGING 
TRANSIENT CAUSED BY THE E X I S T E N C E OF A FUEL ELEMENT CLACDING 
DEFECT DURING AN INCREASE I N POWER. THE PUWER I S E I T H E R - CASE 1 , 
PUT I N AS AN ARBITRARY FUNCTICN CF T I M E , OR CASE 2 , ASSUMED TO BE 
A SERIES OF L INEAR RAMPS TC A NEW S T E A C Y - S T A T E WITH STEEPER ANC 
STEEPER S L O P E S . ALL THE GEOMETRY ANO METAL PROPERTIES ARE INPUT 
Q U A N T I T I E S . WATER PROPERTIES ARE OBTAINED FROM INTERNAL T A B L E S . 
CLAD AND FUEL THERMAL, S T R E S S , AND S T R A I N COMPUTATIONS ARE PER
FORMED. THE OUTPUT CONSISTS CF INTERNAL PRESSURE AND DEFECT FLOW. 
FOR CASE 1 , THE CLAD STRESS VERSUS T I M E I S CUTPUT, AND FOR CASE 2 , 
THE NEW STEAOY-STATE POWER WHICH J U S ! CAUSES CLAD F A I L U R E I S OUT
PUT. 

4 3 2 0OERA3 CPRRA3 CALCULATES THE 
STEADY-STATE AND TRANSIENT FLOW, ENTHALPY AND PRESSURE CROP IN 
THE SUBCHANNELS OF RPD BUNDLE NUCLEAR FUEL ELEMENTS DURING BOTH 
B O I L I N G AND N O N B O I L I N G C C N C I T I C N S . THE PROGRAM USES A MATHEMAT
I C A L MPDEL THAT INCLUDES THE EFFECTS CF TURRULENT ANO D I V E R S I O N 
CRCSSFLCW M I X I N G BETWEEN THE SUROHANNELS. 

4 4 0 DYNAM DYNAM PERFCRMS A DYNAMIC ANA
L Y S I S OF ONCE-THROUGH B O I L I N G FLOW O S C I L L A T I O N S W I T H STEAM SUPER
H E A T . THF MODEL D E S C R I B I N G THE SUPERHEAT REGIME ( S I N G L E - P H A S E , 
V A R I A B L E DENSITY F L U I D ) FOR S U B C R I T I C A L PRESSURE O P E R A T I O N I S ALSO 
A P P L I C A B L E TC THE STUDY CE ONCE-THRCUGH OPERATION U S I N G S U P E R C R I 
T I C A L PRESSURF WATER. 
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4 5 8 VELVET2 VELVET2 SOLVES THE CCUPLED 
HEAT TRANSFER EOUATIONS IN THE FUEL, GAP, CLADDING, AND COOLANT 
FOR A TRIANGULAR-SPACED, CLOSE-PACKED FLEL ROD BUNDLE WITH L IQUID 
METAL COCLANT. THE MOCEL INCLUDES TEMPERATURE-DEPENDENT MATERIAL 
PPPPERTIES, TURBULENT VELOCITY CISTRIBUTION IN THE COOLANT, ANO 
CONTRIBUTIONS TO COOLANT HEAT TRANSFER BY TURBULENT M I X I N G . 

473 C H I C - K I N O H I O - K I N TREATS FAST AND 
INTERMEDIATE REACTIVITY TRANSIENTS IN A WATER-COOLED HETEROGENEOUS 
NUCLEAR REACTOR. THE PRCGRAM CALCULATES THE POWER, TEMPERATURES, 
ANO INTERNAL PRESSURE SURGES WHEN CCNTPCL RCD MOTION, INLET TEM
PERATURE, INLET FLPW, ANC SYSTEM PRESSURE APE KNOWN FUNCTIONS OF 
T IME. THE REACTCR MODEL CCNSICERED IS A SINGLE PASS WATER-COOLED 
CORE REPRESENTED RY A SINGLE FUEL ELEMENT-CCOLANT PASSAGE SYSTEM 
WITH PFACTIVITY FEECBACK TO THE K INETICS EQUATIONS. 

483 REPP THE REPP COMPUTER CODE 
PROVIDES A MFTHOD FOR ( 1 ) EVALUATING FUEL TEMPERATURES AND C R I T I 
CAL HEAT FLUX MARGINS FOR A FIXED REACTOR CORE AND FUEL DESIGN, 
( 2 ) DETERMINING THE NUMBER OF FUEL PINS REQUIRED TO MAINTAIN SPE
C I F I E D HEAT FLUX MARGINS FROM BURNOUT AT A GIVEN REACTOR POWER 
LEVEL, ( 3 1 DETERMINING THE DIAMETER PF A FUEL PIN TC DESIGN 
WITHIN FUEL CENTERLINE TEMPERATURE L I M I T S AT A SPECIFIED REACTOR 
POWER L E V E L , ( 4 ) EVALUATING THE SINTERING EFFECT CN FUEL TEMPERA
TURE, ( 5 ) CALCULATING PRESSURE DROP AND CPCLANT PRCPERTIES FOR 
SINGLE-PHASE ANO TWO-PHASE FLOW FOR FUEL CPERATING AT AVERAGE 
REACTPR CONDITIONS AND A THEORETICAL HOT PIN HOT CHANNEL CONDI
T I O N , ANC ( 6 ) CALCULATING PRESSURE CROP ACROSS SEVERAL TYPES OF 
FUEL P IN SPACERS. 

487 STEAM-67 STEAM-67 IS A SET OF ROUTINES 
FOR CALCULATING THE PROPERTIES CF STEAM ANO WATER ACCORCING TC THE 
ASME STEAM TABLES, 1 9 6 7 . 
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4 8 FUGUE THE FUGUE PROGRAM COMPUTES 
S T E A O Y - S T A T E WALL AND BULK F L U I C T E M P E R A T U R E , V O I D F R A C T I O N , AND 
LOCAL PRESSURE I N L ! Q U I D - C C O L E C CLOSED CHANNELS I N W H I C H THE HEAT
ING PATE IS S P E C I F I E D . THE R E Q U I R E D R E L A T I O N S H I P S ARE EXPRESSED 
I N G E N E R A L , N C N - D I M E N S I C N A L FCRM ANC C O M B I N E D I N AN I N T E R N A L L Y 
C O N S I S T E N T MANNER TP ALLOW P R E D I C T I O N S FCR A V A R I E T Y CF COOLANTS 
ANC S P E C I F I E C O P E R A T I N G C O N D I T I O N S . 

80 SPP2 S0R2 SOLVES FOR 
STRESSES, CEFLECTIONS. AND STRAINS IN TIIN SHELLS OF 
THE SHELLS MAY BE GENERAL SURFACES CF REVOLUTION WITH 

THE FORCES, 
REVOLUTION. 
1 VARIABLE 

THICKNESSES AND ELASTIC M O D U L I I . THIS INCLUDES THE MORE FAMILIAR 
FORMS - THE CIRCULAR FLAT PLATE. CONE, CYLINCER, SPHERE, ELLIPSE, 
AND TPRII WITH CIRCULAR OR ELLIPTICAL CROSS SECTICNS, 
SIMPLIFIED INPUT IS U S E D . THE AXISYMMETRIC LOADINGS 
INCLUDE ARBITRARY DISTRIBUTIONS CF NORMAL, TANGENTIAL 

FOR WHICH A 
CONSIDERED 
AND MOMENT 

SURFACE LOADINGS, AS WELL AS EDGE FORCES AND DEFLECTIONS. THE 
EEFECTS CF RADIAL ANC AXIAL TEMPERATURE CISTRIBUTIONS 
LOADING DUF TO ROTATION ARCUT THE AXIS AND VIBRATION 

, CENTRIFUGAL 
ARE INCLUDED. 

THE ADDITIONAL EFFECTS OF MISALIGNMENT, LINE LOADS, ANO ELASTIC 
SUPPORTS AT THE SHELL INTERSECTIONS ARE CONSICEREC. 

1 0 9 4 R F S T R A I N T P I P E STRESS CCCE T H I S PROGRAM E V A L U A T E S A FOUR 
R E S T R A I N T P I P I N G SYSTEM D E S I G N E D FOR H I G H TEMPERATURE O P E R A T I O N . 

1 1 2 CROCK CROCK S E L E C T S THE M I N I M U M 
WEIGHT D E S I G N FOR A SPACE POWER PLANT I N WHIOH THE WASTE CYCLE 
HFAT IS R A D I A T E D D I R E C T L Y TQ SPACE FROM THE C O N D E N S E R . I T 
ACOOLNTS FOR HEAT T R A N S F E R , F L U I C F L OW, M E T E O R O I D P R O T E C T I O N , AND 
THE GEOMETRIC P R O P E R T I E S OF A R A D I A T C R - C O N O E N S E R . 

1 1 4 SHOCK SHOCK S E L E C T S THE M I N I M U M 
WEIGHT D E S I G N FOR A H E A T - R E J E C T I O N SYSTEM FOR A SPACE POWER PLANT 
I N WHICH THE S E N S I B L E HEAT LOST FRCM A S I N G L E - P H A S E F L U I D I S R A D I 
ATED TO S P A C E . I T ACCOUNTS FOR HEAT T R A N S F E R , F L U I D F L C W , M E T E -
C R C I O P R O T F C T I C N AND R A D I A T O R G E O M E T R Y . 

1 8 7 C E N T R I F U G A L PUMP IMPELLER D E S I T H I S SYSTEM HAS BEEN 
DEVELOPED FOR THE D E S I G N AND DEVELOPMENT OF H I G H S P E E D T U R B O -
MACHINERY FOR P U M P I N G H I G H TEMPERATURE L I Q U I C M E T A L S . AFTER 
I N I T I A L I N G THE A N A L Y S I S ANC C E S I G N EFFORT BY E S T A B L I S H I N G 
THE PUMP C O N D I T I O N S OF S E R V I C E THE CCDES ARE USED TO D E F I N E THE 
PUMP I M P E L L E R C E S I G N . IN ALL PROGRAMS, REAL F L U I D E F F E C T S ARE 
NOT C O N S I D E R E D . THE M A C H I N I N G CODE PRCCUCES A PAPER TAPE FOR 
USE I N THE ACTUAL F A B R I C A T I O N OF THE I M P E L L E R . 



945 

D E F O R M A T I O N AND STRESS C I S T R I B U T I O N C O M P U T A T I O N S , 3 / 7 2 
S T R X T U R A L A N A L Y S I S AND E N G I N E E R I N G C E S I G N S T U D I E S 

1 9 0 W C P F X P R T , W E I G H T O P T I M I Z A T I O N THE PURPOSE OF THE OODE I S TO 
CHOOSE THE L I G H T E S T REACTPR R E S L L T I N G FROM ALL P O S S I B L E C C M -
R I N A T I C N S OVER THE RANGE OF REACTOR I N D E P E N D E N T V A R I A B L E S 
S P E C I F I E D . THE E N G I N E E R I N G C A L C U L A T I O N S FOR EACH REACTOR C E S I G N 
ARE BASED PN A L I Q U I D - C O O L E D C Y L I N D R I C A L REACTCR H A V I N G P I N - T Y P E 
FUEL E L E M E N T S . REACTCP CONTROL IS ASSUMEC TO BE E F F E C T E D RY 
MOVABLE S I D E R E F L E C T O R S S U R R C U N C I N G THE C O R E . NECESSARY P H Y S I C S 
DATA I S I N P U T I N T H F FORM OF SECOND-DEGREE E Q U A T I O N S AS A F U N C T I C N 
CF THE I N D E P E N D E N T V A R I A B L E S . 

2 3 2 G A Z E L L E S D E T E R M I N A T I O N OF G A S - C O O L E D 
F A S T REACTOR CORE P R O P O R T I O N S R E Q U I R E D TC S A T I S F Y S P E C I F I E D D E S I G N 
C O N S T R A I N T S ANO C O M P U T A T I O N CF R E S U L T I N G PERFCRMANCE C H A R A C T E R 
I S T I C S . 

2 3 3 COPE THE REACTOR CORE C C N F I G U R A -
T I C N D E S I G N E D BY THE CCPE PROGRAM C O N S I S T S OF C Y L I N C R I C A L FUEL 
E L E M E N T S ARRANGED PN AN E Q U I L A T E R A L P I T C H S P A C I N G W I T H I N T E R N A L 
AND EXTERNAL C O O L I N G . THE FUEL ELEMENT I S COMPOSED OF THREE C O N 
C E N T R I C G R A P H I T E R I N G S , AN I N T E R N A L COOLANT C H A N N E L , ANC A S P I N E . 
THE COOLANT CHANNEL I S FORMED BY THE S P I N E AND INNER G R A P H I T E 
R I N G . THE FUEL I S C C N T A I N E O I N THE M I C C L E G R A P H I T E R I N G . CORE 
W I L L D E T E R M I N E THE NUMBER OF FUEL ELEMENTS OF A S P E C I F I E D D I A M E T E R 
AND L E N G T H R E Q U I R E D TO S A T I S F Y A G I V E N CENTRAL FUEL T E M P E R A T U R E . 
I T ALSC A D J U S T S THE P I T C H S P A C I N G R E Q U I R E C T C PRODUCE A C E S I R E D 
PRESSURF DROP AS WELL AS P R O V I D I N G A S P E C I F I E D I N T E R N A L C O O L I N G 
R A T E . 

2 4 4 C Y C L O P S l C Y C L O P S l I S A PRCGRAM FCR THE 
A N A L Y S I S OF T H E R M O D Y N A M I C S Y S T E M S . I T I S A GENERAL PURPOSE 
PROGRAM THAT PERFORMS A HEAT AND MASS BALANCE FOR T H E R M C C Y N A M I C 
SYSTEMS COMPOSED OF P U M P S , T U R B I N E S , S E P A R A T O R S , HEAT E X C H A N G E R S , 
COMPRESSORS ANO FLOW T H R O T T L I N G C E V I C E S . T H E S E COMPONENTS MAY BE 
CONNECTED I N ANY D E S I R E D W A Y . THE THERMCDYNAMIC F L U I C S THAT MAY 
BE USED ARE WATER, A I R , N I T R O G E N , AND P A R A - H Y D R O G E N . 

2 5 0 S A F E - P C R S S A F E - P C R S N U M E R I C A L L Y D E T E R 
M I N E S THF S T R E S S ANC S T R A I N C I S T R I B U T I O N W I T H I N E I T H E R HOMOGENEOUS 
OR HETEROGENEOUS T H I G K - W A L L E C B O D I E S OF R E V O L U T I O N . IT IS 
D E S I G N E D FOR THE A N A L Y S I S OF M U L T I - M A T E R I A L A X I S Y M M E T R I C C O M P O S I T E 
S T R U C T U R E S SUCH AS R E I N F C R O E C A N C / C R P P E S T R E S S E C CONCRETE V E S S E L S . 
D E F O R M A T I O N S MUST BE W l T H I N THE E L A S T I C L I M I T OF THE M A T E R I A L S 
C O N S I D E P E D AND ONLY B C C I E S CF R E V O L U T I O N S U B J E C T E D TO A X I S Y M M E T R I C 
L O A D I N G CAN BE T R E A T E D . 
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251 SAFE-AXISYM SAFE-AXISYM I S A PROGRAM FOR 
THE ANALYSIS OF MULTI-MATERIAL AXISYMMETRIC COMPOSITE STRUCTURES. 
IT IS DESIGNED FOR THE ANALYSIS CF HETEROGENEOUS STRUCTURES SUCH 
AS REINFORCED AND/OR PRESTRESSEC CONCRETE VESSELS. THE STRUCTURE 
IS ASSUMED TO BE LINEARLY ELASTIC, AND CNLY BODIES OF REVOLUTION 
SUBJECTED TO AXISYMMETRIC LOADING CAN BE TREATED. 

252 SAFE-PLANE SAFE-PLANE IS APPLIED TC TWO-
DIMENSIONAL STRUCTURES OF ARBITRARY GEOMETRY UNDER IN-PLANE LOADS. 
EITHER PLANE STRESS OR PLANE STRAIN CONCITIONS MAY BE IMPOSED. 
MECHANICAL AND/OR THERMAL LOADS ARE PERMITTED. 

253 SAFE-SHELL SAFE-SHELL IS USED TC CESIGN 
AND ANALYZE AXISYMMETRIC THIN SHELL STRUCTURES OF ARBITRARY 
GENERATRICES UNDER AXISYMMETRIC MECHANICAL AND/OR THERMAL LOADING 
CONCITIONS. THE INTERSECTION CF TWO CP MORE SHELLS CAN BE 
TREATED. 

266 CYGR02 CYGR02 I S USED TO DETERMINE 
STRESSES AND STRAINS CURING STEACY-STATE AND TRANSIENT POWER 
OPERATION OF AN OXIDE-FUELED, METAL CLAD ROD-TYPE FUEL ELEMENT IN 
A PRESSURIZED ENVIRONMENT. MAJOR LOADING CONDITIONS INCLUDE FUEL 
SWELLING, F ISSION GAS AND COOLANT PRESSURE, CLAD GROWTH AND D I F 
FERENTIAL THERMAL EXPANSION. THE APPLICATION FOR ViHICH THE PRO
GRAM HAS BEEN DEVELOPED IS ZIRCALOY TUBES CONTAINING BULK OXIDE 
FUFL. AXIAL AND A7IMUTHAL SYMMETRY CF TEMPERATURE ANC STRESSES IS 
ASSUMED. 

282 SFALSHELL2 ( M D l l O ) THE SEALSHELL2 PRCGRAM DETER
MINES STRESSES, STRAINS, DEFLECTIONS, AND REACTIONS IN A THICK 
SHELL OF REVOLUTION WITH AXISYMMETRIC LOADING. THE LOADING CON
SISTS OF A TEMPERATURE D I S T R I B U T I O N , INSIDE AND OUTSIDE PRESSURE 
DISTRIBUTIONS, ANC CIRCUMFERENTIAL FORCES AND MOMENTS APPLIED TO 
THE MIDDLE SURFACE. THE SHELL IS LINEAR-ELASTIC WITH TENSILE, 
BENDING, ANC SHEAR STRAINS. 

283 M05S2 M0SS2 SOLVES THE TRANSIENT 
RESPONSE PRORLEM OF LINEAR ELASTIC, LUMPED-MASS SYSTEMS SUBJECTED 
TO A UNIDIRECTIONAL FOLNDATICN TRANSIENT THAT CAN EE EITHER A 
VELOCITY PR ACCELERATION TRANSIENT. NORMAL MODE THEORY IS USED 
AND THE INPUT TC THE PROCRAM CONSISTS OF THE MODE SHAPES, FREQUEN
C I E S , ANO FOUNDATION TRANSIENT. ELEMENT EFFECTS ARE ALSO EVALU
ATED AS A FUNCTION OF T I M E . MODAL DAMPING COEFFICIENTS MAY BE 
SPECIFIED. 
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300 SAFE-CREEP SAFE-CREEP PERFORMS A V ISCO
ELASTIC ANALYSIS OF PLANE OR AXISYMMETRIC COMPOSITE CONCRETE 
STRUCTURES WITH AGE- AND TEMFERATURE-DEPENCENT CREEP DATA. 

315 WIREX WIBEX PRODUCES WIRING L I S T S 
CONTAINING ALL THE INFORMATICN NORMALLY FOUND CN DETAILED WIRING 
DRAWINGS. THESE L ISTS APE PRESENTED TO THE ELECTRICIANS AS A JOB 
BOOK CONTAINING INFCRMATION IN THE ORDER IN WHICH IT IS REQUIRED 
FPR LOGICAL PROCEDURE THROUGH A WIRING JOB. WIREX L I S T S WERE USED 
EXTENSIVELY DURING INSTALLATION FOR THE UHTREX PROJECT. 

3 2 9 M 0 4 5 7 ( P I P E ) P IPE PERFORMS AN ELASTIC 
STRESS ANALYSIS OF A 3-DIMENSIONAL P IP ING STRUCTURE WITH THERMAL 
STRESSES, REDUNDANT LOOPS, AND CONCENTRATED LOADS. 

332 SAFE-3D SAFE-3D IS A F INITE-ELEMENT 
PROGRAM FOR THE THREE-DIMENSIONAL ELASTIC ANALYSIS OF HETEROGENE
OUS COMPOSITE STRUCTURES. THE PROGRAM USES THE FOLLOWING TYPES OF 
F I N I T E ELEMENTS - ( 1 ) TETRAHEORAL ELEMENTS TO REPRESENT THE CON
TINUUM, ( 2 1 TRIANGULAR PLANF STRESS MEMBRANE ELEMENTS TO REPRESENT 
INNER LINER OR OUTER CASE, AND (31 UNIAXIAL TENSION-COMPRESSION 
ELEMENTS TO REPRESENT INTERNAL REINFORCEMENT. THE STRUCTURE CAN 
BE CF ARBITRARY GEOMETRY ANC HAVE ANY CISTRIBUTION OF MATERIAL 
PROPERTIES, TEMPERATURES, SURFACE LOADINGS, AND BCUNCARY CCNDI 
T I O N S . 

337 STEM STEM CALCULATES AND PUNCHES 
OUT PARTIALLY-COUPLED MASS, STIFFNESS AVID INTERNAL LOAD FUNCTION 
MATRICES FOR A STRUCTURAL SYSTEM OF BEAMS HAVING PRISMATIC SEG
MENTS. SHEAR DEFORMATION ANC ROTATIONAL INERTIA ARE INCLUDED IN 
THF CALCULATIONS. 

344 GFM GEM IS INTENDED PRIMARILY TO 
PERFORM VIBRATION STUDIES WITH THE CAPABIL ITY OF GENERATING INPUT 
FOR THE VEP (V IBRAT ION EIGENVALUE PRCBLEM) ROUTINE AND PERFORMING 
ADDITIONAL OPERATIONS CN THE OUTPUT FROM THE SHO (SHOCK) SEGMENT. 
GIVEN A SYSTEM OF MASSES AND SPRINGS, THE VEP ROUTINE COMPUTES THE 
NATURAL FREQUENCIES OF THE VIBRATING SYSTEM AS WELL AS THE MCDE 
SHAPES FOR EACH FREQUENCY. GIVEN THE MOCE SHAPES, FREQUENCIES, 
ANO MASSES OF A VIBRATING SYSTEM, THE SHO ROUTINE WILL COMPUTE THE 
CEFLECTICNS ANO FORCES AT THE MASS POINTS. 
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353 SWELL2 SWELL2 WAS DEVELOPED TC PRO
VIDE THE FUEL-ELEMENT LIFETIME DATA REQUIRED FOR POWER PLANT CPTI-
MIZATION STUDIES. THE PROGRAM COMMENCES BY CALCULATING RADIAL AND 
AXIAL TEMPERATURES IN A FUEL ELEMENT. THE FUEL WHIOH IS HOTTER 
THAN THE EF F ECT IV E-F IS S ION-GA S-R EL EA SE-TE MPE RATURE IS CONSIDERED 
TC RELEASE ITS FISSION GAS IMMEDIATELY TC A PLENUM, ANC THE PRES
SURE OF ALL PLENUM GAS IS CALCULATED. THE PRESSURE CF THE GAS 
RETAINED FOR A WHILE IN THE COLDER FUEL IS ALSO CALCULATED. AT 
EACH AXIAL POSITION THE PLENUM PRESSURE IS COMPARED WITH THE PRES
SURE EXERTED PY RETAINED FISSION GAS, AND THE LARGER OF THE TWO 
PRESSURES IS CONSIDERED TO BE THE EFFECTIVE PRESSURE AS FAR AS 
CLADDING DAMAGE IS CONCERNED. THE CLACDING IS ASSUMED TO FAIL 
WHEN ITS CUMULATIVE CAMAGF EQUALS UNITY AT ANY AXIAL POSITION. 
DAMAGE COMPONENTS APE PRIMARY CREEP, SECCNDARY CREEP, RATCHETING 
GROWTH DUE TO THERMAL CYCLING, FATIGUE DUE TO THERMAL CYCLING, AND 
STRAIN DUE TO INEXORABLE FUEL SWELLING. AT EACH STEP OF THE CAL
CULATIONS THE FUEL ELEMENT IS SUBJECTEC TO SEVERAL CONDITIONS OF 
ABNORMAL OPERATION (OVERPOWER, FLOW COASTDOWN, ETC.) TO ENSURE 
THEY COULD NOT PRODUCE ENOUGH ACDITIONAL DAMAGE TO CAUSE FAILURE 
AT THAT TIME. 

357 SUPORAN SUPORAN SOLVES FOR STEADY-
STATE DEFORMATION AND STRENGTH CHARACTERISTICS OF A NUCLEAR REAC
TOR CCRE SUPPORT STRUCTURE. THIS STRUCTURE IS ASSUMED TO BE MADE 
OF TWO CIRCULAR PLATES WHICH ARE LOCATED ABOVE EACH OTHER AND ARE 
INTERCONNECTED PERPENCICULARLY WITH CONCENTRIC ROWS OF TUBULAR 
MEMBERS. THE GECMETRY OF THE STRUCTURE AND ITS LOADING (TRANS
VERSE PRESSURE ANO INTERNAL TEMPERATURE GRADIENTSI ARE ALL CF 
AXISYMMETRICAL NATURE. 

365 B0W2 80W2 IS USED TO CALCULATE 
DEFLECTIONS OF CLCSELY-SPACEC PARALLEL BEAMS, EACH WITH LIMITED-
PIVOT SUPPORT AT ONE END, PCSSIBLE EEAM INTERACTIONS AT THE CTHER 
END ANO AT ONE INTERMECIATE POSITION, ASSUMING AN ARBITRARY TEM
PERATURE DISTRIBUTION. 

378 TUPE TUBE SOLVES FOR THE STRESSES 
DUE TP PRESSURE AND TEMPERATURE IN A U-TUBE TYPE HEAT EXCHANGER. 
SPECIFICALLY, IT HANDLES A CONFIGURATION CONSISTING OF A SPHERICAL 
HEAD, PRIMARY TRANSITION CYLINCER, AND SECONDARY CYLINDER. THE 
TRANSITION CYLINDERS MAY BE CONICAL AND TAPERED IN THICKNESS, BUT 
THE REMAINING SHELLS ARE OF UNIFORM THICKNESS. THE SPHERICAL 
HEAD AND THE TRANSITION CYLINDERS MAY EE OMITTED FROM A PROBLEM. 

379 SAFE-2D SAFE-20 PERFORMS THE ELASTIC 
STRESS ANALYSIS OF GENERAL AXISYMMETRIC, PLANE, AND COMBINED AXI
SYMMETRIC AND PLANE COMPCSITE STRUCTURES. 
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3 8 3 M 0 2 6 6 M! ,266 COMPUTES THE D Y N A M I C 
SHOCK F O R P E S ANO MODAL F R E Q U E N C I E S A C T I N G ON A LUMPED M A S S , L I N E A R 
E L A S T I C MODEL OF A STRUCTURE S U B J E C T E D TO SHOCK S P t C T R U M I N P U T S . 
THE MCDEL EMPLOYED I S A C O L L E C T I O N OF LUMPEC MASSES CONNECTED BY 
W E I G H T L E S S F L E X I B L E E L E M E N T S . I F THE O R I G I N A L STRUCTURE I S NCT 
S T A T I C A L L Y D E T E R M I N A T E , REDUNDANT FORCES MUST BE I N T R O D U C E D TO 
ENSURE A P R I M A R Y STRUCTURE THAT I S . 

3 9 1 SORSDB SORSDB WAS W R I T T E N TO C A L C U 
L A T E THE STRESS I N T E N S I T I E S AND F A T I G U E USAGE FACTORS FCR P R E S 
SURE V E S S E L S ( S T R U C T U R A L M E M B F R S I I N ACCORDANCE W I T H THE ASME 
C O D E , NUCLEAR V E S S E L S , S E C T I O N 3 . THE INPUT R E Q U I R E S THE B A S I C 
MEMBRANE AND B E N D I N G S T R E S S E S GENERATED BY THE SCR2 CCCE (ACC 
ABSTRACT 8 0 1 OR ANY A D A P T A B L E SHELL PROGRAM. THE O L T P U T I N C L U D E S 
STRESS D I F F E R E N C E S , STRESS I N T E N S I T I E S , AND F A T I G U E USAGE F A C T O R S . 

3 9 7 G A F L 3 GAPL3 D E T E R M I N E S THE I N E L A S 
T I C , L A R G E - D E F L E C T I O N B E H A V I O R OF T H I N PLATES OR A X I A L L Y SYMMETR I C 
S H E L L S W I T H PRESSURE L O A D I N G ANO D E F L E C T I O N R E S T R A I N T S . 

4 0 2 S A B 0 R 4 SABPR4 I S A D I S C R E T E ELEMENT 
D I S P L A C E M E N T PROGRAM FCR T H E L I N E A R - E L A S T I C , S T A T I C , L O A O - D E F L E C -
T i r ^ - - - - _ _ . . 
BR/ 

SPLACEMENT PROGRAM FCR T H E L I N E A R - E L A S T I C , S T A T I C , L O A O - D E F L E C -
PN A N A L Y S I S OF M E R 1 D I O N A L L Y - C U R V E D , V A R I A B L E - T H I C K N E S S , 

! A N C H E D , T H I N S H E L L S OF R E V O L U T I O N WHICH MAY BE SUBJECTED TO C O N -
fciToATcrt (-»n n t c T o i Q i i T C n C V T C D H I A I I r AT 1 K r A M P T O I C P T L - C D M A I f l D 

4 0 4 F I N E L F I N E L I S A C O L L E C T I O N CF 3 
PROGRAMS FOR THE C A L C U L A T I O N OF THE E L A S T I C AND P L A S T I C B E H A V I O R 
OF S T R U C T U R E S . THE STRUCTURES ARE B U I L T UP FROM PLATES AND B A R S , 
W H I C H CAN BE ARRANGED I N E I T H E R 2 - D I M E N S I C N A L OB 3 - C I M E N S I ONAL 
A S S E M B L I E S . THE P L A T E S CAN RE I N PLANE S T R E S S OR PLANE S T R A I N . 
F 1 N E L 2 H A N D L E S 2 - 0 STRUCTURES O N L Y . F I N E L 3 CAN HANCLE BOTH 2 - ANO 
3 - D S T R U C T U R E S , BUT I S SLOWER. 



950 

I. DEFORMATION ANO STRESS CISTRIBUTION COMPUTATIONS, 3/72 
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412 MANEl THE MANEl PRCGRAM FINDS THE 
MAGNETIC FLUX IN EACH BRANCH OF A MAGNETIC NETWORK CONSISTING OF A 
NUMBER OF BRANCHES OF IRCN AND AIR. THE PROBLEM IS ONE STEP IN 
THE DESIGN OF SLOW SPEED RELUCTANCE MOTORS IN WHICH THE MAGNETIC 
FLUX IS DETERMINED IN ALL COMPONENT PARTS FOR A POSITION OF THE 
ROTOR WITH RESPECT TO THE STATOR. 

449 0YGRO3 CYGR03 IS AN EXTENSIVE MODI
FICATION OF CYGROl AND CVGR02 (AGO ABSTRACT 266). BASICALLY THE 
PROGRAM CALCULATES TEMPERATURES, DEFORMATION, AND STRESSES IN 
CLACCED FUEL RODS AS A FUNCTION OF A HISTORY OF POWER ANO COOLANT 
CONDITIONS. AXIAL AND CIRCUMFERENTIAL UNIFORMITY ARE ASSUMED. 
BUBBLE GROWTH ANO MIGRATION ARE INCLUDED. THE MAIN CHANGES FRCM 
CYGROl ANC CYGR02 ARE IN THE AREA OF VOID MIGRATION, FUEL CRACK
ING, CLAD COLLAPSE, REPRESENTATION OF IN-PILE CREEP AND CLAC 
ANISCTROPY. 

451 SAFE-CRACK SAFE-CRACK PERFORMS A VISCO
ELASTIC ANALYSIS OF PLANE ANC AXISYMMETRIC COMPOSITE CONCRETE 
STRUCTURES SUBJECTED TC TRANSIENT TEMPERATURE AND MECHANICAL LOAD
INGS. THE SPECIFIC CREEP OF CONCRETE AS AN AGE ANO TEMPERATUBE 
DEPENDENT FUNCTION, ANC CONCBETE FAILUBE UNDER COMBINED STRESSES 
ARE CONSIDERED. PARTICULAR EMPHASIS IS PLACED ON THE CRACKING 
ANALYSIS IN CONCRETE STRUCTURES AND THE NONLINEAR DEPENDENCE OF 
CREEP PROPERTY ON TRANSIENT TEMPERATURE. 

452 SHELLS SHELLS PERFORMS AN ELASTIC 
STRESS ANALYSIS OF SMOOTHLY CURVED, ARBITRARILY SHAPED, THREE-
DIMENSIONAL THIN SHELLS WITH ANY DESIRED DISTRIBUTIONS CF MATERIAL 
PROPERTIES, BCUNDARY CONSTRAINTS, AND MECHANICAL, THERMAL, AND 
DISPLACEMENT LOADING CONDITIONS. 

460 LIFEl LIFEl IS DESIGNED TO PREDICT 
THE IN-PILE BEHAVIOR OF CYLINDRICAL FAST REACTOR FUEL ELEMENTS. 
ASSUMING AXIAL SYMMETRY, THE GENERALIZED PLANE-STRAIN ANALYSIS 
COMBINES MODELS FOR FUEL RESTRUCTURING, MIGRATION CF FUEL CONSTI
TUENTS, FUEL SWELLING DUE TO ACCUMULATION OF FISSION PRODUCTS, 
FISSION GAS RELEASE, HOT PRESSING OF THE FUEL, AND CLAD SWELLING 
DUE TO VOID NUCLEATION AND GROWTH. AN ITERATIVE PROCEDURE ALLOWS 
THE CCDE TC COMPUTE THE CETAILEC THERMAL AND MECHANICAL RESPONSE 
OF THE FUEL ELEMENT DURING ANY SPECIFIEC HISTORY OF NORMAL REACTOR 
POWER CYCLING. UP TO 10 AXIAL SECTIONS ARE ALLOWED TO ACCOUNT FOR 
VARIATIONS IN POWER ANO COOLANT TEMPERATURE, ANO AN OPTION IS 
INCLUDED FOR TREATMENT OF ENCAPSLLATEO ELEMENTS. 
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4 6 8 B U B L l B U B L l P R E D I C T S FUEL S W E L L I N G 
ANO F I S S I O N GAS R E L E A S E FRCM NUCLEAR F U E L S , BASEC CN MOVEMENT OF 
F I S S I O N GAS BUBBLES I N S O L I D S BY A SURFACE D I F F U S I C N M E C H A N I S M 
UNDER THE A C T I O N OF A THERMAL G R A D I E N T ( S E E REFERENCE 3 1 . I N T E R 
A C T I O N S OF THE B U B B L E S W I T H D I S L O C A T I O N S ANC G R A I N BOUNCARIES P R O 
V I D E TEMPORARY T R A P P I N G S I T E S , P R I O R TO R E L E A S E . 

4 8 1 BUSHL BUSHL D E T E R M I N E S THE LCAD AT 
WHICH A F I N I T E L E N G T H S H E L L CF R E V O L U T I O N W I L L BUCKLE WHEN S U B 
JECTED TO H Y D R O S T A T I C P R E S S U R E , A X I A L C O M P R E S S I O N , CR A C C M E I N A -
T I O N OF THE T W P . E L A S T I C - P L A S T I C M A T E R I A L P R O P E R T I E S ARE USED 
W I T H D E F O R M A T I O N THECRY ANC T H I N S H E L L THEORY TO ANALYZE THE 
S H E L L . BUSHL WAS D E V E L O P E D P R I M A R I L Y FCR THE B U C K L I N G C C L L A P S E 
A N A L Y S I S CF Z I R C A L O Y - C L A C O X I D E FUEL R O D S . 
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4 5 G R A C E l G R A C E l IS A M U L T I G R O U P , M U L -
T I P E G I O N . GAMMA-RAY A T T E N U A T I O N PROGRAM D E S I G N E D P R I M A R I L Y FOR 
COMPUTING GAMMA-RAY H E A T I N G AND GAMMA-RAY DOSE R A T E S I N M U L T I R E 
G I O N F I N I T E PR S E M I - I N F I N I T E SLAB S H I E L C S . A C I F F E R E N T B U I L D U P 
FACTPR MAY BE S P E C I F I E D FPR EACH SCURCE R E G I O N C O N S I D E R E D . 

4 6 GPACE2 GRACE2 I S A M U L T I G R O U P , 
M U L T I R E G I O N , GAMMA-RAY A T T E N U A T I O N PROGRAM TO COMPUTE THE TOTAL 
DOSE RATE OR HEAT G E N E R A T I O N BATE FRCM E I T H E R A S P H E R I C A L OR A 
C Y L I N D R I C A L SOURCE. THE S O U R C E , WHICH MAY BE LOCATED I N E I T H E R 
THF CENTRAL R E G I O N OF THE SYSTEM OR I N A C O N C E N T R I C SHELL R E G I O N 
SURROUNDING I T , MAY BE U N I F O R M , E X P O N E N T I A L , OR HAVE A POLYNOMIAL 
V A R I A T I O N IN THE R A D I A L D I R E C T I O N . I N THE CASE OF C Y L I N D R I C A L 
GEOMETRY, I T MAY ALSC HAVE A P C L Y N O M I A L V A R I A T I O N I N THE A X I A L 
O I R E C T I P N . 

9 1 E A P S E - I A T H E PRCGRAM COMPUTES THE N E U 
TRON LEAKAGE FROM A S H I E L D A N N U L U S . THE REMOVAL CRCSS S E C T I O N S 
INCCRPORATE MULT I S C A T T E R ING E F F E C T S . DOSE D E P O S I T AT THE TARGET 
MFSH I S THEN D E T E R M I N E D FRCM THE ANGULAR D I S T R I B U T I O N OF THE L E A K 
AGE NEUTRONS, I N T E G R A T E D OVER THE S H I E L D S U R F A C E . 

1 1 0 SCARF2 SCARF2 EVALUATES THE F I R S T -
OPDER A P P R O X I M A T I O N OF THE FAST NEUTRON CURRENT AT THE PAY LOAD 
SURFACE DUE TO NEUTRONS WHICH SCATTER FROM T H E R A D I A T O R F I N S . 
IT USES SNAP GEOMETRY AND I S A COMPLEMENTARY PRCGRAM TO F A R S E . 

I l l S C A R l S C A R l PERFCRMS S I N G L E SCATTER 
RAY T R A C I N G ANO EVALUATES S C A T T E R I N G FROM A R I N G . I T I S C O M P L E 
MENTARY TC P A R S E . 
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1 2 3 L I P R E C A N l L I P R E C A N l I S A T W O - O I M E N -
S I O N A L MCNTE CARLC PROGRAM TO COMPUTE THE P E N E T R A T I O N ANO ENERGY 
D E P O S I T I O N PF NEUTRONS I N PURE HYDROGENOUS M E D I A . THE CODE OFFERS 
T H R E E P O S S I B L E G E O M E T R I E S , I . E . , C O N I C A L , C Y L I N D R I C A L AND O N E -
D I M E N S I C N A L I N F I N I T E SLAB GECMETRY ( T H I S LATTER O P T I O N TO THE 
E X T E N T THAT AN I N F I N I T E SLAB MAY BE A P F R C X I M A T E D BY A C Y L I N C E R 
OF LARGE P A C I U S I . THE CODE MAY BE USED W I T H A M O N O - D I R E C T I O N A L 
P O I N T OR BEAM SOURCE AND I S M O D I F I E D E A S I L Y TO HANCLE ANGULAR D I S 
T R I B U T I O N S . I S O T R O P I C S C A T T E R I N G I N THE CENTER OF MASS SYSTEM I S 
A S S U M E D . THE F O L L O W I N G RESULTS ARE T A B U L A T E D W I T H EACH SUMMARY -

( A ) ENERGY O E P O S I T I O N 0 1 S T R I E U T I C N , 
(B) PARTICLE DEPOSITION DISTRIBUTION, 
(C) PARTICLE LEAKAGE FRACTIUN, 
(D) PARTICLE ARSORPTION FRACTICN, 
(El THE FRACTION OF PARTICLES REACHING THE CUTOFF ENERGY WHICH 

HAVE NEITHER LEAKEC NOR HAVE BEEN A6S0REEC, 
(Fl THE AVERAGE ENERGY PER PARTICLE LEAKING FRCM THE SYSTEM, 
(G) THE AVERAGE ENERGY PER PARTICLE REMAINING IN THE SYSTEM AS 

HEAT GENERATICN, 
(H) THE AVERAGE NUMBER OF CCLLISIONS PER HISTORY, 
(I) THE TOTAL NUMBER OF HISTORIES CURRENTLY BEING SUMMARIZED, 
(J) THE AVERAGE ENERGY DEPOSIT PER HISTORY THROUGH ABSORPTION, 
(Kl THE AVERAGE ENERGY CF PARTICLES ABSORBED. 

141 RATRAP THE RATRAP PRCGRAM COMPUTES 
THE DPSE PATE AT SPECIFIED SPATIAL PCINTS ABCUT A SYSTEM OF SNAP 
GECMETRY. 

142 MORTIMER MOKTIMER COMPUTES THE DOSE 
RATE AT SPECIFIED SPATIAL PCINTS ABOUT A SYSTEM OF SNAP GEOMETRY. 

143 MAC MAC PERFORMS SLAB GEOMETRY, 
MULTIGROUP NEUTRON AND GAMMA RAY PENETRATION ANALYSIS FCR A MULTI-
REGION REACTOR SHIELC. THE COCE CALCULATES THE FOLLOWING INFORMA
TION AS A FUNCTION OF DISTANCE THROUGH A REACTCR SHIELD ASSEMBLY -

NEUTRCN FLUXES FOR UP TO 35 ENERGY GROUPS, 
NEUTRON DCSE RATES, 
THE APPROXIMATE NEUTRON SPECTRUM, 
GAMMA RAY FLUXES FOR 7 ENERGY GROUPS, 
TPTAL GAMMA OOSE RATE, WITH A BREAKCOWN OF THE CONTRIBUTION 
FROM SOURCES IN EACH REACTCR AND SHIELC REGION, 
THE APPROXIMATE GAMMA RAY SPECTRUM. 
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1 9 7 SHOE THE SHOE COOE MAKES USE OF 
THE METHOD OF S T E E P E S T DESCENT TO F I N D THE D I M E N S I O N S OF A M I N I 
M U M - W E I G H T , T H R E E - L A Y E R S H I E L D I N S P H E R I C A L G E O M E T R Y . THE WEIGHT 
M I N I M I Z A T I O N IS C A R R I E D OUT SUBJECT TO THE C O N S T R A I N I N G C O N D I T I O N 
OF A CONSTANT OOSE RATE AT SCME S E L E C T E C P C I N T O U T S I D E THE S H I E L D . 

2 5 9 MUSCAT MUSCAT COMPUTES THE I N C I D E N T 
SCATTERED NEUTRON CURRENTS AS A F U N C T I C N OF P O S I T I O N W I T H I N ( 1 ) 
THE C A V I T Y FCRMED BY TWC T R U N C A T E D C O N C E N T R I C S P H E R E S , ( 2 ) THE 
C A V I T Y BETWEEN TWO C O N C E N T R I C C I R C U L A R C Y L I N D E R S , OR ( 3 ) A C Y L I N 
D R I C A L C A V I T Y . 

3 4 3 M 0 7 5 6 ( L E T O ) LETO W I L L SOLVE THE GAMMA RAY 
TRANSPORT AND ENERGY D E P O S I T I O N PROBLEM I N O N E - D I M E N S I O N A L LAMINAR 
SLAB GEOMETRY. THE ENERGY GROUP SCHEME IS EMPLOYED TO ACCOUNT FOR 
PHOTON ENERGY D E G R A D A T I O N . AN A R B I T R A R Y E X T E R N A L S P A T I A L I S O T R C 
P IO SOURCE MAY BE S P E C I F I E D W I T H AN A R B I T R A R Y ENERGY S P E C T R U M . 
THE BOUNDARY C O N D I T I O N S MAY BE ( A ) FREE BOUNCARIES W I T H ARBITRARY 
I N C I D E N T , ( B ) SYMMETRY ON THE LEFT A R B I T R A R Y I N C I C E N T ON THE 
R I G H T , AND ( 0 ) SYMMETRY ON BCTH E N D S . 

4 2 9 A S P I S A S P I S COMPUTES THE ENERGY, 
DOSE AND ENERGY D E P O S I T I O N B U I L D U P FACTORS FOR MONOENERGETIC 
GAMMA RAYS FOR A PLANE I S O T R O P I C , PLANE M O N O D I R E C T I O N A L , OR 
PLANE SLANT SOURCE, I N AN A R B I T R A R Y L A M I N A R A R R A Y . 

4 6 2 SPAN4 SPAN4 CALCULATES THE FAST 
NEUTRON DOSE R A T E , THERMAL NEUTRON F L U X , GAMMA-RAY F L U X , DCSE 
R A T E , AND E N E R G Y - A B S O R P T I O N RATE I N R E C T A N G U L A R , C Y L I N D R I C A L , AND 
S P H E R I C A L G E O M E T R I E S BY I N T E G R A T I N G A P P R O P R I A T E E X P O N E N T I A L K E R 
NELS OVER A SOURCE D I S T R I B U T I O N . THE S H I E L D C O N F I G U R A T I O N I S 
F L E X I B L E - A F I R S T - L E V E L S H I E L D M E S H , U S I N G ANY ONE OF THE THREE 
G E O M E T R I E S , I S S P E C I F I E O . R E G I O N S CF T H I S SAME GEOMETRY OR OF 
OTHER G E O M E T R I E S , H A V I N G T H E I R OWN ( F I N E R ) M E S H E S , MAY THEN BE 
EMBEDDED BETWEEN THE F I R S T - L E V E L MESH L I N E S , D E F I N I N G S E C O N D - L E V E L 
S H I E L D M E S H E S . T H I S PROCESS I S T E L E S C O P I C - T H I R D - L E V E L S H I E L D 
MESHES MAY BE EMBEDDED BETWEEN S E C O N D - L E V E L MESH L I N E S I N T U R N . 
ALL MESHES MAY HAVE V A R I A B L E S P A C I N G . SOURCES AND DETECTORS MAY 
BE LOCATED A R B I T R A R I L Y W I T H RESPECT TO ANY S H I E L D M E S H . THE 
SOURCE I S D E F I N E D BY THE F U N C T I O N -

S = S 0 + S 1 ( A I * S 2 ( B I * S 3 ( C ) + S 4 ( A , B ) * S 3 ( C ) + S 5 ( A , C ) * S 2 ( B ) + S 6 ( B , C ) 
* S 1 ( A ) + S 7 ( A , B , C ) 

WHERE A , B , AND C REPRESENT C O O R D I N A T E S . I F ANY FACTOR IS M I S S 
I N G , THE CORRESPONDING TERMS ARE Z E R O . CROSS S E C T I O N S , B U I L D U P 
F A C T O R S , STANDARD C O M P O S I T I C N S , ENERGY S T R U C T U R E S , D O S E - C O N V E R S I O N 
F A C T O R S , ANO I N F I N I T E L I N E SOURCE KERNELS ARE C O N T A I N E D I N A 
L I B R A R Y . 
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2 7 3 T H R E O E S T H R E D E S I S A S C I E N T I F I C 
A P P L I C A T I O N S PROGRAMMING S Y S T E M . I N C O R P O R A T E D I N T H I S SYSTEM ARE 
THF NECESSARY MODULES T C PERFORM P A R A M E T R I C D E S I G N S T U D I E S OF 
THERMAL REACTORS I N C L U D I N G THE THERMAL CELL HOMCGENIZAT I C N (BAM -
ACC ABSTRACT 1 0 8 ) , THE FAST SPECTRUM C A L C U L A T I O N ( F O R M - ACC 
ABSTRACT 5 1 ) , REACTOR C I F F U S I C N THEORY (FOG - ACC ABSTRACT 2 8 1 , 
ANO Z E R O - D I M E N S I O N A L BURNUP ( K I N D L E ) C A L C U L A T I O N S . T H E S E MCOULES 
CAN BE USED I N C O N J U N C T I O N W I T H ONE ANOTHER OR I N D I V I D U A L L Y . 

3 8 7 C I T A T I O N C I T A T I O N I S D F S I G N E D TO SOLVE 
PROBLEMS I N V O L V I N G T H E F I N I T E - D I F F E R E N C E R E P R E S E N T A T I O N OF D I F F U 
S I P N THEORY T R E A T I N G UP TO THREE SPACE D I M E N S I C N S W I T H A R B I T R A R Y 
G P C U P - T O - G R O U P S C A T T E R I N G . X - Y - Z , T H E T A - R - Z , H E X A G O N A L - Z , ANO 
T R I A G O N A L - Z G E O M E T R I E S MAY BE T R E A T E C . C E P L E T I C N PROBLEMS MAY BE 
SOLVED AND FUEL MANAGED FOR M U L T I - C Y C L E A N A L Y S I S . E X T E N S I V E 
F I R S T - O R C E R P E R T U R B A T I O N R E S U L T S MAY BE O B T A I N E D , G I V E N M I C R O 
SCOPIC OATA AND N U C L I D E CONOENTBAT I C N S . S T A T I C S PBOBLEMS MAY BE 
SOLVED AND P E R T U R B A T I O N R E S U L T S O B T A I N E D W I T H M I C R C S C C P I C O A T A . 
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189 SNC CALCULATICN OF SN CONSTANTS 
FOR DSN AND TDC. 

193 CSP2A THIS COCE PREPARES 100 GROUP 
FORWARD ANC ADJOINT MACROSCOPIC MIXTURE CROSS SECTIONS FOR SN TYPE 
CODES. THE 100 GROUP MICROSCOPIC CROSS SECTIONS ARE TAKEN FROM 
THF CROSS SECTION TAPE WRITTEN BY THE CCDE C S P I . THE OUTPUT 
OF CSP2A IS IN THE FORM OF TWO TAPES, ONE CONTAINING THE FORWARD 
AND THE OTHER THE ADJOINT MACROSCOPIO CROSS SECTIONS. THE CROSS 
SECTIONS ARE ALSO PRINTED, IF DESIRED. 

194 CSPI THIS CODE PREPARES 100 GROUP 
MICROSCOPIC CROSS SECTIONS FCR SN TYPE REACTOR CODES, USING THE 
GAM2 NUCLEAR DATA TAPE FOR THE OROSS SECTION OATA FOR THE FIRST 
99 GROUPS. THE DATA FCR GRCUP 1OO IS FART OF THE PUNCHED CARD 
INPUT. THE 100 GROUP SN OROSS SECTIONS, PREPARED BY THE CCDE, 
ARE WRITTEN ON TAPE ANC PRINTEC, IF DESIRED. THE CROSS SECTIONS 
ARE FOR THF ISOTROPIC OPTION CF THE SN CODES. THE DIAGONAL 
TRANSPORT APPROXIMATION HAS BEEN USED IN CALCULATING THE TRANS
PORT ANO IN-GRPUP SCATTERING CROSS SECTIONS. THE CORRECTION TERM 
USED TP CALCULATE THESE TWO CRCSS SECTIONS IS SIMPLY 1 / 3 OF THE 
PI SCATTERING CROSS SECTION. THE NUMBER OF OUT-OF-GROUP SCATTER
ING TERMS I S OPTIONAL. WHEN LESS THAN THE NUMBER APPEARING ON 
THE GAM2 TAPE ARE REQUESTED, THE REMAINING TERMS, FOR A GIVEN 
SOURCE GRCUP, ARE SUMMEC ANC ACDED TO THE LAST DOWN-SCATTERING 
TERM SAVED. WHEN CROSS SECTICNS ARE LISTED IN THE SN FCRMAT, IT 
IS PCSSIBLE THAT ONE OR MORE INTERMEDIATE DOWN-SCATTERING TERMS 
WILL BE ZERO. WHEN THIS SITUATION ARISES, THE CODE WILL REPLACE 
THESE INTERMEDIATE ZEROS WITH THE QUANTITY 1 . 0 * 1 0 * * ( - 2 0 ) . 

218 GAVER GAVER CALCULATES GROUP AVER
AGED CROSS SECTIONS FROM POINTWISE CROSS SECTION DATA FCR THE 
GAM2 99 FINE-GROUP LIBRARY. THE INPUT DATA ARE USED TO OBTAIN 
A SET OF INTERPOLATED OROSS SECTIONS, WHERE 20 INTERPOLATED CRCSS 
SECTIONS ARE OBTAINED FOR EACH FINE GROUP. WHERE INPUT DATA 00 
NOT COVER THE FULL RANGE OF A FINE GROUP, THE GROUP-AVERAGED 
CROSS SECTION IS SET TO ZERO. 

234 DPC DPC PREPARES INPUT DATA 
FOR TWO-DIMENSIONAL NEUTRONIC CALCULATIONS FROM ENGINEERING DATA. 
A GENERAL DESCRIPTION OF REGIONS, IN TERMS OF MULTIPLE SUBREGIONS, 
ALLOWS FOR EXPLICIT CONSIDERATION OF DETAILED STRUCTURAL FCRMS. 
DURING THE TRANSFORMATION OF DATA, GENERAL THERMAL EXPANSIONS ARE 
INCLUDED. ALSO, CONSIDERABLE DATA CHECKING ANC EVALUATION ARE 
PERFORMEC. COMBINED WITH THE FLEXIBLE NARRATIVE INPUT, THESE 
FEATURES MAKE THE CODE USEFUL IN THE PREPARATION OF ERROR-FREE 
INPUT FOR COMPLEX PROBLEMS. 
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296 GRDWRK GRDWRK GENERATES AS PUNCHED 
OUTPUT THE BASIC FINITE ELEMENT REFERENCE GRID WORK FOR THE SAFE 
CODES. THIS GENERATED GRID CCNSISTS OF TRIANGULAR ELEMENTS ANO 
NODES, UNIAXIAL ELEMENTS, SUCH AS REINFORCEMENT BARS, TENDONS, AND 
ANCHORS, AND BIAXIAL MEMBRANES, SUCH AS ANY THIN SHELL OR LINER. 
THE PUNCHED OUTPUT SERVE AS CIRECT INPUT DATA TC THE SAFE CODES. 

345 GAND GANG PREPARES THE CROSS SEC
TIONS NEEDED FOR DETAILED COMPUTATIONS CF NEUTRON ENERGY SPECTRA 
IN FAST REACTORS FROM A FILE OF BASIC NUCLEAR OATA IN THE ENDF/B 
FORMAT. 

373 BL47 BL47 IS A PLOTTING ROUTINE 
DESIGNED FOR PLANE STRUCTURES THAT ARE TO UNDERGO STRESS ANALYSIS. 
POINTS AND LINES ARE INPUT IN VARIOUS PARAMETRIC FORMS, AND CURVED 
SEGMENTS ARE DRAWN BETWEEN GIVEN POINTS ALONG THE GIVEN LINES. 
THE PROGRAM MAY BE USEC AS A DRAFTING TOOL TO CONSTRUCT ENGINEER
ING DRAWINGS. BL47 USES THREE PCINTS ON A STRAIGHT LINE SEGMENT 
TO OBTAIN DIMENSIONS FOR SEALSHELL2 (ACC ABSTRACT 282) INPUT DATA. 

406 DATATRAN 2-0 GECMETRY INPUT THIS SERIES OF DATATRAN 
MODULES IS CESIGNED TO FACILITATE THE PREPARATION CF GECMETRIC 
INPUT TO 2-DIMENSIONAL FINITE CIFFERENOE PROGRAMS FPOM DATA 
READILY TRANSORIBFO FROM ENGINEERING DRAWINGS AND TC CHECK ANC 
EDIT THE INPUT DATA GENERATEC. 
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159 MOMUS MOMUS IS THE PROGRAM USEC TC 
CONSTRUCT AND MAINTAIN THE NEUTRON CRPSS SECTION MASTER TAPE 
DEVELOPED UNDER THE ATOMICS INTERNATIONAL AUTOMATED CROSS SECTION 
PROGRAM. THE LIBRARY CONTAINS 21 ELEMENTS WITH DATA FOR 11 
PARAMETERS IN THE RANGE O.ODl EV TO 10 MEV. MOMUS WILL PERFORM 
THE FOLLOWING TASKS -

(A) MAKE THE BINARY MASTER TAPE FROM CARDS, 
(B) LIST SELECTED ELEMENTS, 
(C) UPDATE - ADD, CORRECT ANC REPLACF ANY CATA, 
(D) MAKE A SHORT TAPE CONTAINING SELECTED ELEMENTS, 
(E) FRCVIDE GRAPHICAL DISPLAY OF SELECTED DATA, ANO 
(F) PUNCH MICROSCOPIC OATA. 

1 8 1 X L I B I T U S I N G THE ANL STANDARD 
CROSS S E C T I O N DATA CARDS AS I N P U T , THE PRCGRAM CAN PERFORM THE 
FOLLOWING O P E R A T I O N S -

( A ) PREPARF A L I B R A R Y TAPE C O N S I S T I N G OF THE CROSS S E C T I O N 
DATA FOR SETS OE M A T E R I A L S , I N C L U D I N G A D I R E C T O R Y G I V I N G 
THE SETS ON THE TAPE AND THE M A T E R I A L S I N EACH S E T , 

( P ) G I V E N AN E X I S T I N G L I B R A R Y T A P E , THE PROGRAM CAN PREPARE 
A D U P L I C A T E TAPE OP A M O D I F I E D T A P E , THE MOD I F I OAT ICNS 
C O N S I S T I N G OF THE A D D I T I O N ANO D E L E T I O N OF S E T S , THE 
A D D I T I O N AND D E L E T I O N OF M A T E R I A L S W I T H I N A S E T , ANC 
THE R E - O R D E R I N G OF THE SETS CN THE T A P E , 

( C ) ANY CF THE DATA ON A L I B R A R Y TAPE MAY BE P R I N T E D , AND 
THE PROGRAM W I L L PUNCH THE OROSS S E C T I C N DATA CARDS THAT 
WERE USED TO PLACE ANY CF THE M A T E R I A L S OR SETS ON THE 
TAPE W I T H ALTEREC SET ANC M A T E R I A L NAMES I F D E S I R E D . 

7 0 6 UNPACK UNPACK R E T R I E V E S NEUTRON 
CROSS S E C T I O N DATA AND RELATED I N F C R M A T I C N FROM A S C I S R S 
(PROPKHAVEN N A T I O N A L LABORATORY) OATA T A P E . THE FORMAT AND 
STRUCTURE OF THE S C I S R S TAPE IS C E S C R I B E D I N B N L - 8 8 3 BY 
F R I E D M A N ANO P L A T T , JULY 1 9 6 4 . 

2 3 6 DFSR DATA F I L E S E R V I C E R O U T I N E S 
( D F S R ) ARE USED TP S T O R E , D I S T R I B U T E , AND CHECK THE DATA CN THE 
EVALLATEC NUCLEAR OATA F I L E ( E N D F ) . THERE ARE 6 R O U T I N E S -

D F S R l - STORES DATA CN MASTER L I B R A R Y T A P E S . 
DFSR2 - PROCESSES REQUESTS FCR DATA BY F I N D I N G THE A P P R O 

P R I A T E DATA ON THE MASTER TAPES ANC C O P Y I N G THEM 
ONTO THE REQUESTORS T A P E . 

DFSR3 - CORRECTS CATA ON THE MASTER T A P E S . 
DFSR4 - C O P I E S / P R I N T S / P U N C H E S S E L E C T E D DATA FROM THE 

MASTER T A P E S . 
PFSR5 - P R I N T S L I S T OF DATA R E C E N T L Y ADDED TO MASTER TAPES 

AND PREPARES A C R O S S - B E F E R E N C E L I S T OF ALL DATA 
ON THE MASTER T A P E S . 

DFSR6 - MAKES C O P I E S ANC CHECKS THE MASTER T A P E S . 
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271 CLIP CLIP IS THE CROSS SECTION 
LIBRARY PREPARATION AND MAINTENANCE PRCGRAM FOR FCRM ANC THRECES. 

350 ETOE ETCE (ENCF/E TC MC»*2 CATA 
CCNVERSICN) ACCEPTS CROSS SECTION OATA FROM A MODE 2 ENDF/R TAPE 
(SEE REFERENCE 3) ANC PREPARES THE flINARY CROSS SECTION AND LEGEN
DRE POLYNOMIAL TAPE FOR THE MC»*2 CODE WRITTEN BY ARGCNNE NATIONAL 
LABCPATORY. 

351 ECSIL 
SECTIPN INFORMATICN L 
AL, AND DISPLAY OF EX 
ENTIRE SYSTEM IS THE 
THE TYPF OF NEUTRON D 
SION CROSS SFCTION, A 
TIC NEUTRONS BETWEEN 
DICTIONARIES USED FOR 
TIPN-TYPE DESIGNATOR, 
FLAG THE PRCGPAM TO P 
NEUTRON DATA ARE, IN 
LOGICALLY SEPARABLE P 
ACTUAL EXPERIMENTAL V 
IS ASSIGNED TP A REFE 
ARF ACQUIRED, SERVES 
EXPERIMENTAL CATA FIL 
ASSIGNED TO A NEW REF 
INTC THE BIPLIOGRAPHI 
THE LARORATPRY WHERE 
DESCRIPTION OF THE EX 
BEEN MADF TO THE RESU 
TIPN, ANY CHANGES MAO 
STANDARDS, CORRECTION 
REFERENCES ARE CARRIE 

lERARY) IS 
PERIMENTAL 
COLLECTION 
ATA, E.G., 1 
N ANGULAR 0 
TWO NEUTRON 
INPUT TC T 
ONE FOR TH 
EPFORM CERT 
GENERAL, CC 
ARTS, THE B 
ALUES. THE 
PENCE AND I 
AS A L INK B 
ES. AFTER 
ERENCF, THE 
0 FIL E - TH 
THE MEASURE 
PERIMENTAL 
tLTS, AND NO 
iF TO THE DA 
S, ETC.) AR 
D ALONG AS 

ECSIL (EXP 
A SYSTEM FOR TH 
NEUTRON DATA. 
OF DESIGNATORS 
WHETHER THE MEA 
1STRIBLTICN FOR 
ENERGIES, ETC. 

HE CATA FILE 
E STATLS OF THE 
AIN CONVERSIONS 
MPCSED CF TWO I 
IBLIOGRAPHIC IN 
REFERENCE ACCE 

TS ASSOCIATEC S 
ETWEEN THE BIBL 
A REFERENCE ACC 
FOLLOWING INFC 
E COMPLETE BIBL 
MENT WAS PERFOR 
TECHNIQUE, CORR 
RMAL IZAV IONS, I 
lA (RENCRMALIZA 
E RECURDED HERE 
SEE ALSCS. 

ERIMENTAL CROSS 
E STORAGE, RETRIEV-
THE HEART CF THE 
USEO TC IDENTIFY 
SUREMENT IS A FIS-
EMERGENT NCN-ELAS-
THERE ARE THREE 

CNE FOR THE REAC-
CATA, AND CNE TO 

EXPERIMENTAL 
NTERDEPENDENT, BUT 
FURMATICN AND THE 
SS ION NUMBER, WHICH 
ET CF DATA AS THEY 
lOGRAPHIO AND THE 
ESSICN NUMBER IS 
RMATION IS ENTERED 
lOCRAPHIC CITATION, 
MEG, A BRIEF 
ECTICNS THAT HAVE 
F ANY. IN ADDI
TIONS TC BETTER 

SUPPLEMENTARY 

375 SCCRE3 
TRON CROSS SECTION EVALUATICN SYSTEM. 

SCORE IS AN INTERACTIVE NEU-
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384 CHEOKER/CRECT/CAMMET/PLOTFB/ THIS PACKAGE CF FIVE PROGRAMS 
IS DESIGNED FOR PROCESSING ENDF/E (EVALUATED NUCLEAR DATA FILE 
VERSION Bl TAPES. 

CHECKER CHECKS THAT THE ENOF/B TAPES ARE IN PROPER FORMAT AND 
ALL FIELDS ARE WITHIN SPECIFIED LIMITS, RATHER THAN THE PHYSICS OF 
THE DATA LIBRARY. ANGULAR DISTRIBUTIONS RECONSTRUCTED FRCM LEGEN
DRE COEFFICIENTS ARE EVERYWHERE POSITIVE. 

CRECT PROVIDES A MEANS CF CCPREOTING ASSEMBLED DATA CN A TAPE 
RY INSERTION ANC DELETION OF DATA. 

DAMMFT SFLECTIVELY MERGES CATA FPOM ONE OR TWO ENDF/B LIBRARY 
TAPES ONTO A FINAL TAPE. THE MCDE (BCD OP BINARY) AND ARRANGEMENT 
(STANDARD OR ALTERNATE) MAY BE CHANGED DUPING THIS PROCESS. 

PLOTFB PROCESSES ENDF/B LIBRARY TAPES WHICH CONTAIN CATA 
EMBEDOFD WITHIN A NECESSARY LIRRARY STRUCTURE IN ORCER TC PRODUCE 
COMPREHENSIVE LISTINGS AND/CR PLOTS. THE LISTINGS AND/OR PLOTS 
CONTAIN AN EXTENSIVE AMCUNT CF INFORMATION RELATEC TO THE DATA, 
SUCH AS TEMPERATURE DEPENDENCE, PHYSICAL UNITS OF THE DATA, INTER
POLATION LAWS FOR THE CATA, CRYPTIC TITLES DEFINING THE REACTION 
TYPE, FTC. 

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

3^6 DATATRAN CATATRAN SUPPLIES A LINKAGE 
SYSTEM FOR MODULARIZED PROGRAMS, ENABLES A HIERARCHICAL NAMING 
TECHNIQUE, AND SIMPLIFIES HANDLING OF STRUCTURED DATA LISTS. 

403 TIGIR2 TIGIR IS A MOCULAR PROGRAM 
DESIGNED TO GENERATE ANC MAINTAIN LIBRARIES OF DOCUMENT INFORMA
TION (ABSTRACTS, BIBLIOGRAPHIC INFCRMATICN, INCEX TERMS, AND CTHER 
SIGNIFICANT INFORMATI ON I, TO RETRIEVE THE INFORMATICN SELECTIVELY, 
TO PRINT THE PETRIEVEC INFCRMATION IN VARIOUS OUTPUT FORMATS, ANO 
TO GENERATE STATISTICS OF THE INFORMATICN FILES. 

472 MERMC2/MAGIC THE PROGRAMS MERMC2 ANC MAGIC 
ARE SERVICE ROUTINES FOR USE WITH THE BINARY CROSS-SECTION 
LIBRARY TAPES OF THE MC**2 MULTIGROUP CROSS-SECTION PROGRAM. 

MERMC2 TAKES AS INPUT TWO MC**2 LIBRARY TAPES ANO PRODUCES 
A NEW M0**2 LIBRARY TAPE CONTAINING DATA FROM BOTH INPUT TAPES 
WITH DELETION OF PARTICULAR MATERIALS AS DESIRED, OR MERMC2 
MAY BE USED TO CREATE A NEW LIBRARY TAPE FRCM A SINGLE INPUT TAPE 
BY SIMPLY DELETING SELECTED MATERIALS. 

MAGIC PRODUCES LIBRARY TAPE LISTINGS ANC TAPES FOR OFF-LINE 
CALCOMP PLOTTING OF SELECTED DATA FRCM AN MC**2 LIBRARY TAPE. 
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475 CPECT/CHECKER/RIGEL/FLCTFB/ THIS PAOKAGE OF EIGHT 
PROGRAMS IS DESIGNED FOR PROCESSING ENCF/B II (EVALUATED NUCLEAR 
CATA FILE VERSION B FORMAT III TAPES. 

CREPT PROVIDES A MEANS OE CORRECTING ASSEMBLED DATA ON A TAPE 
BY INSERTION ANC DELETION OF CATA. 

CHFCKER CHECKS THAT THF ENDF/B 8CC CARC IMAGE FCRMAT TAPES ARE 
IN PROPER FORMAT AND ALL FIELDS ARE WITHIN SPECIFIEO LIMITS, 
RATHER THAN THE PHYSICS CF THE CATA LIERARY. ANGULAR DISTRIBU
TIONS RECONSTRUCTED FROM LEGENDRE COEFFICIENTS APE CHECKED TC 
ENSURE THEY APE E V E P Y W H E R F POSITIVE. 

PIGFL WILL PERFORM ANY OR ALL OF THE FCLLOWING OPERATIONS -
SELECTIVELY RETRIEVE ENDF/B DATA ON FROM 1 TO 9 ENDF/B TAPES, 
MERGF RETRIEVED ENDF/B CATA ONTO FROM 1 TP 8 ENDF/B RESULT TAPES, 
CHANGE TAPE ARRANGEMENT (FRCM STANDARD TC ALTERNATE OR VICE 
VERSAI AND CHANGE TAPE M O D E . 

LISTFC PRODUCES INTERPRETEC LISTINGS OF INFORMATION FROM BCD 
STANDARD ARRANGEMENT ENDF/B TAPES. 

DICTION CONSTRUCTS A NEW SECTION DICTIONARY (FILE 1, SECTION 
451) FOR AN ENTIRE ENDF/B TAPE. IF A SECTION CICTIONARY IS 
ALREADY PRESENT IT IS REPLACED. 

PLCTEP PROCESSES ENCF/B LIBRARY TAPES WHICH CONTAIN OATA 
EMBEDDED WITHIN A NECESSARY LIBRARY STRUCTURE IN ORCER TO PRODUCE 
CCMPPEHFNSIVE LISTINGS ANO/OR PLOTS. THE LISTINGS AND/CR PLOTS 
CONTAIN AN EXTENSIVE AMCUNT CF INFORMATION RELATEO TO THE DATA, 
SUCH AS TEMPERATURE DEPENDENCE, PHYSICAL UNITS CF THE CATA, INTER
POLATION LAWS FOR THE CATA, CRYPTIC TITLES DEFINING THE REACTION 
TYPE, ETC. 

SLAVF3 PROVIDES MODULAR SUBROUTINES WHICH CAN EE ASSEMELEC TQ 
RETRIEVE AND PROCESS ENDF/B DATA FOR A SPECIFIC PROBLEM. 

DAMMET SFLFOTIVELY MERGES CATA FROM CNE CR TWO FNCF/E LIERARY 
TAPES ONTO A FINAL TAPE. THE MODE O C O OB BINARY) AND ARRANGEMENT 
(STANDARD PR ALTERNATE) MAY EE CHANGED DURING THIS PROCESS. 

490 JOSHUA OPERATING SYSTEM JOSHUA IS A SYSTEM WHICH 
EFFECTIVELY STORES LARGE VCLUMES CF DATA ANC RETRIEVES IT FOR 
DISPLAY ANO COMPUTATION. 

493 TROUT TROUT IS A FILE MAINTENANCE 
PRCGRAM WHICH ALLOWS THE USER TO ALTER, MERGE, DELETE, OVERLAY 
CR CREATE MULTIGROUP CRCSS SECTICN FILES IN MUG FORMAT. 
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133 WED THIS PROGRAM EDITS THE MAG
NETIC TAPE PROCUCED BY W-OSN CALCULATING REACTICN RATES BY ENERGY 
AND BY VOLUME WITH TOTALS. IT CAN ALSC PRCDUCE REACTION RATES FOR 
FED- IN CROSS SECTIONS. 

207 CROSSPLCT/CRGSSPLOT OATA TAPE AUTOMATIC PLOTS ARE GENERATED 
FROM NEUTRCN CROSS SECTICN CATA. 

210 OTX THE OTX CODE CALCULATES 
EFFECTIVE MACROSCOPIC, HOMOGENEOUS, GROUP CROSS SECTIONS WHICH 
ARE SPACE-AVERAGED OVER THE FLUXES AND CURRENTS PRE-CALCULATED 
IN A ONE-DIMENSIONAL NEUTRON TRANSPCRT CCDE SUCH AS DTK CR OSN. 
ISCTROPIC ANC ANISOTROPIC CROSS SECTIONS MAY BE INCLUDED. 

239 CPS CPS PROVIDES A GRAPHICAL 
MEANS OF COMPARING EXPERIMENTAL CROSS SECTION VALUES OBTAINED 
FROM THE SCISRS LIBRARY TAPE WITH AN OPTION TC INCLUDE REACING IN 
NEW EXPERIMENTAL OR CALCULATED VALUES. 

409 LARCA MULTIGROUP CROSS SECTICNS ARE 
WEIGHTED RY THE FLUX IN THE APPROPRIATE GROUPS AND REGIONS, AND 
CRPSS SECTIONS FOR THE ASSEMRLY ARE COMPUTED AND PUNCHEC IN DTF4 
FORMAT. THE PROGRAM ALSO COMPUTES THE I N F I N I T E MEDIUM FLUX, REAC
TION RATES, AND THE I N F I N I T E MULTIPLICATION FACTOR ANC MATERIAL 
BUCKLING. 

434 HEATMESH HEATMESH IS USED TC GENERATE 
GEOMETRIOAL CATA REQUIRED FOR STUDIES OF HEAT TRANSFER IN AXISYM
METRIC STRUCTURES REPRESENTED AS SURFACES OF REVOLUTION. THE PRO
GRAM CONSISTS OF TWO DISTINCT PHASES. THE FIRST SUBDIVIDES THE 
GIVEN PARTS INTO A NODAL NETWORK AND EVALUATES THE GEOMETRICAL 
PROPFRTIFS OF THE NODES. THE SECOND DETERMINES ACJACENT NODES AND 
ECITS GEOMETRICAL DATA FOR THE THERMAL MCDEL. 

''''^ OACl DACl USES ANGULAR FLUXES FROM 
THE DTF4 SN CPDE TO CALCULATE REACTIVITY PERTURBATIONS, EFFEC
TIVE DELAYED NEUTRON ERACTICNS, AND GENERATION TIMES IN REACTORS. 
THE REFERENCE REACTCR SPECIFICATIONS ARE INPUT TO DACl EY A 
DIRECT REACING OF THE DTF4 INPUT DECK. CONSEQUENTLY, THE ONLY 
ADDITIONAL INPUT NEEDED ARE THE PERTUREATION S P E C I F I C A T I O N S . 
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4 7 1 G A P E R 2 D G A P E P 2 C I S A T W O - D I M E N S I O N A L 
TRANSPORT P E R T U R B A T I O N THEORY PROGRAM U S I N G THE REAL AND A D J O I N T 
F L U X E S AND CURRENTS FROM 2 D E (ACC ABSTRACT 1 7 3 I PRCRLEM RESULTS TO 
COMPUTE R E A C T I V I T Y CHANGES DUE TO SMALL P E R T U R B A T I C N S I N R E F L E C T E C 
M U L T I P E G I C N S Y S T E M S . 
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154 CROC90 THE CR0C90 CODE WAS DEVELOPED 
FOR USE IN THE OATA REDUCTION OF OUT-OF-PILE FLUID FLOW EXPERI
MENTS ON THE ML-1 FUEL ELEMENTS. THE COCE IS SPECIFICALLY DE
SIGNED TO EVALUATE FRICTION FACTORS, ENTRANCE AND EXIT COEFFI
CIENTS, AND ORIFICE CALIBRATIONS FROM HYDRODYNAMIC OATA OBTAINED 
FROM SINGLE PHASE EXPERIMENTAL FLUID FLCW TESTS IN AXIAL FLCW 
DUCTS. 

164 BURPl THE PROGRAM CALCULATES ABSO
LUTE TOTAL EFFICIENCY FOR MONOENERGETIC GAMMA RAY INTERACTIONS IN 
CYLINDRICAL SCINTILLATION DETECTORS. THE ABSOLUTE TOTAL EFFI
CIENCY IS DEFINED AS THE FRACTION OF SOURCE GAMMAS WHICH INTERACT 
AT LEAST ONCE WITH THE CRYSTAL DETECTOR. CALCULATIONS ARE MADE 
FOR THE POINT ISOTROPIC SOURCE LOCATED ALCNG THE AXIS OF SYMMETRY 
FCR SOLID CYLINDRICAL CRYSTALS, WITH OR WITHOUT A COAXIAL CYLIN
DRICAL WELL. 

CI 
AT L t A ^ i Uf^uc m i n i n c v ^ K T i i n u U C I C U I U M . ^ A L t ^ U L A i i u n ^ *ir\c rt*n 
FOR HOMOGENEOUS, I S O T R O P I C C I R C U L A R D I S K OR C Y L I N D R I C A L VOLUME 
SOURCES. SOURCES MUST BE S Y M M E T R I C A L W I T H THE A X I S OF SYMMETRY 
FOR S O L I D C Y L I N D R I C A L C R Y S T A L S , W I T H OR W I T H O U T A C O A X I A L C Y L I N 
D R I C A L W E L L . SOURCE A B S O R P T I O N AND S C A T T E R I N G MAY BE I N C L U D E D FOR 
VOLUME SOURCES. 

166 BURP3 THE PROGRAM C A L C U L A T E S ABSO
LUTE TPTAL E F F I C I E N C Y FOR MONOENERGETIC GAMMA RAY I N T E R A C T I O N S I N 
C Y L I N D R I C A L S C I N T I L L A T I O N D E T E C T O R S . THE ABSOLUTE TOTAL E F F I C I E N 
CY I S D E F I N E D AS THE F R A C T I C N CF SCURCE GAMMAS W H I C H I N T E R A C T AT 
L E A S T ONCE W I T H THE C R Y S T A L D E T E C T O R . C A L C U L A T I O N S ARE MADE FOR 
P C I N T I S C T R O P I C SOURCES LOCATED BOTH ON ANC O F F THE A X I S OF SYM
METRY FOR S O L I D C Y L I N D R I C A L C R Y S T A L S , W I T H OR WITHCUT A C O A X I A L 
C Y L I N D R I C A L W E L L . THE E F F I C I E N C I E S FOR P O I N T S LOCATED AT S P E C I 
F I E D R A D I A L O F F - A X I S P O S I T I O N S , FOR A S I N G L E A X I A L SOURCE-CRYSTAL 
D I S T A N C E , ARE N O R M A L I Z E D TO THE C N - A X I S E F F I C I E N C Y FOR THE SAME 
A X I A L D I S T A N C E . THE ABSOLUTE E F F I C I E N C Y FOR THE O N - A X I S P O I N T I S 
G l V E N . 
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169 BURP4 BLPP4 CALCULATES THE PHOTC-
FRACTIPN FOP MONOENERGETIC GAMMA RAYS INTERACTING IN SOLID CYLIN
DRICAL SCINTILLATION DETECTORS. PHOTCFRACT ICN IS CEFINEC AS THE 
FRACTION CF INTERACTING SOURCE GAMMAS THAT ARE TOTALLY ABSORBED 
(INCLUDING SECONDARIFSI IN THE CRYSTAL. ISOTROPIC SOURCE 
GECMETRIFS ALLOWED ARE ISOTROPIC PCINTS (CN OR OFF-AXlSI, DISKS, 
CYLINDRICAL VOLUMES. ALLOWED MONODIRECTIONAL SOURCES, NORMAL TO 
CRYSTAL FACE, ARE NARROW REAM OCLLIMATEC TO CRYSTAL AXIS, BROAD 
BEAM ILLUMINATING ENTIRE CRYSTAL FACE. ANO CCLLIMATEC BEAM CF ANY 
SPECIFIEC CIAMETER. 

170 RUPP5 BLRP5 CALCULATES THE PHOTO
FRACTION FOR MONOENERGETIC GAMMA RAYS INTERACTING IN WELL-TYPE 
CYLINDRICAL SCINTILLATION DETECTORS. PHOTOFRACTION IS CEFINEC AS 
THE FRACTION OF INTERACTING SOURCE GAMMAS THAT ARE TPTALLY 
ARSORRED (INCLUDING SEOCNOAPIESI IN THE CRYSTAL. ISOTROPIC SOURCE 
GEOMETRIES ALLOWED ARE ISOTRCPIO POINTS (ON OR OFF-AX[SI. DISKS, 
CYLINDRICAL VOLUMES. ALSO ALLCWS NARRCW MONOD IRECTlONAL BEAM 
COLLIMATED TO CRYSTAL AXIS, INCIDENT NORMAL TO WELL BOTTOM. 

248 CPINO (COMPUTER CODE FOR REDUC COINCIDENCE COUNTING CATA ARE 
TREATED TP PBTAIN SPECIFIC DISINTEGRATION PATES, CHANNEL EFFICIEN
CIES AND COUNT RATES. WEIGHTED MEANS, ANC ALL ASSOCIATED STANDARD 
FRPCRS. CPRRFCTIONS ARE MADE FOR UNEQUAL CEACTIME LOSS IN EACH 
CHANNEL, COINCIDENCE RESOLVING TIME LOSSES. DECAY DURING COUNTING, 
DECAY FROM A REFERENCE TIME. ANC BACKGROUND IN EACH OF THE THREE 
CHANNELS. INPUT VARIABLES INCLUDE SAMPLE IDENTIFICATION. START 
TIME FOR COUNTING, SAMPLE REFERENCE TIME, COUNTING INTERVAL. TOTAL 
NUMBER PF COUNTS IN TWC SINGLE CHANNELS. ANC CNE COINCIDENCE CHAN
NEL, AND NORMALIZING SAMPLE VOLLME. INPUT PARAMETERS CONSIST OF 
OEACTIMES OF EACH SINGLE CHANNEL, COINCICENOE RESOLVING TIME FOR 
ALL THPEE CHANNELS, DECAY CCNSTANT, BACKGROUND COUNT RATE FCR ALL 
THREE CHANNELS, ANO STANDARD ERRORS FOR EACH OF THE ABOVE PAPA
MFTFRS. OPTIONAL INPUT ALLCWS GATE, GROUP CLASSIFICATION, AND A 
3-DIGIT USER OODE. OUTPUT CONTAINS CORRECTED SINGLE CHANNEL, CO
INCIDENCE, ANC DISINTEGRATION RATES REFERRED TO START OF COUNT, 
SPECIFIC DISINTEGRATION PATE (COUNTS/SECONC/UNIT VCLUME OR WEIGHT) 
REFERRED TO REFERENCE TIME, WEIGHTED MEAN ANO ERROR OF ANY NUMBER 
GF PRCRLEMS IN A GROUP, EFFICIENCIES OF THE TWO INDEPENDENT 
DETECTOR CHANNELS, DATE, SUMMARY OF BACKGROUND VALUES USED, IDEN
TIFICATION NUMRER, COUNT START TIME, AND UPPER ANO LOWER LIMIT 
(ONE STANDARD DEVIATION) OF EACH OF THE COMPUTED QUANTITIES. 
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258 EXPN 
DATA USING 
THE CODE CC 
METER (K*BE 
TRACTED FRO 
PUNCHED PAP 
ORIGINALLY 
POWER LABOR 
OPTIONS FOR 
I S , THE PAR 
GROUND MEAS 

THE GARELIS-R 
MPUTES THE PR 
TA /L ) FROM EX 
M A TIME ANAL 
ER TAPE. THE 
DETAINED UNOE 
ATCRY EUT HAS 

A PRE-BURST 
AMETERS ALPHA 
URED PRICR TC 

USSEL TECHNI 
OMPT CECAY C 
PERIMENTAL D 
YZER STORAGE 

ALPHA-DETER 
R THE NAME E 

SINCE BEEN 
CR A POST-BU 

ANC (K*BETA 
THE BURST 0 

EXPN ANALYZES 
QUE (REFERENCE 
CNSTANT, ALPHA 
ATA, WHICH IS 

MEMORY AND RE 
MINATION PART 
XPL IC IT FROM K 
M O D I F I E D . THE 
RST BACKGROUND 
/L ) ARE OBTAIN 
R MEASURED AFT 

PULSED NEUTRON 
1 ) . BASICALLY 

, AND THE PARA-
DIRECTLY EX-
AD ONTO A 
OF THE CODE WAS 
NOLLS ATOMIC 

CODE PROVIDES 
ANALYSIS . THAT 

ED USING A BACK
ER THE BURST. 

311 BUPNUP BURNUP CORRELATES HEAVY ELE
MENT ISOTOPIC ANALYSIS WITH FISSION PRCCUCT NEOCYMIUM, URANIUM, 
AND PLUTONIUM CONCENTRATIONS IN AN IRRADIATED URANIUM FUEL FOR 
CALCULATION OF BURNUP (ATOM PER CENT FISSION AND MWD/MTI . 
REACTOR PARAMETERS, INCLUDING EFFECTIVE NEUTRON ABSORPTION CROSS 
SECTIONS FOR ALL URANIUM AND PLUTONIUM ISOTOPES, 0 A P T U R E - T C - F I S -
SION RATIOS FCR U 2 3 5 , PU239 , ANC P U 2 4 1 , A TWC-GROUP DESGRIPTION OF 
THE NEUTRON SPECTRUM, THE AVERAGE NEUTRON TEMPERATUPE, THE REACTOR 
FAST FISSION FACTOR, AND THE DISTRIBUTION OF THE SOURCES OF F I S 
SION AMONG THE FISSIONABLE NUCLIDES ARE COMPUTED FROM THE EXPERI
MENTAL OATA OBTAINED FROM THE MASS SPECTROMETRIC ANALYSIS CF 
URANIUM, PLUTONIUM, ANC NEOCYMIUM. 

333 TOAD 
ANALYZE GAMMA RAY SPECTRA. 

TOAD IS USED TO PROCESS AND 

390 COPGAM 
CODED TP ALLOW THE UNEOLDI 
CALLY COLLECTED IN A NEUTR 
CORGAM (1 ) WILL COMPENSATE 
WILL CORRECT FOR RACKGROUN 
FIXED NEUTRON FLUX LEVEL, 
TORS, AND ( 5 ) ALLOWS A CHP 
DARD DEVIATIONS. THE CPDE 
RAY SPECTRA. THESE SPECTR 
MPDIFICATIONS AVAILABLE TO 
AVAILABLE TO THE REFERENCE 
DECAY CORRECTION IS AVAILA 
ONLY THE REFERENCE GAMMA-R 
CIENTS WHICH ARE S IGNIF ICA 
ARE RETAINED IN THE FINAL 
I . E . , THOSE SOLUTIONS THAT 
WHICH HAVE NONSIGNIFICANT 
LEVEL, ARE PRINTED CUT. T 
IN THE FINAL SPLUTIPN. 

A 
NG OF COMPLE 
ON ACTIVATIO 

FOR ELECTRO 
ID, ( 3 ) WILL 
( 4 ) ALLOWS A 

;ICE OF METHO 
REQUIRES A 

A CAN BE IN 
1 THE COMPLEX 

GAMMA-RAY S 
8LE FOR THE 
AY SPECTRA Tl 
NT AT A PRESi 
SOLUTICN. T 
CCNTAIN REF 

INTENSITY CO 
HEREFCRE, SE 

CORRELATION ALGORITHM IS 
X GAMMA-BAY SPECTRA T Y P I -
N ANALYSIS PROCEDURE. 
NIC SHIFTS IN THE DATA, ( 2 ) 
NORMALIZE THE DATA TO A 

CHOICE OF WEIGHTING FAC-
CS FOR CALCULATION OF STAN-
MATRIX OF REFERENCE GAMMA-
A RAW-DATA FORM. ALL OF THE 

GAMMA-RAY SPECTRA ARE 
PEOTRA. IN A D D I T I O N , A 
FEFERENCE GAMMA-RAY SPECTRA. 
HAT HAVE INTENSITY COEFF l -
CRIBED LEVEL OF SIGNIFICANCE 
HE INTERMECIATE SOLUTIONS, 
ERENCE GAMMA-RAY SPECTRA 
EFFICIENTS AT THE PRESCRIBED 
VERAL SOLUTICNS ARE IMBEDDED 
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394 JITEP JITER COMPUTES THE FOLLOWING 
OUANTITIFS MFASURFD IN REACTCR FLUCTUATION EXPERIMENTS - THE DIS
PERSION PARAMETER Y, THE MODIFIED COEFFICIENT OF COPRELATICN MCC, 
THE FREQUENCY DEPENDENT PART CF THE PCWER SPECTRAL DENSITY PSD, 
AND THE CROSS PPWER SPECTRAL DENSITY CPSD. 

413 ALPHA-M ALPHA-M IS USEC FOR DETERMIN
ING RADIOISOTOPES BY LEAST SQUARES RESOLUTION OF THE GAMMA RAY 
SPECTRA. IT CAN HANDLE A VERY LARGE LIBRARY OF GAMMA RAY SPECTRA 
AND TAKES INTO ACCOUNT CORRECTIONS SUCH AS BACKGROUND SUBTRACTION, 
COUNTING TIME, DECAY TIME, DEAD TIME, AUTOMATIC COMPENSATION FOR 
GAIN AND THRESHOLD SHIFTS, SIZE CF THE ALIQUOT, VOLUME REDUCTION 
PRIOR TO COUNTING, AND SO ON. 

421 MICHRD THE VICKERS PYRAMID NUMBER 
ANC THF MICROHARDNESS INCREMENT FRACTION ARE CCMPUTEO FROM FILAR 
MICROMETER EYEPIECE REACINGS. THESE READINGS ARE MADE ON INDENTS, 
WHICH HAVE BEEN MADE BY AN INDEN1FR, IN THE MATERIAL BEING TESTEC. 

475 REDUX RECUX IS USEC FOR THE RECUC-
TION PF OATA FROM REACTOR FLUCTUATION EXPERIMENTS. FRCM INPUT 
OPUNT SAMPLES RECPRCEC BY CNE CR TWO COUNTING GHANNELS, THE PRO
GRAM COMPUTES UNBIASED SAMPLE ESTIMATES CF MOMENTS AND FUNCTICNS 
OF MOMENTS OF THE COUNT DISTRIBUTIONS, INCLUDING THE DISPERSION 
PARAMETER Y AND THE MCDIFIED CCFFFIOIENT CF CORRELATION MCC. 
STANCARD ERROR ESTIMATES ARE COMPUTED FCR Y AND MCC. 

457 GSSLRNIB GSSLRNIB IS UTILIZEC FOR 
EVALUATIONS AND STATISTICAL DETERMINATION CF PHOTOPEAKS IN PHCTON 
SPFC1RA. THE CODE PERFORMS EVALUATIONS CF PHOTOPEAK SPECTRA 
USING AS INPUT THE DIGITIZED PULSE HEIGHT DISTRIBUTION WHICH IS 
OUTPUT FRCM A LARGE MULTICHANNEL ANALYZER. PHOTOPEAKS ARE 
LOCATED, FUNCTIONS FIT TO EACH PEAL PEAK, ANC THE RELATIVE INTEN
SITY OF EACH FITTED PEAK ABOVE THE BACKGROUND CONTINUUM IS CAL
CULATED. THE CODE IS EASILY ACAPTABLE FOR ANALYSIS PF ANY SPECTRA 
WHICH CAN BF APEijuATFLY DEFINED BY PEAKS REPRESENTED IN ANALYTIC 
FORM. 

464 DYNOl DYNOl CALCULATES THE CISTRI
RUTION PF ELECTRONS THAT ARE EMITTEC FROM A PHOTOMULTIPLIER 
COMPOSED PE A SERIFS OF CYNCDES. 

469 p|K$i PMSl CORRECTS EXPERIMENTAL 
FAST NEUTRPN POLARIZATION DATA FOR FINITE GEOMETRY ANC MULTIPLE 
SCATTERING EFFECTS, WHEN LIQUID HELIUM IS THE POLARIZER ANALYZER. 
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4 7 6 C A G E / B I R C / S P E C C A G E / R I R D / S P E C I S A PACKAGE 
P F THREE I N D E P F N O E N T CODES D E S I G N E ! ) FOR THE R E D U C T I O N AND P R O C E S S 
I N G CF NEUTRON T I M E - O F - F L I G H T SPECTRA I N P U L S E D M U L T I P L Y I N G OR 
N O N - M U L T I P L Y I N G A S S E M B L I E S . 

4 8 5 GASPAN GASPAN A N A L Y Z E S OUTPUT PULSES 
FROM A L I T H I U M - D R I F T E D GERMANIUM SEMICONDUCTOR DETECTOR TO C E F I N E 
COMPLEX GAMMA-RAY SPECTRA OE R O U T I N E CRUD AND F I L T R A T E S A M P L E S . 
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43 CURFIT CURFIT IS A COMPOSITE PROGRAM 
FOR FITTING EXPERIMENTAL DATA PCINTS WITH DIFFERENT TYPES CF COM
MON ANALYTIC CURVES. THERE ARE AT PRESENT FIVE FITS AVAILABLE -

(1) POLYNOMIAL Y = SLMMATICN OVER I OF A(I)»(X»»(I)) 
(2) EXPONENTIAL Y = A*EXP(8XI 
(31 COSINE Y = A*COS(B(X+C)) 
(4) SERIES OF CUBICS Y = A(J)+8(J)*X + 0(J )*(X**2)+ 0(J)»(X»*3 ) 
(51 FOURIER SERIES 

62 LOS ALAMOS LEAST SQUARES THIS PROGRAM PERFORMS LEAST 
SQUARES FITTING CF LINEAR OR NONLINEAR FUNCTIONS IN SEVERAL INDE
PENDENT VARIABLES. THE PPCGRAM WILL DETERMINE AN ESTIMATE CF A IN 
THE FUNCTION Y=F(X,A) BY MINIMIZING THE SUM OF SQUARES. 
IN THE FLNCTICN, X IS A VECTCR CF OBSERVEC VARIABLES ANC A IS A 
VECTOR OF PARAMETERS TO BE DETERMINED. IN THIS CONTEXT, A LINEAR 
FUNCTION IS ONE WHOSE PARTIAL DERIVATIVES WITH RESPECT TO THfc ELE
MENTS OF A ARE ALL INDEPENDENT CF A. A NONLINEAR FUNCTION HAS AT 
LEAST ONF OF THE ELEMENTS OF A APPEARING IN AT LEAST CNE OF THESE 
PARTIAL DERIVATIVES. 

186 LAG1/LAG2 LAG IS A SINGLE PASS LOAD 
AND GO ASSEMBLER DESIGNED TC ACCEPT IBM709<-> FLOCO II INSTRUCTIONS. 

371 FXPALS THIS PROGRAM FITS BY LEAST 
SQUARES A FUNCTION WHICH IS A LINEAR COMBINATION OF REAL EXPONEN
TIAL DECAY FUNCTIONS. THE FUNCTION IS 

Y(K) = SUMMATION OVER J CF A(J) * EXP(-LAMBCA(J) » K ) . 
VALUES OF THF INDEPENDENT VARIABLE (K).ANO THE DEPENDENT VARIABLE 
Y(K) ARE SPECIFIED AS INPUT CATA. WEIGHTS MAY BF SPECIFIED AS 
INPUT INFORMATICN OR SET BY THE PRCGBAM (W(K) = 1 / Y ( K ) ) . 

324 FRANTIC FRANTIC IS CESIGNED TO PRO
CESS RAW COUNTING DATA AND TC FIT IN THE LEAST SQUARES SENSE THESE 
DATA TO THE MULTIPLE EXPONENTIAL GROWTH AND DECAY EQUATIONS. THE 
PROGRAM CAN BE USED FOR SUMS OF EXPONENTIALS WITH POSITIVE, NEGA
TIVE, OR ZERO EXPONENTS AND POSITIVE OR NEGATIVE COEFFICIENTS. 

327 DAFTl DAFTl IS A PPCGRAM FCR 
WEIGHTED LEAST SQUARES FITTING OF 0.0253 EV NEUTRON DATA FOR FIS
SILE NUCLIDES. THE PROGRAM ALSO CABBIES OUT COMPUTATIONS RELEVANT 
TO DISCERNING OVERALL GOCDNESS OF FIT, PARTICULARLY DEVIANT OATA, 
AND OATA WHOSE IMPROVEMENT WOULC LEAC TO LARGE REDUCTIONS IN ERROR 
OF EACH FITTED PARAMETER. 
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364 SNEQ SNEQ CONSISTS CF THE TWC 
CODES, SNAP AND EQPLT, WHICH HAVE BEEN MERGED DUE TO THEIR COMMON 
USE OF THE SLIP COMPILER. SNAP INTERPRETS AND SCLVES PSEUCC-
FORTRAN INPUT EQUATIONS REPRESENTING NONLINEAR ALGEBRAIC SYSTEMS. 
EQPLT INTERPRETS PSEUCO-FORTRAN INPUT EQUATIONS AND CALCULATES 
AND PLOTS MULTIPLE CURVES CN A SINGLE GRAPH. EQPLT IS USEFUL FOR 
PARAMETER STUDIES. 

407 DATATRAN UTILITY MOOULES PLQT2 WAS DESIGNED TO PROVIDE 
ROUTINE X-Y PLPTS USING THE CALCOMP PLOTTER, MICROFILM UNIT, OR 
PRINTER AS THF OUTPUT DEVICE. PL0T3 WAS DESIGNED TO PREPARE CON
TOUR, PERSPECTIVE, ANO 5TEREOGRAPH10 PLOTS FOR THE CALCOMP PLOTTER 
OR MICROFILM UNIT OF FUNCTICNS CF TWO VARIABLES. 

411 M0661. M06S7, M0626 Mu661, M06S7. AND M0626 PER
FORM STATISTICAL ANALYSES CF DATA BASEC ON A LEAST SQUARES POLY
NOMIAL FIT. 

428 DOGGY DOGGY CAN PERFORM MOST RCU
TINE FORM SHEET CALCULATIONS. THE PROGRAM CAN HANDLE COMMON 
ARITHMETIC MANIPULATIONS ON COLUMNS CF INPUT SUCH AS ADDITION, 
SUBTRACTICN, MULTIPLICATION, AND DIVISION. IT ALSC HAS PROVISIONS 
FCR THE USE CF SPECIAL FUNCTICNS SUCH AS LOGARITHMIC, TRIGONOME
TRIC, ARC TRIGONOMETRIC, HYPERBOLIC, EXPONENTIAL, SQUARE ROOT, 
MAXIMA, MINIMA, AND RAISING A NUMBER TO ANY POWER. DOGGY ALSO 
CALCLLATFS WATER PROPERTIES SUCH AS THERMAL CONDUCTIVITY, VIS
COSITY, AND PRANDTL NUMRER OVER A WIDE RANGE OF TEMPERATURE ANO 
PRESSURE. 

442 SIMPLEl SIMPLEl COMPILES AND EXECUTES 
MULTISTATEMENT CALCULATIONS TYPED IN A FAMILIAR ALGEBRAIC NOTATION 
AT A TIME-SHARED TERMINAL, IMMEDIATELY RETURNING REQUESTED RESULTS 
TO THE TERMINAL AND PERMITTING AC LIB CONTINUATION OF A CALCULA
TION. THE USER MAY LSE THE SYSTEM AS AN EXTENDED AND POWERFUL 
ELECTRONIC CALCULATOR OR AS A CALCULATOR PF SMALL LCAD-ANO-GC 
RUNS. EPPORS ARE DETECTED ANC CORRECTEC ON AN AS-YOU-GO BASIS. 
CALCULATIONS MAY INCLUDE INTERACTIVE INPUT/OUTPUT, FUNCTIONS, AND 
LOPPS. 

444 RPPF RCPE IS USEP TO CALCULATE 
ROOTS PF PPLYNOMIALS. 
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4 4 5 L 1 Z A R D 4 L I Z A R C 4 I S USEC TO SOLVE N O N 
L I N E A R . O R D I N A R Y D I F F E R E N T I A L E Q U A T I O N S AS A O N E - S H C T E F F O R T . I T 
WAS W R I T T E N TO S O L V E I N I T I A L VALUE E Q U A T I O N S , THAT I S , THF VA LU ES 
OF THE D E P E N D E N T V A R I A R L E S MLST BE S P E C I F I E D AT SCME I N I T I A L 
VALUE OF THE I N D E P E N D E N T V A R I A B L E . O N E - D I M E N S I O N A L S T E A D Y - S T A T E 
BOUNDARY V A L U E PROBLEMS CAN EE SOLVEC W I T H L I Z A B C 4 , P R O V I D I N G AN 
I T E R A T I V E METHOD I S EMPLOYED BY THE USER WHERE ONE OF THE BOUNCARY 
C C N D I T I O N S I S S P E C I F I E C AND I N T E G R A T I O N PROCEEDS U N U L THE A L T E R 
NATE PPUNDARY C O N D I T I O N I S M E T . 

4 4 6 MOST 
SET PF C O O P D I N A T E S ( X 1 , X 2 , . 
SUCH A WAY THAT A S P E C I F I E D 
EOUAL TO o , , s M I N I M I Z E D . 

MCST IS D E S I G N E D TO VARY A 
. . , X N ) R E P R F S E N T I N G THE VECTCR X 

F U N C T I O N Y ( X ) , Y ( X ) GREATER THAN OR 
IN 

478 RETTIS ENVIRONMENTAL ROUTINES/ THE BETTIS ENVIRONMENTAL ROU
TINES EXTEND THE FORTRAN LANGUAGE 3Y MODIFYING SOME OF THE STAND-
ARC CDC6600 LIBRARY ROUTINES AND BY ADDING ROUTINES TC THE LIBRARY 
TO FACILITATE DECIMAL INPUT ANC CUTPUT, FILE MAINTENANCE, SCRATCH 
I/O, STORAGE ALLOCATION, UTILITY FUNCTIONS, CPERATING SYSTEM 
INTERFACING, AND OPERATOR CCMMUNICATION. 

MODEL (MODIFIED ENVIRONMENTAL LIBRARY) DIFFERS FROM THE ORIGI
NAL BETTIS VERSION IN THAT IT ALLOWS THE OPERATING SYSTEM, RATHER 
THAN THE ENVIRONMENTAL PACKAGE, TO CCNTROL THE OPERATING ENVIRON
MENT. 

4 8 4 F I G S 
S U B R O U T I N E PACKAGE 
PROGRAMS U T I L I Z I N G 
D I SPLAY L N I T . 

F I G S I S A FORTRAN CALLABLE 
FOR THE SUPPORT OF I N T E R A C T I V E C C M P U T I N G 
AN IBM S Y S T E M / 3 6 0 COMPUTER AND AN I B M 2 2 5 0 
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496 KAPLPLOT KAPLPLOT IS THE SET OF STAND
ARD CALCOMP SUBROUTINES WRITTEN AT KNOLLS ATCMIC POWER LABORATORY 
TP PRPVIDE GRAPHIC OUTPUT. 

GRLIN IS USED TP CRAW AN AXIS SYSTEM, ESTABLISH SCALING FAC-
TPPS, AND ENABLE THE USER TO CRAW LINEAR GRAPHS. 

G R L O G IS USF.D TO DRAW AN AXIS SYSTEM, ESTABLISH SCALING FAC
TORS, AND PERMIT USERS TO CRAW FULL LOGARITHMIC GRAPHS. 

LINLG PROVIDES THE CAPABILITY OF DRAWING SEMI-LOGARIfHMIO 
GRAPHS WITH LINEARLY SCALED ABSCISSAS WHILE LOGLN PROVIDES THE 
SAME CAPABILITY WITH LINEARLY SCALED ORCINATES. 

PCNSET INITIALIZES THF PLCTTING SUBROUTINES AND DRAWS THE JOB 
IDENTIFICATION, TIME, DATE, AND CHARGE NUMBER. 

PENEND MCVES THE PEN OFF A COMPLETEC PLCT ANC PREVENTS SUBSE
QUENT PLPTS FROM OVERWRITING THE COMPLETED PLOTS. 

IPLOT MOVES THE PLOTTER PEN FROM ITS CURRENT POSITION TO A NEW 
POSI TION. 

IDPLOT MOVES THE PEN A SPECIFIED INCREMENTAL DISTANCE IN INCHES 
FROM ITS PRESENT POSITION. 

PSCALE ESTABLISHES THE VALUE CF FACTORS TC BE USEO BY THE SPLOT 
SUBROUTINE IN SCALING USER DATA TO FIT ON PLOTTER COORDINATES. 

SPLOT (!AUSES THE PEN TO MOVE TO COORCINATES WHICH ARE OBTAINED 
BY APPLYING PSCALE SCALE FACTORS TO USER DATA. 

XCPLOT AND YCPLOT CAUSE ALPHABETIC INFORMATION TO BE WRITTEN 
PARALLEL TO THE DIRECTION CF THE ABSCISSA AXIS, XCPLOT, OR THE 
ORDINATE AXIS, YCPLOT. 

PMARK CAUSES A DISTINCTIVE SYMBOL TO BE PLOTTED AT THE CURRENT 
POSI TION OF THE PEN. 

PLTSIZE CONVEYS TO THE PLCTTING SYSTEM INFORMATION WHICH WILL 
ENABLE THE PLCTTING SYSTEM TO PLACE THE MAXIMUM NUMBER OF PLOTS IN 
A MINIMUM LENGTH OF PAPER. 

497 RFLDl RELOI COMPUTES THE FAILURE 
PROBABILITY FOR A SINGLE FAILURE MODE. TWO OPTIONS ARE AVAIL
ABLE - OPTION 1 CALCULATES THE INTERACTION OF TWO NORMALLY DISTRI
BUTED VARIATES AND OPTION 2 CALCULATES THE INTERACTION OF TWO 
TRUNCATED NORMALLY DISTRIBUTED VARIATES. 
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4 1 9 C A S C A D E / C L U S T E R CASCACE IS A S I M U L A T I O N OF 
THE C O L L I S I O N CASCADE R E S U L T I N G FROM THE D I S P L A C E M E N T OF A P R I M A R Y 
KNOCK-CN ATOM RY AN E N F P C E T I C NEUTRON I N A B O D Y - 0 E N T E R E D - C U R I C UR 
F A C E - C E N T E R F O - C U B I C C R Y S T A L S T R U C T U R E . CLUSTER ANALYZES THE S P A 
T I A L D I S T R I B U T I O N P F THE R E S U L T I N G R A D I A T I O N DAMAGE I N TERMS OF 
VACANCY AND I N T E R S T I T I A L C L U S T E R S , T A K I N G I N T C ACCOUNT THE EXACT 
CRYSTAL S T R U C T U R E . 

4 ? 7 SPECTRA SPECTRA COMPUTES THE NUMBER 
AND SpECTRUM PF P P I M A R Y K N P C K - O N ATOMS R E S U L T I N G FRCM NEUTRCN 
C O L L I S I O N SEQUENCES I N A M A T E B I A L UNCER I R R A C I A T I Q N . 
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3 5 6 G A F / G A R OATA TAPES USED I N GGA A BENCHMARK STUDY CF Z P R - I I I 
ASSEMRLY 4 8 U S I N G E N D F / B CROSS S E C T I O N S WAS UNDERTAKEN TO l U E N T I F Y 
P O S S I R L E CROSS S E C T I O N C ISOREPANC l E S I N THE M I C R O S C O P I C E N D F / B 
D A T A . T H I S WORK WAS DONE FCR THE CSEWG T E S T I N G S U B C O M M I T T E E AS 
PART OF T H E I R PHASE 1 DATA T E S T I N G . T H I S PACKAGE C O N T A I N S THE 
CROSS S E C T I P N DATA GENERATED FCR T H I S STUCY I N THE FORM OF THE 
U L T R A - F I N E GROUP CRPSS S E C T I C N S OF THE M A T E R I A L S CF Z P R - I I I A S S E M 
BLY 4R I N THE FORMAT OF THE GGA GAF/GAR PROGRAM DATA T A P E S . 

4 4 7 E T O G l DATA FOR MUFT ANC GAM THE DATA R E Q U I R E D FOR THE 
C R E A T I O N OF M U F T 4 , M U F T 5 , GAMl AND GAM2 L I B R A R I E S WERE GENERATED 
FROM THE BRPPKH4VEN N A T I O N A L NEUTRCN CROSS S E C T I C N CENTER E N C F / E 
TAPES 1 1 4 THROUGH 1 1 7 BY THE E T O G l PROGRAM (ACC ABSTRACT 4 3 7 ) . 
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AOLER, ENDF/B R 
AFB 3 6 0 
AER 360 
AFB 3 6 0 
AFR 3 6 0 
AEG 709f) 
AEROSOLS 
AGC 7 0 9 0 
AGC 7 0 9 0 
ACC 709P 
AGC 709O 
ACC 70 9 0 
AGC 7 0 9 3 

F4 
F4 
F4 
F 4 
F2 

Al 
F+FAP 
FLOCO 
F2 
F? 
F? 
F2 

ESGNANCE ) 
RS L T 
RS P 
RS P 
RS P 
RS 

3 6 0 F4 
RSBPLX T 
RSBP 
RS P 
RS P 
RS P T 
RSB 

<S 
t 

$ 
t 
t 

% 

% 
I 
t 
t 

% 
t 
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4AEC 3 6 0 F + RAL RS P T » CRAM, 1 - D AND 2 - 0 M U L T I - G P D I F F U S I O N PROGRAM 103 
ABSORPTION REMOVAL X-SECS BAPL 6 6 0 0 F4 RS T $ M G 8 0 7 , 2 - 0 D I F F U S I C N R280 
ABSORPTION, CFLL ANL 3 6 0 T F36 RSBP X T $ R ABBL E, WL IB , FLA T , RESONANCE 28 1 
ACCIDENT A N A L Y S I S BAPL 6 6 0 0 F4 RS P T t FLASH3 , LOSS-OF-COOLANT R 2 9 5 
ACCIDENT ANALYSIS PPCO 7 0 4 0 F+MAP RS P T $ CONTEMPT, LOSS-OF-COOLANT 2 9 7 
ACCIDENT ANALYSIS GESV 6 3 5 F4 RS P T i F R E A D M l , FAST REACTOR CORE 4 7 9 
AfCinENT A N A L Y S I S BAPL 6 6 0 0 F 4 RS P T t M 0 5 5 5 , A C T 1 . L C S S - O F - C OOL ANT R 2 8 4 
ACCIDENT ANALYSIS DOSE CALC GGA 1 1 0 8 F4 RS T » GAOOSE.OOSET. HTGR 2 6 1 
A C T I V I T Y O I S T STUOY GGA 7 0 4 4 F4 RS P t R A 0 2 . HTGR F I S S I O N PRODUCT 2 3 1 
ACTIV ITY RELATION GEC 6 3 5 F4 RSBP t DOS, NEUTRON FLUX-DCS IMET ER 4 2 3 
ACTl , LOSS-OF-COOLANT ACCIDENT ANALYSIS BAPL 6 6 0 0 F 4 RS P T » M 0 5 5 5 , R 2 8 4 
APEP, ID ANO 20 FEW-GROUP SPACE-T IME K I N E T I C S BCL 6 4 P 0 F4 RS P T I 4 9 4 

ECS BNL 6 6 0 0 E4 RS P T $ A VRAGE 3 , 4 , SIGMA2 , 4 6 5 
F I R E S , l - D A G E - O I F F U S I O N SLAB CYLINDER SPHERE 9 
A I R F K 3 , SPACE- INOEPENDENT K I N E T I C S W/FEEOBACK 1 2 1 
BLAST, RFACTOR K I N E T I C S TEMPERATURE O I S T STUDY 363 
WELWING, MATERIAL BUCKLING CYL FUEL ELEMENTS 3 6 2 
DANCOFF J R , MODERATOR SPACE CHORD O I S T FUNCT 150 

RS P T » HAA3, COAGULATION OF HETEROGENEOUS 4 4 3 
AGN-GAM, FAST SPECTRUM M U L T I - G P CONSTANT CALC 2 0 4 
20XY, 2 - D M U L T I - G P SN APPROXIMATION XY GEOM 18 
BCUNCE, FLUX DIST I N M U L T I - P I N FUEL ELEMENT 2 3 7 
C R Q C 9 0 , ML-1 F L U I D FLOW EXPERIMENT ANALYSIS 154 
AGN-S IGMA, CALC OF M U L T I - G P TRANSFER MATRICES 2 4 3 
H A T C H E T , COUPLED NEUT RON I CS-HY CROOYNAM ICS COOE 153 

AGE CALCULATION OF ENDF/B DATA BAPL 6 6 C 0 F4 RS P T » EPOCH, NEUTRON R 4 6 1 
A Q F - n i F F U S I O N SLAP CYL INDER SPHERE AEB 3 6 0 F4 RS L T » F I R F 5 , 1 -0 9 
AGN-GAM, FAST SPECTRUM M U L T I - G P CONSTANT CALC AGC 7 0 9 0 F + FAP RSBPLX T t 2 0 4 
AGN-SIGMA, CALC OF M U L T I - G P TRANSFER MATRICES AGC 7 0 9 0 F 2 RS P T » 2 4 3 

F I G S , IBM360 + 225'J FORTRAN GRAPHICS SUBROUTINES 4 8 4 
S C 0 R E 3 , SCISRS ENDF/B GRAPHIC X -SEC EVALUATION 3 7 5 
A I R 0 S 2 A , S IMULATION OF REACTOR DYNAMICS 3 2 6 
COMNUC .CASCADE, CCMPOUND NUCLEUS REACTION 4 8 2 
HWOCR-SAFE, 2 - D MONTF CARLO CELL CALCULATION 3 0 7 
A I S I T F 2 , PARAMETRIC S I T E REQUIREMENT STUOY 1 7 2 
H A A 3 , COAGULATICN OF HETEROGENFOUS AEROSOLS 4 4 3 
T S N , SPATIALLY-DEPENDENT REACTOR K I N E T I C S 3 0 9 
A I L M O E , X - S E C T I O N CALC ELASTIC SCAT RESONANCES 147 
C L I P , FORM OR THREDES LIBRARY U T I L I T Y ROUTINE 2 7 1 
THREOES, 1 - 0 FEW-GP D I F F U S I O N DESIGN SYSTEM 2 7 3 
S I Z Z L E , 1 - 0 MULTIGROUP D I F F U S I O N DEPLETION 58 
A N I S N , 1 - 0 M U L T I - G P DISCRETE OBOINATE CALC 1 5 1 
CAESAR4,L I B L S T , 1-C M U L T I - G P O I F F U S I O N • L I B 2 7 0 
4RESTRAINT P IPE STRESS, MAXIMUM MOMENT CALC 109 
F A I M , l - D M U L T I - G P O I F F U S I O N SLAB CYL SPHERE 1 2 0 
Q U I C K I E , I N F I N I T E MEDIUM SPECTRUM X - S E C T I O N S 1 1 9 
ULCER, 1 -D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE 118 
A I M 6 , 1 -D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE 2 9 
T E M P E S T 2 , THERMAL NEUTRON SPECTRUM X - S E C T I O N S 50 
A I R E K 3 , SPACE- INDEPENDENT K I N E T I C S W/FEEDBACK 1 2 1 
CROCK, SPACE POWER PLANT DESIGN O P T I M I Z A T I O N 1 1 2 
F A R S E I A , DCSE RATE FROM SNAP S H I E L D LEAKAGE 9 1 
FUGUE, STEAOY-STATE TEMPERATURE VOID FRACTICN 4 8 
MORTIMER, DCSE RATE CALCULATION SNAP GEOMETRY 142 
PERT, 1 - 0 PERTURBATICN FOR AIM ANC FCG CCOES 30 
S C A P F 2 , SCATTER FROM RADIATOR F I N S SNAP GECM 1 1 0 
S C A R l , SCATTER FRCM A RING SNAP GEOMETRY U l 
SHOCK, SPACE POWER PLANT DESIGN O P T I M I Z A T I O N 114 
S N A P K I N 5 / 5 A , 1 -REGION K I N E T I C S SNAP GEOMETRY 1 2 2 
S4 CYL CELL COOE, 1 - D l - G P S4 APPROXIMATION 5 3 
S I Z Z L E , 1 - 0 MULTIGROUP D I F F U S I O N D E P L E T I O N 58 
A I M F I R E , URANIUM FUEL CYCLE COST A N A L Y S I S 55 
BAM, S4 CYL CELL CCDE AND TEMPEST COMBINATION 108 
CLOUD, GAMMA-RAY DOSE RATE FROM A CLOUD 4 7 
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A l 709P F2 RS P t GRACEl , GAMMA-RAY ATTENUATION SLAB GECMETRY 
Al 7 0 9 0 F2 RS P i GRACE?, GAMMA-RAY ATTENUATION CYL SPHERE GEOM 
A! 7 0 9 0 F? RS P $ RATRAP, OOSE RATE CALCULATION SNAP GECMETRY 
Al 7 0 9 0 F2 RS P t S A I L , 1-D 1-GP SN APPROXIMATION SLAB GEOMETRY 
Al 7 0 9 0 F2 RS P T $ F O G . 1 -D FEW-GP D I F F U S I O N SLAB CYLINDER SPHERE 
Al 70PO F? RS PL T $ ARES2 , RESONANCE INTEGRAL X - S E C T I O N CALC 
A! 7 0 9 0 F2 RS PL T » FORM, FAST NEUTRON SPECTRUM X - S E C T I O N CALC 
41 709O F2 RS PLX T $ D T F 2 , l - D M U L T I - G P DISCRETE ORDINATE CALC 
A! 7 0 9 4 F + FAP RS L T t MOMUS, X -SECTION L IBRARY U T I L I T Y PROGRAM 
AT 7 0 9 4 F+FAP RS P $ SHOE, SH IELD WEIGHT O P T I M I Z A T I O N OOSE CALC 
AT 7 0 9 4 E + FAP RS P T » A I S 1 T E 2 . PARAMETRIC S I T F REQUIREMENT STUOY 
SI 7094 F + FAP RS P T t H E A T I N G 2 , TRANSIENT STEAOY-STATE HEAT TRANSFER 
41 7 0 9 4 F+FAP RS PL T $ A I L M O E , X - S E C T I O N CALC E L A S T I C SCAT RESONANCES 
A l 7 0 9 4 F+FAP RS PL T t CURl E ,DOSE .THUNOERHEAC. EXTERNAL + INTERNAL DOSE 
Al 7,194 F + FAP RS PL T $ GRAVE, GROUP-AVERAGING X - S E C T I O N S PARAMETERS 
Al 7 0 9 4 F + FAP RS PL T t T Y C H F 3 , MONTE CARLO SLOWING-OOWN D E N S I T Y CALC 
A I 7 0 9 4 F + MAP RS P $ CHAD, LEGENDRE COEF CALC FOR ANGULAR DIST OATA 
Al 7 3 9 4 F + MAP RS P T » A I R O S , SPAC E- INDEPENDENT K I N E T I C S W/FEEOBACK 
Al 7 0 9 4 F+MAP RS P T t T S N , S PAT I AL LY-OE PENDENT REACTOR K I N E T I C S 
At 7 0 0 4 F+MAP RS PLX T % T R I X l , RESONANCE INTEGRAL X - S E C T I O N CALC 
Al 7094 F2 RS P » FLCW-MOOEL, MUL T I - C H A N N EL 2 - 0 2-PHASE FLOW 
Al 7 0 9 4 F2 RS P T $ T R A N S - F U G U E l , TRANSIENT FLOW AND HEAT TRANSFER 
Al 7 0 9 4 F2 RS P T $ 2PLUS, NON-SPHERI CAL OPTICAL MODEL X - S E C T I O N S 
A l 7 0 9 4 F? RS PL T $ C Y C L O P S l , THERMODYNAMIC CYCLE ANALYSIS 
A I L M O E , X - S E C T I O N CALC ELASTIC SCAT RESONANCES A l 360 F4 RS PLX T $ 
4 I L M P F , X - S E C T I O N CALC ELASTIC SCAT RESONANCES A l 7 0 9 4 F + FAP RS PL T $ 
AIM ANO FOG COOES Al 7O90 F2 RS $ PERT, 1 - 0 PERTURBATION FOR 
AIM AND FOG CODES BHSC 360 F 4 RS P $ PERT, 1 - 0 PERTURBATICN FOR 
ATM AND FOG COCES CDC 1 6 0 4 F6 3 RS $ P E R T , 1-D PERTURBATION FOR 
A I M F I R E , URANIUM FUEL CYCLE COST ANALYSIS Al 7 0 9 0 F2 RS P » 
ATM6, 1 -D MULT I -GP D I F F U S I O N SLAB CYL SPHERE Al 7 0 9 0 F + FAP RS PL T $ 
A I M 6 , 1 - C MULT I -GP D I F F U S I O N SLAR CYL SPHERE CDC 1 6 0 4 F 6 3 RS PL T $ 
S I R E K 3 , SPACE-INDEPENDENT K I N E T I C S W/FEEDBACK AEB 3 6 0 F4 RS P t 
A I R E K 3 , SPACE-INDEPENOENT K I N E T I C S W/FEEDBACK A l 7 0 9 0 F 2 RS t 
A I R E K 3 , SPACE-INDEPENDENT K I N E T I C S W/FEEOBACK COC 1 6 0 4 F 6 3 RS P $ 
A I R O S , SPACE-INDEPENDENT K I N E T I C S W/FEEDBACK A l 7 0 9 4 F + MAP RS P T » 
A I R P S 2 4 , S IMULATION OF REACTOR DYNAMICS A l 3 6 0 F + BAL RS P T $ 
4 I S I T E 2 , PARAMETRIC S ITE REQUIREMENT STUOY Al 360 F4 RS P T » 
A I S I T E 2 , PARAMETRIC SITE PFQUIREMENT STUDY Al 7 0 9 4 F + FAP RS P T t 
SLGFR9AIC EQN SOLN CURVE PLOT KAPL 6 6 0 0 F+ASC RS P T $ SNEQ, NONLINEAR 
ALPHA-M, RESOLUTION OE GAMMA RAY SPECTRA ORNL 3 6 0 F4 RS P $ 
ANALYZER GAMMA-RAY SPECTRA GGA 1108 F+BAL R S P T $ TOAD, PROCESSING OF 
ANC 36C F + BAL RS P T $ C O N T E f P T - P S . PRESSURE-TEMPERATURE RESPONSE 
ANC 36r, F+BAL RSBP X T t P 0 0 7 , 1 , 2 OR 3 -D FEW-GP D I F F U S I O N DEPLETION 
ANCON, SPACE-INOEPENDENT REACTOR K I N E T I C S CODE ANL 3 6 0 F4 RS P T $ 
ANCON, SPACE-INDEPENDENT REACTOR K I N E T I C S COCE LASL 6 6 0 0 F4 RS P T $ 
ANGULAR OIST GGA 7 0 4 4 F 4 RS P X t L E G C 0 E F 3 , LEGENDRE COEF CALC FOR 
ANGULAR OIST DATA AT 7 0 9 4 F+MAP RS P t CHAD, LEGENDRE COEF CALC FOR 
ANISN X-SEC FORMAT WNES 660,-) F4 RS PL T $ E T O G l , E N C F / 8 TO MUFT. GAM, 
A N I S N , 1 - 0 M U L T I - G P DISCRETE ORDINATE CALC Al 3 6 0 F4 RSBPLX T t 
ANL 3 6 0 F + BAL RS P T $ 0 T F 4 , 1-D M U L T I - G P CISCRETE OBOINATE PROGRAM 
ANL 3 6 " F4 RS $ MERMC2, MC**2 BINARY LIBRARY TAPE MAINTENANCE 
ANL 36f F4 RS P $ D Y N O l , PHOTOMUL T I PL IE R ELECTRON D I S T R I B U T I O N 
ANL 3 6 0 F4 RS P $ TWIGGLE, 2 - 0 2 -GP S P A C E - T I M E D I F F U S I O N 
ANL 360 E4 RS P T $ ANCON, SPACE-INOEPENDENT REACTCR K I N E T I C S COOE 
ANL 36f, F4 RS P T $ CO BR A 3 , ROD BUNDLE THERMALHYDRAULIC ANALYSIS 
ANL 360 F4 RS P T t CRECT ,CHECKER, E N C F / B - I I PROCESSING ROUTINES 
ANL 3 6 ) F4 RS P T $ ETOE, ENDF/B TQ M C * * 2 DATA CONVERSION 
Arc 3 6 ' . F4 RS P T $ L I F E l , FAST REACTOR FUEL ELEMENT BEHAVIOR 
ANL 3 6 0 F4 RS P T t MC* * -? , ENDF MULTIGROUP X - S E C T I O N CALCULATION 
ANL 36 • F4 RS P T $ S A S I A , FAST REACTOR POWER AND FLCW TRANSIENTS 
ANL 3 6 0 F4 RS P T $ TWOTRAN, 2 - C M U L T I - G P TRANSPORT CODE X -Y GEOM 
ANL 36- ' F4 RS P X T $ F 0 R E 2 , FAST REACTCR EXCURSION CALCULATICNS 
ANL 361- F4 RS PL CT $ Q X l , OUASISTAT IC SPATIAL REACTOR K I N E T I C S COOE 
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1 6 0 4 F63 RS P » M 0 8 9 9 , H 0 H . STEAM TABLES 1 4 . 5 - 2 5 3 8 P S I A R294 
36O0 F 3 6 SRP » 8 0 W 2 , DEFLECTION CALCULATION PARALLEL BEAMS 365 
36O0 F36 RS P T $ M C * » 2 . ENDF MULTIGROUP X - S E C T I C N CALCULATICN 355 

ANl 3 6 0 0 E36 RS P T » S N A P G - I D , 1 -D M U L T I - G P CISCRETE ORDINATE CALC 2 8 8 
ANl 36CO F 3 6 RS P T t SUPORAN, REACTCR CCRE SUPPORT STRESS ANALYSIS 357 

3600 F36 RS P X T » M A C H l , 1-D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE 2 6 2 
36C10 F 3 6 RSBP » CHEMLCC2, CORE HEATING CLADDING-STEAM REACTION 366 
^ 6 0 0 F 3 6 RSBP i M I S H - M A S H , RESONANCF INTEGRAL CALC HCMCGENECUS 2 1 4 
-<600 F36 RSRP t SWELL2, EUEL ELEMENT L I F E T I M E A N A L Y S I S 3 5 3 

ANl 3600 F 3 6 RSBP X T $ RABBLE ,WL IB ,F LAT, RESONANCE ABSORPTION, CELL 2 8 1 
ANL 360O F36 RSBP X T t R I F F - R A F F , RESONANCE INTEGRAL CALC 2 - R E G CELL 2 1 3 

3 6 0 0 E4 RSBP T i 2 C B , 2 - 0 MULTIGROUP O I F F U S I O N AND DEPLET ION 325 
36rO F 6 3 RS LX T » G A M l , FAST NEUTRCN SPECTPUM X - S E C T I O N CALC 33 
3 6 0 0 F63 RSRP t C O I N C . COINCIDENCE COUNTING DATA RFOUCTICN 2 4 8 
3 6 0 0 F63 RSBP » NEARREX, COMPOUND NUCLEUS X - S E C T I O N CALC 1 7 1 
3600 F 6 3 RSBP » R l O l , SPACE-INDEPENOENT K I N E T I C S KEX OPTIONS 2 5 5 

ANL 
4NL 
ANL 

ANL 
ANL 
ANL 
ANL 
4NL 

ANL 
ANL 
4NL 
ANL 

ANL ^'6^0 F 6 1 RSBP t R102 , ' SPACE-INDEPFNOENT INVERSE K I N E T I C S CALC 1 6 8 
ANL 3500 F 6 3 RSBP T t ARGUS, TRANSIENT TEMPERATURE CALC CYLINDER 152 
ANL 36CO F 6 1 RSRP T $ R 1 5 3 , PAR AME TR IC SI TE REQUI RE MENT STUDY 172 
ANL 3 6 0 0 F63 RSRP T t T RAF IC CRPCR AT I ON, TRANSFER FUNCTION SYNTHESIS 135 
ANL 3 5 0 0 F 63 RSRP T % X L I B I T . X - S E C T I C N LIRRARY U T I L I T Y ROUTINE 181 
4NL 3600 F63 RSBP T $ 2 P L U S , NON-SPHERI CAL OPTICAL MODEL X - S E C T I C N S 2 5 4 
ANL 3 6 0 0 F63 RSRP X T t T HERMCS (ANL I , THERMAL SPECTRUM X-S EC T I ON CALC 84 
ANL 3600 F 6 3 RSBPL T » MAC. SHIELD DESIGN MULTIGROUP ^LAB GECMETRY 143 
ANL 3 6 0 , 36F RS PL DT » Q X l , O U A S I S T A T I C SPATIAL REACTOR 1^' ^^ T IC S CODE 4 7 4 

NL 3600 36F RSBP T » MERMC2 . MAG I C . M C * * 2 LIBRARY SERVICE ROUT NES 4 7 2 
»N1 6 6 0 0 F4 RS P T » S A S I A , FAST REACTCR PCWER AND FLCW TRANSIENTS 4 0 0 
T N - . T H RMAL S P E C T ' R U M X - S ECT I O N ' c A L C ANL 3600 F 6 3 "^BP X T » THERMOSI 1 4 
ANNULAR VOID X - S E C T I O N CALCULATION GEC 525 F4 R S P « A V O I D , 2 7 5 
APOA 36CO ASAF4 RS P T t ETOE, ENDF/B TO M C * * 2 OATA CONVERSION 3 5 0 

PDA 7094 F? RS P S WEAK EXPLOSION. COUPLED NEUTRON-HYDRODYNAMICS 145 
APOA 7 0 9 4 E4 RS P » MARS. 2 - D EXCURSION CALCULATICN R-Z GECMETRY 2 9 3 
«pn l i t F4 RS P i R A P F U , FUEL CYCLE PARAMETERS FAST BREEDERS 3 7 2 

PRE 6 6 0 0 4 I A P R F x l , 9 9 - G P DLC-2B LIBRARY GROUP COLLAPSING 4 6 5 
P F X U 9 9 - G P DLC-2B L I B R A R Y GROUP COLLAPSING * ^ ' ' ^ * / 0 0 E 4 RS 4 6 5 

^^: ^tiz;^ ]^^^ V^^^ I'l^ c 3 5 I 

ASSAULT, 2 - D M U L T I - G P D I F F U S I O N CEPLETION COCE ORNL ^ 0 9 0 F+ AP RS P T » 4 0 

ASSEMBLER FPR F L 0 C 0 2 I N S T R U C T I O N SET ^ ^ / ^ , l / ^ ^ / * " * ^ "^ % , Z P R - I I 3 5 6 
ASSEMBLY 4 8 GAFGAR ENDF/B OATA TAPES GGA 1 1 0 8 B I N R L T » ZPR I I I 3^ 
ATHFNA4. I N F L A S T I C ^C ATTE RING FOR M E ACT ORS ORNL ^ f % «S ^ T . ^ 1 ^ 

ATOM SPECTRA ENDF/B DATA ORNL 3 5 0 F4 RS P T " ^ ' - ^ GAMMA-RAY 46 
ATTENUATION CYL SPHERE GECM A l 7 0 9 0 F2 RS P » ^ . C E 2 GAMMA-RAY 4 6 
ATTFNUATIPN CYL SPHERE GEOM COC 1 6 0 4 F63 RS P * GPAC 2 GAM^A_R^^ ^^ 
ATTENUATION SLAB GECMETRY A l • ' C 9 0 F 2 R S P ' ^GRACE 1 , GAMMA-RAY 45 
ATTENUATION SLAB GECMETRY CDC 1 6 0 4 F63 RS P RC p x T » N O I S Y l , 4 8 8 
AUTO- AND CROSS-SPECTRAL D E N S I T I E S BNWL 1 1 0 8 F5 RS ^ ^ * NO SYl 4 8 8 
AUTD- AND CRPSS-SPECTRAL O E N S I T . E S BNWL ^ " " " / ^ J ^ ^ . / . ^ ^ E S O L V E C REGION 3 7 6 
AVERAGE X-SEC CALC BNL 6 6 0 0 F4 RS P » * ' E R A G E U N R E S O L V E C REGION 376 
AVERAGE X-SEC CALC BNL 7 0 9 4 F4 RS P » " V C K O , ^ 37( , 
AVERAGE, UNRESCLVED REGION AVERAGE X-SEC CALC BNL 6 6 0 0 F4 RS P 
AVERAGE. UNRESOLVED REGION AVERAGE X-SEC CALC « ^ ^ / ^ ° ^ t , ; ^ , , , L , - S E C T I C N 2 1 8 

AVERAGING GGA 7 0 4 4 F 4 RS P ^ . » ° * ^ " V p r 6 2 5 F4 RS P % 2 7 6 
A V O I D , ANNULAR V O I D X - S E C T I O N CALCULATION GEC 6 2 5 F4 Rb P 
« V R A G E 3 , 4 , S 1 G M A 2 . A 0 L E R . E N D F / B RESONANCE XSECS BNL 6 6 0 0 F4 RS P 
A X - T N T . COUPLED NEUTRONICS-HYORODYNAMICS SPH PW 1504 F 5 3 RS P > i i 

AXFLU HEAT TRANSFER MOLTEN FUEL TUBE BUNDLES LASL T ^ ^ ^ • ^ ^ 3 , , , 3 « 3 ^ « ; , . , , S , S * ^Hl 

AXISYM LOAD BAPL 6 . 0 0 F4 R S P ^ ^ ^ ^ ^ ^ ^ f ^ ^ . r j ^ S k f s S A N A L Y S I S 2 5 0 
AXISYMMETRIC LCAD GGA 7 0 4 4 F4 RS P T » ^""^^ ^ ' c y o p c c ANALYSIS 2 5 1 
AXISYMMETRIC LOAD GGA 7 0 4 4 F4 RS P T i S A F E - A X I S Y M . STRESS ANAL 
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AXISYMMETRIC STRESS ANALYSIS GGA 11C8 F4 RS P $ S A F E - 2 D , PLANE + 379 
AXTHRM, HEAT TRANSFER SOLID FU a TUBE BUNDLES LASL 7 0 9 4 F 2 RSBP $ 183 
4 X 1 , COUPLED NFUTRCNICS-HYORCOYNAMICS SPHERE CDC 3 6 0 0 F63 RSBP ^ 1C2 
R+W 6 6 0 0 F + ASC RS T $ B E T T I S ENVIRONMENTAL R O U T I N E S . SUBROUTINE L I B . R478 
B+W 6 5 0 " F+ASC RS P T $ P 0 Q 7 , 1 , 2 OR 3 - 0 FEW-GP D I F F U S I O N DEPLETION R275 
RRW 6 6 r c F + CDM RS P X T $ FARED, 1 -D FAST REACTOR DESIGN £ SURVEY STUDY 427 
R-W M U L T I - L E V E L CONVOLUTION PPCO 7 0 4 0 E+MAP RS P » COMBCO, COMBINED 203 
R-W PESONANCE DATA GGA 7 0 4 4 F+MAP RS P » FASOOP, X - S E C T I U N S FROM 216 
R-W RESONANCE PARAMETERS WANL 7 0 9 4 F2 RS P » E X T , X - S E C T I O N S FROM 238 
B-W X-SEC CALC BNL 66( ;0 F4 RS P $ S I G P L O T , RESOLVED MULTILEVEL 377 
B-W X-SFC CALC BNL 7 0 0 4 F4 RS P » S I G P L O T , RESOLVED MULTILEVEL 377 
BAM, S4 CYL CELL CPDE ANO TEMPEST COMBINATION A l 7 0 9 0 F2 RS P S 108 

B E T T I S ENVIRONMENTAL R O U T I N E S , SUBROUTINE L I B . R478 
A S P I S , GAMMA RAY SOURCE BUILDUP FACTOR CALC R429 
P D 0 7 . 1 , 2 CR 3 - 0 FEW-GP D I F F U S I O N DEPLETION R275 
SPAN4, A POINT-KERNEL SHIELD EVALUATION COOE R462 
RESQ2 . R E S Q O . O B F l , BESONANCE INTEGRAL HEX CELL R 2 8 5 
GAPL3, I N E L A S T I C LARGE DEFLECTION STRESS STUOY R397 
CYGR02, STRESS ANALYSIS CYL FUEL ELEMENT R256 
M 0 6 4 8 . l - D SLAB TRANSPORT WITH SLOWING DOWN R342 
M 0 8 0 7 , 2 - D D I F F U S I O N ABSORPTION REMOVAL X-SECS R280 
WATER, STEAM TABLES 1 4 . 5 - 1 4 . S O O P S I A 3 2 - 4 7 2 D E G F R267 
C I N D E R , M C 1 0 2 . POINT DEPLETION F I S S I C N PRODUCT 313 
GRAMP, R-M PARAMETERS OF UNRESOLVED RESONANCES R470 
R E L O I , R E L I A B I L I T Y FOR A S INGLE FAILURE MODE R 4 9 7 
B E 2 1 , FEW-GP DISCRETE ORDINATES SLAB GEOME RY R398 
B L 4 7 . DRAFTING TOOL TO PLOT PLANE STRUCTURES R373 
B U B L l , FUEL SWELLING + GAS RELEASE S I M U L A T I O N R468 
BUSHL, CYL SHELL B X K L I N G COLLAPSE ANALYSIS R481 
C H I C - K I N , FAST + INTERMECIATE POWER TRANSIENTS R 4 7 3 
C Y G R 0 3 . OXIDE FUEL ROD STRESS t DEFORMATICN R449 
O A F T l , LEAST SQUARES F I T F I S S I L E NUCLIDE DATA R327 
EPOCH. NEUTRON AGE CALCULATICN OF ENOF/B OATA R 4 6 1 
F I G R O , LSBR FUEL SWELLING TEMPERATURE STUDY R272 
FLASH3, LCSS-OF-COOLANT ACCIDENT ANALYSIS R295 
F L A S H 4 , F U L L Y - I M P L I C I T TRANSIENT S I M U L A T I O N R448 
F L O T l , M 0 2 1 9 , PWR FLOW TRANSIENT ANALYSIS R331 
GLUBl , WATER-LOGGED FUEL ELEMENT ANALYSIS R424 
H 0 T 2 , 2 - 0 TRANSIENT HEAT CONDUCTION PROGRAM R286 
J I T E R , FLUCTUATION EXPERIMENT ANALYSIS R394 
M A N E l , RECTANGULAR MAGNETIC NETWORK SOLUTION R412 
M 0 2 5 5 , LINEAR E L AS T IC STRUCTURAL DYNAMICS R383 
M 0 4 5 7 , P I P E . E L AS T IC STRESS OF P I P I N G SYSTEM R329 
M 0 5 5 2 . DYNAMIC ANALYSIS LINEAR ELA ST I C SYSTEMS R2e3 
M 0 5 5 5 . A C T 1 , LOSS-OF-COOLANT ACCIDENT ANALYSIS R284 
M0661 , M 0 5 5 7 , M 0 6 2 6 , POLYNOMIAL CURVE F I T T I N G R 4 1 1 
M 0 7 5 6 . L E T a , 1 -D SLAB GAMMA-RAY TRANSPCRT R343 
M 0 8 9 9 , H 0 H , STEAM TABLES 1 4 . 5 - 2 5 3 8 P S I A R294 
NOWIG. 1 -D 2 - G P K I N E T I C S TEMPERATURE FEEDBACK R 371 
P U N l . UNRESOLVED RESONANCE INTEGRALS X-SECS R359 
REDUX. REACTOR FLUCTUATION EXPERIMENT ANALYSIS R425 
SEALSHELL2, SHELL STRESS ANALYSIS AXISYM LOAD R282 
SUMOR, S-WAVE NEUTRON X - S E C T I O N CALCULATION R399 
TOPS, TRANSIENT THERMODYNAMICS OF PRESSURIZERS R 3 4 8 
T W I G L . 2 - D 2 - G P SPACE-T IME D I F F U S I O N FEEDBACK R338 
WASP. WATER AND STEAM THERMODYNAMIC PROPERTIES R396 
W I G L 2 . 1 -D 2-.GP S F A C E - T I M E C I F F U S I O N 3-GEOM R 274 
P A X 0 2 , HARMONY-POQ X - S E C T I O N GENERATION COOE R426 
D T F 4 . 1-D M U L T I - G P DISCRETE ORDINATE PROGRAM 209 
EXTERMINATCR2 , 2 - C M U L T I - G P D I F F U S I O N PROGRAM 156 
FOG, 1 -0 FEW-GP D I F F U S I O N SLAB CYLINDER SPHERE 28 
GAHTEC2, MULT I -GP CONSTANT CALC 0 TO 10 MEV 185 

4 L I B R A R I E S , MUF T4 CR 5 + GAMl + GAM2 WNES 6 6 0 0 4 4 7 
» ADEP. I D ANO 20 FEW-GROUP SPACE-T IME K I N E T I C S 4 9 4 

RAPL 
RAPL 
BAPL 
BAPL 
BAPL 
BAPL 
BAPL 
BAPL 
RAPL 
BAPL 
BAPL 
RAPL 
RAPL 
BAPL 
BAPL 
BAPL 
BAPL 
RAPL 
BAPL 
RAPL 
BAPL 
BAPL 
BAPL 
RAPL 
RAPL 
RAPL 
RAPL 
RAPL 
BAPL 
BAPL 
BAPL 
RAPL 
BAPL 
RAPL 
RAPL 
BAPL 
BAPL 
BAPL 
BAPL 
BAPL 
BAPL 
BAPL 
RAPL 
RAPL 
RAPL 
BAPL 
BC 
BC 
BC 
BC 
BCD 
BCL 

6600 
56CO 
560n 
6500 
6600 
6600 
55 OC 
6600 
5500 
6500 
650,1 
56 c:! 
550c 
6500 
6500 
5500 
5500 
6500 
5500 
5600 
5600 
6600 
6600 
5500 
5600 
650C 
5500 
5500 
6500 
5600 
5500 
56C0 
550f 
5500 
6500 
6600 
6500 
5600 
5600 
5500 
5600 
660C 
5500 
5500 
6500 
6600 
625 
625 
625 
52 5 
R 
5400 

F + ASC 
F + ASC 
F + ASC 
F + ASC 
F + ASC 
F+COM 

F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
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F4 
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F4 
F4 
F4 
F4 
F4 
F4 
F4 
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F4 
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F4 
F+MAP 
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L T : 
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P 
P X 
P 

P 
P 
P 
P 
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P 
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P 
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P 
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p 

P X 
I ETOGl 
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T 
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. , « « c/. B< P T 1 ECCSA4, LOSS-OF-COOLANT t. EMERGENCY COOLING 3 3 0 
''^'- ^^Z I . «\ P T I N U R L O C - l . O , LOSS-CF-COOLANT THERMAL ANALYSIS 328 
" ' ' c * ' AN. 3 6 0 0 E36 SBP t B0W2. DEFLECTION CALCULATION PARALLEL 3 6 5 
' ' * " c . » S ? 6 6 0 0 F4 RS P » STEM, MATRIX GENERATION FOR A SYSTEM OF R 3 3 7 
^ - : : I 0 P " " " A N L " 3 6 0 4 RS P T , L ^ F E l , FAST - A C T O R FUEL ELEMENT ^ 4 6 0 

ir;.i\ iziz::^ '.ii izii:i ii' iti'o ; r c : ii ^^j« MODEL MODIFIED R478 
RFTTIS ENVIRPNMENTAl R O U T I N E S , SUBROUTINE L I B . B + W 6 6 0 0 F + ASC RS T t R47B 
RETT S ENVIRONMENTAL R O U T I N E S . SUBROUTINE L I B . BAPL 5 6 0 0 F + ASC RS T » R 4 7 8 
r 2 i ; % F W - G P D I S C P E T E ORDINATES SLAB GECME RY 5 6 0 0 F 4 ^ ^ ^ HJ^^,,]^,' " l e ? 

9 « 36'^ l^ l l - ' • lll^" \ l l PERTURBATION FOR AIM ANO FOG CODES 30 

'""l? ? . n F4 RS P T I FAIMOS 1 - D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE 120 
BHSC 3 6 0 E4 RS P T » ^ * ^ ^ ' ^ S . '^ NEUTRON SPECTRUM X - S E C T I C N S 5 0 

ITu' r r T » " z P R - . n I s ^ E r B L Y ^ ' R J - G A R ENCF/B DATA TAPES GGA 1 1 0 8 3 6 

B ' I N A R Y ' L I B R A R Y T A P E • ^ " ^ ^ ^ r A T ^ A ' A N M Y S I S ^ ' ^ E E S 110 E5 S ' » GAGE. M 
B I R O , S P E C , T I M E - O F - F L I G H T DATA A N A L Y S I S GEES l l O B 1-5 « i 

BLOWOOWN PPCO 3 6 0 F4 RS P X » B U R b i l . " T U u p f L A P 2 , REACTOR 3 6 9 
BLOWOOWN - EXCURSION ANALYSIS INC ^ O ^ ^ / * " ^ ^ " % % SATURATED BLCWC0WN2, 2 0 0 
BLOWOOWN ANALYSIS LOFT KE 7 0 9 4 F + MAP RSBP T » S * T ^ ^ . „ ^ , „ „ , „ e ^ j , D 3 7 8 
BLOWOOWN ANALYSIS LOFT UGA 3 5 0 F4 RS P » W I t ^^ ^^^ 

BLOWOOWN PRESSURE TEMPERATURE HISTORY ' ' ^ _ . J ° ! J J % S B P T » SATURATED 2 0 0 
BLOW0OWN2, BLOWDOWN A N A L Y S I S LOFT ^^^^-^E „ J O " ^ B I P L 65C0 F4 RS P T » R 3 7 3 
BL47 , DRAFTING TOOL TP ^^OT PL ANE STRUCTUR S BAPL 6 5 C ^ F ^^^ ^ ^ ^^ _̂ ^^^ ^^ ^ ^ ^ ^ ^ 
RNL 5 5 0 0 F4 RS T t " ^ C T .CHECKER , R O t L . K L ^ AVERAGE X-SEC CALC 3 7 6 

BNL 55CC F4 R S P * * f ' " ' J ' C H J O O P E R ESO VED R GION X-SEC T I ONS 4 9 2 

BNL 650C F4 RS P « ' f r p ^ T RESOLVED MULTILEVEL P-W X-SEC CALC 377 
BNL 66C0 F 4 R S P » S I G P L C T , RE SOLVED MULT L ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^^^^^ 
BNL 5 5 0 0 F4 RS P T » ^ ^ ^ ' < ^ ^ ' ' * ' ^ ' E-GP SP ACE-T I ME D I F F U S I O N FEEDBACK 4C5 
BNL 5 5 0 0 F4 RS P T I ^^^*^' 7 ^ ° ' '^LANE STR SS A N A L Y S I S . 2 - C BCCIES 2 5 2 
BNL 55C0 F4 RS P T i ^AF E-PL ANE . PL A NE ST b b ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 3 ^ 

BNL 709(. F + FAP RS P T t " , | ^ ' ° * ' * ^^'s^OLVEc R ^ ' O ' ^ AVERAGE X-SEC CALC 376 
BNL 7 0 9 4 F4 RS P t * y " * " ' B p c n i v F O MULTILEVEL B-W X-SEC CALC 377 
BNL 7 0 9 4 F4 RS P _» SIGPLCT « S O L V E D MULTILEVEL , , „ , 

BNL-DP 7 0 9 0 F+FAP RS PLX T J ^ I ^ ^ ^ ^ ^ ^ . ' ^ ^ . ^ I ^ ^ P O F F U S I O N SLAB CYL SPHERE 2 4 1 
RNW 1107 F4 RS P T t " ' " ' i ' J / u,,rT -GP CONSTANT CALC 0 TO 10 MEV 165 
BNW 1 1 0 7 F4 RS PL T » ^ ^ ^ ^ ^ ^ ' . ^^p . S ^ R e A l f c N XY RZ RTHETA CEC.ETRY 3 0 4 

7 : : ' \ , ^ \ M U L n - C P CONSTANT CALC 0 TO 10 MEV 

BNW i i r « F 4 RS P S : " r ' ^ - ^ . S ^ r T A L ^ S o r F r S T " E T r R * x - S E c ' c l L C 3 0 6 
BNW n C R F4 RS P T » , P « 4 . FUNOAMENTAL MOOE ^ ^^^ CEPLETION 325 
BNW n C 8 E4 RS P T » 2 C B , 2 - C ^ ^ p ^ p ^ ' ^ ' ^ ^ ^ 4 5 ; X - S E C T I O N GENERATION 3 7 4 
BNW U 0 « F4 RS P X T » D ^ ^ ^ ' l - % ° ^ 7 o ! ^ 5 ' ^ ' o E GENERATION AND DECAY 3 6 7 
BNW 1 1 0 8 F5 RSBPL T S I S O G E N . "^D^a^^^'p'"^CNST ANT CALC 0 TO 10 MEV 185 
BNW 7 0 9 0 F+FAP RS PL T » ^ ^ ' ' ^ ^ ^ . MULT GF L ^ ^ ^ ^ ^ ^^ ^^p^^ ,^ 7 5 
BNW 7090. FLOCO RSBP T i GE-HA PO-S 1 3 . ^l^O^^jUL ^ l̂ ^ ^ ^^^^^^ ^^^^ GEOMETRY 1 4 3 

4 3 2 
4 6 7 
4 5 6 
4 8 3 
4 8 8 
1 8 4 

BOUNCE. F l U X O I S T I N ^ ^ U L T I - P I N FUEL ELEMENT AGL ^ ^ ^ ^^^ ^ 5 

B0W2, C E F L E C T I C N CALCULATION PARALLEL ' E A M S ^ ANL^ ^ ^ ^ ^ ^ PARAMETERS FAST 3 7 2 

BOEFDERS APO 6 3 5 F4 RS ^ 

RNL 
GGA 
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B R T l , THERMAL SPECTRUM X - S E C T I O N CALC BNWL 1 1 0 8 F5 
B U B L l . FUEL SWELLING + GAS RELEASE S IMULATION BAPL 6 6 0 0 F4 
BUCKLING CCLLAPSE ANALYSIS BAPL 6 6 0 0 F4 RS P 
RUCKLING CYL FUEL ELEMENTS AEB 3 6 0 F4 RS P 
B U G T R I . 2 - C MULTIGP D IFFU S lON + BURNUP T R I - M E S H GGA 
RUG2, 2 -D MULTIGROUP D I E F U S I O N + BURNUP X Y , RZ GGA 

RS PLX T $ 
RS P T t 

T $ BUSHL, CYL SHELL 
$ WELWING, MATERIAL 

1 1 0 8 F+BAL RS P T » 
1 1 0 8 F+BAL RS P T $ 

BUILDUP FACTOR CALC RAPL 5 6 0 0 F + ASC RS P T t A S P I S , GAMMA RAY SOURCE 
T $ V E L V E T 2 , TURBULENT FLOW I N LMFBR ROD 

ANL 3 6 0 F4 RS P T » C 0 8 R A 3 . ROO 
BNWL 1 1 0 8 F4 RS P T $ C 0 B R A 3 , ROD 

t AXFLU, HEAT TRANSFER MOLTEN FUEL TUBE 
i AXTHRM, HEAT TRANSFER S O L I C FUEL TUBE 

RS P T $ FUMBLE, FAST REACTOR FUEL 
RS P T t BURNUP. HEAVY ELEMENT I S O T O P I C 

aURNUP CYL L A T T I C E WAPD 7 0 9 4 F+MAP RS PLX T $ LASER. SPECTRUM CALC WITH 
RURNUP POWER D I S T R I B U T I O N SEARCH GGA 1 1 0 8 F4 RS P T t G A S P 7 , 1 - 0 

LASL 5 5 0 0 F4 RS P T » P H E N I X , 20 D I F F U S I O N 
7 0 9 0 F+FAP RSBP T $ DOB, 2 - D FEW-GP O I F F U S I O N 

BUNDLE GESV 6 3 5 F4 RS P 
BUNDLE THERMALHYDRAULIC ANALYSIS 
BUNDLE THERMALHYDRAULIC ANALYSIS 
BUNDLES LASL 7 0 9 4 F2 RSBP 
BUNDLES LASL 7 0 9 4 F 2 RSBP 
BURNUP + MANAGEMENT GESV 535 F4 
RURNUP ANALYSIS GEV 635 F4 

BURNUP REFUELING HISTORY 
RURNUP RZ GEOMETRY GGA 
RURNUP XY, RZ GGA 1108 F + BAL RS P T $ BUG2, 2 - 0 MULTIGROUP D I F F U S I O N + 
RURNUP, HEAVY ELEMENT I S O T O P I C BURNUP ANALYSIS GEV 635 F4 
B U R P l , DETECTOR E F F I C I E N C Y POINT SOURCE UM 7 0 9 0 MAD 
RURP?, DETFCTOR EFF IC IENCY DISK SOURCE UM 7 0 9 0 MAD 
RURP3, DETECTOR E F F I C I E N C Y POINT SOURCE UM 7 0 9 0 MAD 
RURP4, GAMMA-RAY PHOTOFRACTION SOLID CRYSTAL UM 7 0 9 0 MAD 
B U R P 5 , GAMMA-RAY PHOTOFRACTI CN WELL CRYSTAL UM 7 0 9 0 MAC 
B U R S T l , HYCRGDYNAMIC ANALYSIS DURING BLOWDOWN PPCO 3 6 0 F4 
RUSHL, CYL SHELL BUCKLING COLLAPSE ANALYSIS RAPL 5 5 0 0 F4 

RS P 
RSB 
RSB 
RSB 
RSB 
RSB 
RS P 
RS P 

RW 2000 F4 RS $ S T R I P , RESOLVED RESONANCE INTEGRAL CALCULATION 
C A E S A R 4 , L I B L S T , 1 - 0 M U L T I - G P D I F F U S I O N + L I B Al 3 6 0 F4 RSBPLX T 
C A G E , R I R D , S P E C , T I M E - O F - F L I G H T DATA ANALYSIS GEES 1 1 0 8 F5 RS P T 
CALCOMP PLOTTING ROUTINES KAPL 6 5 0 0 F + COM RS T $ KAPLPLCT, KAPL 
CASCACE, CCMPOUND NUCLEUS REACTION A l 3 6 0 F + 8AL R S P T » COMNUC, 
CASCADE.CLUSTER, RADIATION DAMAGE IN METALS GEC 6 3 5 F + FAP RSBP T t 

1 1 0 8 F4 RS P T $ MUSCAT, VIEW FACTOR S H I E L D I N G COCE 
RS t PERT, 1-D PERTURBATION FOR AIM AND FOG CODES 

L T $ S I Z Z L E , 1 -D MULTIGRCUP D I F F U S I O N DEPLETION 
P $ A I R E K 3 , SPACE-INOEPENDENT K I N E T I C S W/FEEDBACK 
P i CLOUD, GAMMA-RAY COSE RATE FROM A CLOUD 
P $ G R A C E l . GAMMA-RAY ATTENUATION SLAB GECMETRY 

t GRACE 2 , GAMMA-RAY ATTENUATION CYL SPHERE GEOM 
$ HAFEVER, HAUSER-FESHBACH I N E L A S T I C SCATTERING 
t S A I L . 1 - 0 l - G P SN APPROXIMATION SLAB GECMETRY 
t S4 CYL CELL CODE, l - D 1-GP S4 APPROXIMATION 
i E Q U I P C I S E 3 A . 2 - C 2 -GP O I F F U S I O N CYLINCER SLAB 
t FOG, 1-D FEW-GP D I F F U S I C N SLAP CYLINDER SPHERE 
% WHIRLAWAY, 3 -C 2-GROUP D I F F U S I O N XYZ GEOMETRY 
$ 20GRAND, 2 - 0 FEW-GROUP D I F F U S I O N SLAB CYLINDER 
t A I M 6 , 1-D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE 
% ARES2, RESONANCE INTEGRAL X - S E C T I O N CALC 
t FORM, FAST NEUTRCN SPECTRUM X - S E C T I C N CALC 
$ TEMPEST2, THERMAL NEUTRON SPECTRUM X - S E C T I C N S 
t F A I M , 1 -D M U L T I - G F D I F F U S I O N SLAB CYL SPHERE 
t G A M l , FAST NEUTRCN SPECTRUM X - S E C T I C N CALC 
t A X l , CCUPLED NEUTRONICS-HYORODYNAMICS SPHERE 
t F L A R E , 3 -D R E A C T I V I T Y AND POWER D I S T R I B U T I O N 
$ MODEL, M O D I F I E D B E T T I S ENVIRNMNTL L I B SCCPE3.2 
S MODEL, MODIF IED B E T T I S ENVIRNMNTL L I B S C Q P E 3 . 3 
t C E X E . I N C E X E . 1-GP 3 - D XYZ XENCN C S C I L L S T I C N 
% E X T E P M I N A T 0 R 2 , 2 - D M U L T I - G P D I F F U S I O N PRCGRAM 

RSBP X T $ R A B B L E . W L I B , F L A T . RESONANCE ABSORPTION. 
RSRP X T $ R I F F - R A F F , RESCNANCE INTEGRAL CALC 2 - R E G 

RAPL 5 5 0 0 F + ASC RS P X T $ R ESQ 2.R ES QO, DBF I , RESONANCE INTEGRAL HEX 
CFLL CALCULATION Al 3 5 0 F + BAL RS P X T $ HWOCR-SAFE, 2 - D MONTE CARLO 

CELL CODE AND TEMPEST COMBINATION Al 709C F2 RS P t BAM. S4 CYL 

CDC 
CDC 
COC 
CDC 
CCC 
CDC 
CDC 
CDC 
CDC 
COC 
COC 
COC 
CCC 
CDC 
COC 
CDC 
CDC 
CDC 
CDC 
CDC 
CCC 
COC 
CE 
CE 
CFLL 
CELL 
CFLL 

RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 

CAVITY GEOM GGA 
COC 1504 F53 

1604 F63 
15C'4 F53 
1.504 F5'^ 
1504 F53 
1604 F63 
1 6 0 4 F63 
1604 F 6 3 
1 5 0 4 F61 
1504 F63 
1604 F63 
1 6 0 4 F6 3 
15C4 F53 
1504 F63 
1 6 0 4 F63 
1604 F 6 3 
1 5 0 4 F63 
1 6 0 4 F53 
1 5 0 4 F63 
3 6 0 0 t:63 
3 5 0 0 F5' ( 
550,-, F+CPM RS 
5 6 0 0 F+CPM RS 

350 F4 
6 6 0 0 F4 

ANL 360,1 E36 
ANL 35O0 F35 

RS PL 
RS PL 
RS PL 
RS PL 
RS PLX 
R S PLX 
RSBP 
RSRP 

RS P 
RS P 
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CELL COCE, 1 - D 1-GP S4 APPROXIMATION A l 7 0 9 0 F 2 RS $ S4 CYL 53 
CELL CDDE, 1 - D 1 - G P S4 APPROX IMAT ICN COC 1 6 0 4 F63 RS P » S4 C YL 53 
CENTRIFUGAL PUMP IMPELLER DESIGN STUOY PW 1 5 0 4 F63 RS P T » P I P , 1 8 7 
C F X E , I N C E X E , 1 -GP 3 - D XYZ XENON O S C I L L A T I O N CE 3 6 0 F4 RS P X T » 4 1 5 
CHAD, LEGENDRF COEF CALC FOR ANGULAR CIST CATA A l 7 0 9 4 E+MAP RS P S 215 
CHAIN ANALYSIS ORNL 1 6 0 4 F 63 RS P » ISOCRUNCH, REACTICN DECAY 180 
CHAIN ANALYSIS ORNL 7 0 9 0 F2 RS P S ISOCRUNCH, REACTION DECAY 1 8 0 
CHAIN EOUATIONS ORNL 7 0 9 0 F2 RSBP i NUCY, SOLUTION OF NUCLIDE 134 
CHAINS GEC 6 3 5 F4 RSBP t C H A I N S , A N A L Y S I S OF RADIOACTIVE DECAY 4 1 8 
CHAINS, ANALYSIS OF R A D I O A C T I V E CECAY CHAINS GEC 6 3 5 F4 RSBP i 4 1 8 
CHECKER, E N D F / R - I I PROCESSING ROUTINES ANL 3 6 0 F4 RS P T $ CRECT, 4 7 5 
CHEEKER,CRECT, C A M M E T , P L O T F B , S L A V 3 , ENDF/B PROC NCSC 660C F4 RS T » 384 
C H F C K E R , R I G E L , P L O T F B , L I S T F C . C I C T I O N . E T C . BNL 55C0 F4 RS T t CRECT, 4 7 5 
CHFML0C2. CORF HEATING CL ADO ING-STEAM REACTICN ANL 350C F36 RSBP t 366 
CHI 1 1 0 8 F4 RS P T » L I O N , 3 - D TEMPERATUPE D I S T R I B U T I O N PROGRAM R 2 9 9 
C H I C - K I N , FAST + I N T E R M E D I A T E POWER TRANSIENTS BAPL 5 5 0 0 F4 RS P T $ R 4 7 3 
CHORD OIST FUNCT AEG 7 0 9 0 F 2 RS » DANCOFF J R , MODERATCR SPACE 150 
CINCAS, NUCLEAR FUEL CYCLE CCST ANC ECONOMICS COMM 3 5 0 F4 RS P T » 354 
CINCAS, NUCLFAR FUEL CYCLF CCST AND ECCNOMICS WNES 6 5 0 0 F4 RS P T » 354 
CINOER(M0102 I . POINT DEPLETION F I S S I O N PRODUCT DP 3 5 0 F + BAL BS P T » 313 
C I N D E R . M Q 1 0 2 , POINT D E P L E T I O N F I S S I O N PRODUCT BAPL 6 6 0 0 F4 RS P » 3 1 3 
C I T A T I O N , 1 , 2 , 3 - 0 D I F F U S I O N D E P L E T I O N MULTIGP CRNL 3 6 0 F4 RS P T J 387 
CLADOING-STFAM REACTION ANL 3 6 0 0 F36 RSBP t CHEML0C2. CORE HEATING 3 6 6 
C L I P , FORM OR THREDES L IRRARY U T I L I T Y ROUTINE Al 3 6 0 F4 RSB L T I 2 7 1 
CLOUD A l 7 0 9 0 F 2 R S P $ CLOUD, GAMMA-RAY COSE RATE FROM A 4 7 
CLOUO CDC 1 6 ' ' 4 F63 RS P $ CLOUD, GAMMA-RAY DOSE RATE FROM A 4 7 
CLOUD DP 3 6 0 F 4 RS P » CLCUC, GAMMA-RAY COSE RATE FRCM A 4 7 
CLOUO, GAMMA-RAY DOSE RATE FROM A CLOUD A l 7 0 9 0 F2 RS P t 4 7 
CLOUO, GAMMA-RAY DOSE RATE FROM A CLOUO CDC 1 5 0 4 F63 RS P » 4 7 
CLOUO, GAMMA-RAY DOSE RATE FROM A CLOUD DP 3 6 0 F4 RS P I 4 7 
CLUSTER, R A C I A T I O N CAMAGE IN METALS GEC 5 3 5 F+FAP RSBP T t CASCADE. 4 1 9 
C P X M A T , TRANSFER FUNCTION EVALUATICN PW 1 6 0 4 F63 RS P t 188 
CNEA 360 F4 RS P » T R I F I D O , PULSED NEUTBON SCURCE OATA ANALYSIS 4 8 9 
COAGULATION OF HETEROGENEOUS AERCSCLS A l 3 6 0 F4 RS P T » H A A 3 . 4 4 3 
rOBRA3, ROD BUNDLE THERMALHYDRAULIC ANALYSIS ANL 360 F4 RS P T » 4 3 2 
C0BR43. ROO BUNDLE THERMALHYDRAULIC A N A L Y S I S BNWL 1 1 0 8 E4 RS P T » 4 3 2 
C O D I L L I . LEAST SQUARES ANALYSIS RESCNANCE CATA U I L L 360 F4 RS P » 3 4 7 
COEF CALC GGA 7 0 4 4 F 4 RS P T » TEMCO, 1 - D FEW-GP D I F F U S I O N TEMP 2 2 5 
COEF CALC FOR ANGULAR OIST GGA 7 0 4 4 F4 RS P X % L E G C 0 E F 3 , LEGENDRE 2 1 7 
COEF CALC FCR ANGULAR O I S T DATA A l 7 0 9 4 F + MAP RS P « CHAD, LEGENDRE 2 1 5 
COEFFICIENT CALCULATION GGA 1 1 0 8 F4 RS P T » T E M C 0 7 , TEMPERATURE 3 2 0 
COEFFICIENTS LRL 7 0 9 0 F + EAP RS P T » SOPHI ST 1 / 2 / 5 , M U L T I - G P TRANSFER 160 
COHRE, COHERENT I N E L A S T I C SCATTERING LAW CALC GGA 1108 F4 RS P X t 385 
COHERENT I N E L A S T I C SCATTERING LAW CALC GGA 1 1 0 8 F 4 RS P X t COHBE, 385 
COINC, C D I N C i n E N C E COUNTING OATA RECUCTION ANL 3 6 0 0 F63 RSBP $ 2 4 8 
COINCIDENCE COUNTING OATA REDUCTION ANL 3 5 0 0 F63 RSBP » C O I N C , 248 
CCLLAPSE ANALYSIS BAPL 6 6 0 0 F4 RS P T » BUSHL. CYL SHELL BUCKLING R481 
COLLAPSING TRW-MMU 6 5 0 0 F4 RS P » P A R T I . OPTIMAL GROUP OR MESH 4 1 6 
COLLAPSING APRF 6 6 C 0 F4 RS » A P R F X l . 9 9 - G P 0 L C - 2 B LIBRARY GRCUP 4 6 5 
COLL IS ION P R O B A B I L I T I E S MC ORNL 360 F+BAL RS P T » R A F F L E . 1ST F L I G H T 392 
COLL IS ION P R O B A B I L I T I E S MC ORNL 7 0 9 0 F + FAP RS P T $ RAFFLE. 1ST FLIGHT 3 9 2 
COMBCO. COMBINED B-W M U L T I - L E V E L CONVOLUTION PPCO 7 0 4 0 F + MAP RS P » 2 0 3 
COMM 3 6 0 F4 RS P T $ C I N C A S . NUCLEAR FUEL CYCLE COST AND ECONOMICS 3 5 4 
COMNUC,CASCADE. COMPOUND NUCLEUS REACTICN A l 3 6 0 F+BAL BS P T t 4 8 2 
COMPLEX GAMMA-RAY SPECTRA ANALYSIS KAPL 6 6 0 0 F 4 RS T t GASPAN. R 4 8 5 
COMPLEX GAMMA-RAY SPECTRA KSUN 3 6 0 F4 RS P t CORGAM, UNFOLDING OF 3 9 0 
COMPOSITE STRUCTURE STRESS STUOY GGA 1 1 0 8 F4 RS P T » S A F E - 3 C . 3 - 0 3 3 2 
COMPCSITE STRUCTURE STRESS STUCY ORNL 3 6 0 F + BAL RS P T » S A F E - 3 D . 3 -D 3 3 2 
COMPOUND NUCLEUS REACTION A l 3 5 0 F+BAL RS P T $ COMNUC.CASCADE. 4 8 2 
COMPOUND NUCLEUS X - S E C T I O N CALC ANL 3 6 0 0 F 6 3 RSBP » NEARREX, 1 7 1 
COMPUTER-PRODUCED W I R I N G L I S T S UHTREX LASL 7 0 9 0 F + FAP RS P » W I R E X . 3 1 5 
CONCEPT. POWER PLANT CONCEPTUAL CCST ESTIMATES ORNL 360 F4 RS P T $ 4 9 8 
CONCEPTUAL COST ESTIMATES ORNL 3 6 0 F4 RS P T » CONCEPT. POWER PLANT 4 9 8 
C n w o c T C GGA 1 1 0 8 F4 RS P $ S A F E - C R E E P . V I S C O E L A S T I C ANALYSIS 3 0 0 
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CDNCRETF GGA 1 1 0 8 F5 RS P T $ SAFE-CRACK. V I S C O E L A S T I C ANALYSIS OF 
CONDUCTION PPCO 7 0 4 4 F+MAP RS P T » TOODEE. 2 - D T IME-DEPENDENT HEAT 
CONDUCTION LUMPEC MASS LASL 7 0 3 0 F4 RS T t R A T H . 2 - DR 3 - 0 HEAT 
CONDUCTION LUMPED MASS LASL 7 0 9 4 FAP RS P T $ RATH. 2 - OR 3 - 0 HEAT 
CPNCUCTION PROGRAM BAPL 6 5 0 0 F4 RS P T $ H 0 T 2 , 2 - D TRANSIENT HEAT 
CPNEC. COUPLED NEUTRONICS-HY DRCDY NAM ICS SPHERE LRL 709U F2 RS P t 
CONFIGURATION FUEL TEMPERATURE CODE GGA 7 0 4 4 F4 RS S CORE, CORE 
CONSTANT CALC AGC 7 0 9 0 E + FAP RSBPLX T » AGN-GAM. FAST SPECTRUM M U L T I - G P 
C 0 N < : T A N T CALC FRCM TOR OUTPUT OATA LASL 6 5 0 0 F4 RS P T » GLEN, GROUP 
CONSTANT CALC 0 TO 10 MEV BC 52 5 F4 RS P X T t GAMTEC2, M U L T I - G P 
CCNSTANT CALC 0 TO 10 MEV BNW 1 1 0 7 F4 RS PL T $ GAMTEC2, M U L T I - G P 
rONSTANT CALC 0 TO 10 MFV BNW 7 0 9 0 F+FAP RS PL T » GAMTEC2. M U L T I - G P 
CONSTANTS ORNL 36C F4 RS PLX T % XSDRN, DISCRETE ORDINATE MULTIGROUP 
CONSTANTS BNWL U O R F4 RS PLX T t HRG3, SLOWING-DOWN SPECTRUM, MULTIGP 
CONSTANTS FPR DSN TOC PW 1 6 0 4 F63 RS P $ SNC, CALCULATICN CF SN 
CONSTANTS FROM ENCF/B FOR IDX HEOL U O S F4 PS P X T t E T C X 2 , MULTIGP 
CONSTANTS GENERATICN ORNL 3 5 0 F4 RS P T $ SUPERTOG, E N D F / 8 F I N E - G P 
CONTAINMENT PRESSURE POST RUPTURE GGA 7 0 4 4 F4 RS X T » PRECCN. HTGR 
CONTEMPT-PS, PRESSURE-TEMPERATURE RESPONSE ANC 360 F + BAL R S P T » 
CONTEMPT, LOSS-OF-COOLANT ACCIDENT ANALYSIS PPCO 7 0 4 0 F + MAP RS P T $ 
CONVERSION ANL 350 F 4 RS P T $ ETOE. ENDF/B TO M C * * 2 DATA 
CONVERSION APDA 3 5 0 0 ASAF4 RS P T I ETOE, ENDF/B TO M C * * 2 DATA 
CPNVOLUTTON PPCO 7 0 4 0 F + MAP RS P t CCMBCO, COMBINEC B-W M U L T I - L E V E L 
COOLING RCL 5 4 0 0 F4 RS P T I ECCSA4, LOSS-OF-COOLANT t EMERGENCY 
CORE ACCIDENT ANALYSIS GESV 5 3 5 F4 RS P T » FREADMl , FAST REACTOR 
CORF CONFIGURATION FUEL TFMPERATURE CODE GGA 7 0 4 4 F4 RS » CORE, 
CORF HEATING CL ACC ING-ST E AM REACTION ANL 3 6 0 0 F 3 5 RSBP i CHEML0C2, 
CORF SUPPORT STRFSS ANALYSIS ANL 3 6 0 0 F36 RS P T » SUPORAN, REACTOR 
CORE THERMAL DESIGN STUDY GGA 7 0 4 4 F4 RS P $ GAZELLES, GAS-COOLED 
CORE, CORE CONFIGURATICN FUEL TEMPERATURE COCE GGA 7 0 4 4 F4 RS S 
CORGAM. UNFOLDING OE COMPLEX GAMMA-RAY SPECTRA KSUN 3 6 0 F4 RS P t 
COST ANALYSIS A l 7 0 9 0 F 2 RS P $ A I M F I R E . URANIUM FUEL CYCLE 
COST ANO ECONOMICS COMM 3 5 0 F4 RS P T $ C I N C A S . NUCLEAR FUEL CYCLE 
COST ANO FCONOMICS WNES 5 5 0 0 F4 RS P T $ C I N C A S . NUCLEAR FUEL CYCLE 
COST CALCULATIDN GGA 1 1 0 8 F4 RS P T t PWCOST, REACTOR FUEL CYCLE 
COST ESTIMATES CRNL 3 5 0 F4 RS P T $ CONCEPT, POWER PLANT CONCEPTUAL 
COSTS ORNL 1 6 0 4 F 5 3 R S P $ POWERCO, NUCLEAR STATION E L E C T R I C I T Y 
CCSTS GGA 7 0 4 4 F4 RS P T $ STMGEN, STEAM GENERATOR DESIGN C R I T E R I A 
COSTS PERFORMANCE DATA KE 7 0 9 0 F2 RSBP i NPRFCCP. FUEL CYCLE 
COSTS PERFORMANCE STUDY GGA 7 0 4 4 F 4 R S P t WAMPUM, FUEL CYCLE 
COUNTING OATA REDUCTION ANL 3 5 0 0 F63 RSBP t C O I N C . COINCIDENCE 
COUPLED NEUTRON-HYDRODYNAMICS APDA 7C94 F2 RS P » WEAK EXPLCSION, 
COUPLED NEUTRONICS-HYORODYNAMICS COCE AGC 7 0 9 0 F2 RSB % HATCHET, 
COUPLED NEUTRONICS-HYDRODYNAMICS SPH PW 1604 F 6 3 RS P » A X - T N T , 
COUPLED NEUTRONICS-HYDRODYNAMICS SPHERE CDC 3 6 0 0 F63 RSBP $ A X l . 
COUPLED NEUTRONICS-HYDRODYNAMICS SPHERE LRL 7 0 9 0 F 2 RS P » CONEC. 
COUPLED-CHANNEL X-SEC EVALUATICN CRNL 1 6 0 4 F53 RS P T » J U P I T O R l , 
CPS, SC4G20 PLOTS FROM SCISRS X - S E C T I O N TAPES WANL 7 0 9 4 F + FAP RSBPL T 
CRAM, 1 - D AND 2 - 0 MULT I -GP D I F F U S I C N PROGRAM AAEC 3 6 0 F+BAL RS P T 
CRAM, l - D ANO 2 - 0 M U L T I - G P D I F F U S I C N PROGRAM UK-R 7 0 9 0 F+FAP RSBPL T 
CRECT,CHECKER, E N O F / B - I I PROCESSING ROUTINES ANL 3 6 0 F4 RS P T 
C R E C T , C H E C K E R , R I G E L , P L C T F B , L I S T F C , C I C T I O N . E T C . BNL 6 5 0 0 F4 RS T 
C R E C T . D A M M E T , P L O T F B . S L A V 3 , ENDF/B PROC NCSC 5 6 0 0 F4 RS T » CHECKER. 
C R I T E R I A CCSTS GGA 7 0 4 4 F4 RS P T » STMGEN, STEAM GENERATOR DESIGN 
C R I T I C A L EXPERIMENT ANALYSIS SYSTEM BNL-DP 360 F + BAL RS PLX T t HAMMER. 
C R I T I C A L EXPERIMENT ANALYSIS SYSTEM BNL-OP 7 0 9 0 F + FAP RS PLX T $ HAMMER. 
C R I T I C A L I T Y COOE ORNL 3 6 0 F+BAL RSBPL CT t KENO. MONTE CARLO MULTIGROUP 
CROCK, SPACE POWER PLANT DESIGN O P T I M I Z A T I O N A l 7 0 9 0 F2 RS $ 
C R 0 C 9 0 . ML-1 F L U I D FLOW EXPERIMENT ANALYSIS AGC 7 0 9 0 F 2 RS P t 
CROSS SECTIONS LASL 6 6 0 0 F4 RS P $ LARCA, F L U X - W E I G H T I N G OF DTF4 
CROSS-SPECTRAL D E N S I T I E S BNWL 1108 F 5 RS P X T » N O I S Y l , 4 U T C - AND 
CROSS-SPECTRAL D E N S I T I E S BNWL 7 0 9 0 F4 RS P T » N O I S Y l , AUTO- ANO 
CROSSPLOT, SC4020 PLOTS FROM X - S E G T I C N TAPES GGA 7 0 4 4 F + SPS RSBP T t 
CRYSTAL UM 7 0 9 0 MAD RSB $ BURPS, GAMMA-RAY PHOTOFRACTION WELL 
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r»v<:T» i UM 7 0 9 0 MAD RSB » B U R P 4 . GAMMA-RAY PHOTDFRAC TI GN SOLID 1 6 9 
r Y J u i N E M A T ; R r A L r ' L A S r 6 6 0 0 F4 RS P T « TOR. THERMAL SCATTERING 3 5 0 

r P Y S T A L L I N E SCATTEPING KERNEL CALC GGA 7 0 9 0 F2 RS T » SUMMIT , 56 
r s P l , SN X - S E C T I O N L I B R A R Y TAPE PREPARATION PW 1 6 0 4 F 5 3 RS t 1 9 4 
r l l l l SN X - S E C T I O N L I B R A R Y TAPE PREPARATION PW 1 6 0 4 F6 3 RS » 193 
CT , KENO, MONTE CARLO MULTIGROUP C R I T I C A L I T Y CCDE ORNL ^ f E , „ L R S 8 P L 4 5 0 
CT $ C X I . O U A S I S T A T I C S P A T I A L REACTCR K I N E T I C S COCE ANL 3 6 0 F4 RS PL 4 7 4 
r i l R F I T , CURVF F I T T I N G EXPERIMENTAL DATA POINTS KAPL 6 5 0 0 F + ASC RS P \ * « * ' 
CURI DOSF,TKJNOEPHEAD. EXTERNAL + INTERNAL OOSE A l 7 0 9 4 F + FAP RS PL J » 1 , 6 
ruRVF F I T T NG LASL 7 0 9 4 F4 RS T J LASL LEAST SQUARES. GENERAL 62 
C ^ V F E TT NG BAPL 5 6 0 0 E4 RS P T » M0651 . M0557 . M 0 5 2 5 , PCLYNOM AL R 4 1 1 
r^RVF F TT NG EXPERIMENTAL DATA P O I N T S KAPL 6 5 0 0 F + ASC RS P T « C U R F I T , R 4 3 

URVE PLOT KAPL 66CO F + ASC RS P T » SNEC. NONLINEAR ALGEBRAIC EQN SOLN R 3 6 4 
CURVES LRL 7 0 9 4 F 2 RS P » E X P A L S . LEAST SQUARES EXPONENTIAL DECAY 3 2 1 
CYCLE ANALYSIS A l 7 0 9 4 F2 RS PL T » C Y C L O P S l . THERMODYNAMIC 2 4 4 
CYCLF ANALYS s P A R T I A L REFUEL GGA 7 0 4 4 E4 RS P T » GARGOYLE. FUEL 2 6 0 
CYC F ANALYSIS W / R E F U E L I N G GGA 7 0 . 4 F 4 %S P T « R V . D-G D . U 2 2 3 
r v r i F C A I C U L A T I O N GGA 1108 F4 S T » GAFFE, E Q U I L I B R I U M f U t L sue 
CYCLE c S s T A N A L Y S I S A l 7 0 9 0 F2 RS P » A I M F I R E , URANIUM FUEL 55 
CYCLE C?ST AND ECONOMICS COMM 1 5 0 F4 RS P T » C I N C A S , NUCLEAR FUEL 3 5 4 
CYC CCST Z F C O N C M I C S WNES 5 5 0 0 E4 RS P T » C I N C A S , NUCLEAR U L 35 
CYCLE COST C A L C U L A T I O N GGA 1 108 F4 R S P ^ t PWCCST , RE ACTCR FUEL 4 4 1 

CYCLE CCSTS PERFORMANCE DATA KE 7 0 9 0 E2 RSBP ^ ' ^ " ^ " S ' ^ ^ L Zzt 
CYCLE COSTS PERFORMANCE STUOY GGA 7.544 E4 RS P */t/nJ^: ^ ^ 1 ^ U , 
CYC F PARAMETERS FAST BREEDERS APO 5 3 5 E4 RS P « RA Fo FUEL 3 7 2 

- r - i^ir.::^^' 'irr vir.:\y.T... r-̂ oS-i.R r̂D.FFS. N s:.* 39 
c'n CEU CCD°E; I - D 1-GP S4 APPROXIMATION CCC 1504 F ,3 P . 53 

CYL FUEL ELEMENT ^ ^ BAPL 65C0 F4 RS . V E L W I N G ' M A R AL BUCKLING 3 5 2 

CYL FUEL ELEMENTS AEB ^ f / ^ , , „ " . ! „ . U L T I G R O U P O I F F U S I O N S L A B . SPH, 4 3 0 
CYL GGA 1 1 0 8 F + B A L RS P T » „ ^ * " 2 ' I 0 MUL T I O K U U K u i ^ ^ ^ 
CYL L A T T I C E WAPD 7 0 9 4 F+MAP RS PLX ^ » ' - A S R . S P E C TRUM CALC ^W. ^ ^ ^ ^ ^ ^ ^ ^ ^_.^ 
CYL PW 1 5 0 4 F63 RS T » ? CXYL . 3 ^ ^ ^ ' ; " - ' ' ^ p^"""^ R 5 p T t BUSHL, R 4 8 1 
CYL SHELL RUCKLING CPLLAPSE AN L Y 1S BA 5 5 0 & F4 RS P ^ ^ ^ ^ ^ , ^ ^ ^ ^ ^ ^ ^ ^ ^ 

CYL SPHERE BNW 1 1 1 7 F4 RS P , . ' " , " , r M U L T I - G P C I F F U S I O N SLAB 120 
CYL SPHERE A l 7 0 9 0 F + FAP RS L T $ F M, - C ^ULT GP ^ ^ U S ^ ^ ^ ^ ^ ^ „ 

CYL SPHERE A , 7 0 9 0 F + EAP RS P » 4 n^6 • I D M U L T I _ G ^ Q . P P . S . O N SLAB 29 

CYL SPHERE CCC 5 0 4 E53 RS PL T S M 6 . ^ ^ , ^ 1 - 0 ? C I F F U S I O N SLAB 120 

CYL SPHERE CDC I f - O ' * / * ^ ^ ^ ^ S f l - W * ^CER 1 -0 M U L T I - G P D I F F U S I C N SLAB 118 
CYL SPHEPE A l 7 0 9 0 F+EAP RS L T j uLCER • _ ^ „ y L T l - G P D I F F U S I O N SLAB 2 6 2 
CYL SPHFPE ANL 3 6 0 0 F36 «S P X, T $ MACH . 1_C MULT _G ^ ̂ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
CYL SPHERE PURD 6 5 r o F 4 RS PLX T S M A C H l . I ^ „ ^ ^ T I - G P SN APPROX SLAB 2 1 1 
CYL SPHERE PW 16C4 L A G l RS P S MGDSN. D ^ ^ L _G ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
CYL SPHERE UK-W 7 0 9 - E2 RS P / ^ . ^ r ^ ^ ^ ' . ° . ^ L T -GP O I F F U S I O N SLAB 120 
CYL SPHERE BHSC ' 5 0 F 4 R S P ^ » / * " ^ f ' „ i c E 2 , GAMMA-RAY ATTENUATION 4 6 
CYL SPHERE GECM A l 7 0 9 0 F2 R^ ^ rRACE2 . GAMMA-RAY ATTENUATION 4 6 
CYL SPHERE GEOM CDC 1 6 0 4 F63 RS P , * , , , T P " N S I E N T TEMPERATURE CALC 1 5 2 
CYLINCER ANL 3 6 3 0 F 6 3 RSRP / ^^^^"^ .^ ' ^ ^ o * ^e ' : , !GP SN APPRO XI MATI ON 148 
CYLINDER PPCO 7 0 4 0 F4 RS P T i T U P L , i APPROXIMATION 148 

CYLINDER PPCO 7 0 9 0 F 2 PS P / » J ^ ^ ^ ^ ' ^ . Q ^ E W-GROUP D I F F U S I O N SLAB 4 0 
CYLINDER CDC 1 5 0 4 F63 RS P T i 20GRAN0 2_D C I F F U S I O N SLAB 4 0 

CYLINDER CRNL 7C90 F2 RS P T J ^ ' ' f ^ " " ^ ' J p ° , s I j A , 2 - C 2 - G P C I F F U S I O N 8 7 
CYLINCER SLAR CCC 1 6 0 4 F 6 3 RS P T » " L I P O SE3 O I F F U S I O N 87 
CYLINCER SLAR OPNL 7 0 9 0 F2 RS P T $ " U P 0 I S E 3 _ ^ A G E - O I F F U S I O N SLAB 9 
CYLINDFR SPHERE AEP 3 6 0 F4 RS L \ * / ' p PE^^.GP D I F F U S I C N SLAB 28 
CYLINCER SPHERE A l 7 0 9 0 F 2 RS P 1 » '•>^' FEW-GP D I F F U S I O N SLAB 2 8 
CYLINDER SPHERE RC 6 2 5 F4 RS I » _ ; ^ ' f^^-OP D I F F U S I O N SLAB 28 
CYLINDER SPHERE CDC 1 5 0 4 "=63 ^ J S P T » ^^ jO^ PENETRATION C A L C U L A T I O N 1 2 3 
04C 7 0 9 0 F7 RSRP » ' " i ' ^ " * ^ ' l c n i X E S LASL 6 5 0 0 E4 R S P » 4 5 5 
O A C l , SN PERTURBATICN COOE USING CTF4 FLUXES L A i L 
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DAFTl, LEAST SQUARES FIT FISSILE NUCLIDE DATA BAPL 6600 F4 RS P T $ 
DAMAGE IN METALS GEC 535 F + FAP RSBP T $ CASCADE .CLUSTER. RADIATION 
DAMMET,PLCTFB.SLAV3 . ENDF/B PROC NCSC 6500 F4 RS T $ CHEC KER .CREC T, 
DANCOFF JR. MODERATOR SPACE CHORD OIST FUNCT AEG 7090 F2 RS ( 
DATA 
OATA 
OATA 
DATA 
DATA 
OATA 

7044 F+MAP RS P 
7090 F2 

GGA 
KE 

NED 535 F4 
BAPL 6600 F4 
BAPL 6500 F4 
ORNL 360 F4 

DATA Al 7094 F+MAP RS P 
DATA ANALYSIS CNEA 360 F4 
DATA ANALYSIS GEES 1108 F5 
DATA CONVERSION ANL 

RS P 
RS P 
RS P 

$ FASOOP. X - S E C T I O N S FROM B-W RESONANCE 
RSBP $ NPRFCCP. FUEL CYCLE COSTS PERFORMANCE 

RS P T S E X P N . ANALYSIS OF PULSED NEUTRCN SOURCE 
T % D A F T l . LEAST SQUARES F I T F I S S I L E NUCLIDE 
T t EPOCH. NEUTRCN AGE CALCULATION OF ENOF/B 
T $ R I C E , PRIMARY RECOIL ATCM SPECTRA ENCF/B 

S CHAD, LEGENDRE COEF CALC FOR ANGULAR O I S T 
RS P i T R I F I D O , PULSEC NEUTRON SOURCE 
RS P T $ C A G E , B I R D , S P E C , T I M E - O F - F L I G H T 

3 5 0 F4 RS P T $ ETOE. ENDF/B TO M C * * 2 
DATA CONVERSION APOA 3 6 0 0 ASAF4 RS P T t E T O E , E N D F / 8 TO M C * * 2 
OATA F I L E SERVICE ROUTINES ENDF TAPES BNL 7C90 F + FAP RS P T $ OFSR, 
DATA HEAT TRANSFFR STUDY SLL 6 5 0 0 F4 RS P t HEATMESH, GEOMETRICAL 
DATA LASL 6 5 0 0 F4 R S P T $ G L E N . GROUP CONSTANT CALC FROM TCR CUTPUT 
OATA L I B R A R I E S , MUET4 OR 5 + GAMl • GAM2 WNES 6 6 0 0 SCO R L T » ETOGl 
OATA LIBRARY LRL 7 0 9 4 F+FAP RS PL T $ E C S I L , EXPERIMENTAL NEUTRON 
DATA POINTS KAPL 6 5 0 0 F+ASC RS P T » C U R F I T . CURVE F I T T I N G EXPERIMENTAL 
OATA PREPARATION FOR 2 - 0 DESIGN PROGRAMS LASL 7 0 9 0 F+FAP RS P T « OPC. 
DATA PROC OP 3 5 0 F 4 RS P T $ FLANGE2. ENDF/B THERMAL SCATTERING 
OATA PROC GGA 1108 F4 RS T $ FLANGE2. ENDF/B THERMAL SCATTERING 
OATA PRCC GGA 1 1 0 8 F4 RS T t F L A N G 2 / S C , ENDF/B THERMAL SCATTERING 
OATA REDUCTION ANL 3 6 0 0 F 6 3 RSBP » C O I N C . COINCIDENCE COUNTING 
OATA STORAGE, R E T R I E V A L , ANO CISPLAY OP 3 5 0 F+BAL S T t JOSHUA, 
OATA SYSTEM KAPL 6 5 0 0 F + COM RSB T S DATATRAN, MODULAR PROGRAMMING AND 
DATA TAPES GGA 1 1 0 9 B I N R L T » Z P R - I I I ASSEMBLY 4 8 GAFGAR ENOF/8 
DATA U I L L 3 6 0 F4 RS P $ C O C I L L I , LEAST SQUARES ANALYSIS RESONANCE 
DATATRAN U T I L I T Y MODULES, 2 - D + 3 -D PLCTTING KAPL 6 6 0 0 F+ASC RS P T $ 
DATATRAN 2 - C GECMETRY I N P U T . PREPARATION. E D I T KAPL 550C F+ASC RS P T * 
DATATRAN, MODULAR PROGRAMMING AND CATA SYSTEM KAPL 6 6 C 0 F+COM RSB T $ 
D B F l , RESONANCE INTEGRAL HEX CELL BAPL 5 5 0 0 F + ASC RS P X T $ R E S 0 2 , R E S e O , 
D B U F I T I , LEAST SQUARES TRANSMUTATION ANALYSIS BNWL 1 1 0 8 F5 RS P T $ 
DDB, 2-D FEW-GP D I F F U S I O N BURNUP RZ GECMETRY GGA 7 0 9 0 E+FAP RSBP T $ 
DECAY BNW 1108 F5 RSBPL T » I S O G E N . RADIONUCLIDE GENERATICN AND 
DECAY CHAIN ANALYSIS CRNL 1 5 0 4 F 5 3 RS P $ ISOCRUNCH. REACTION 
DECAY CHAIN ANALYSIS ORNL 7 0 9 0 F2 RS P » ISOCRUNCH. REACTION 
CECAY CHAINS GEC 6 3 5 F4 RSBP % C H A I N S . A N A L Y S I S OF RADIOACTIVE 
DECAY CURVES LRL 7 0 9 4 F2 RS P $ EXPALS, LEAST SQUARES EXPONENTIAL 
DECAY ORNL 1 5 0 4 F 5 3 RS P » I S O T O P E S , MAXIMUM Y I E L D FRCM REACTICN CR 
DEFLECTICN CALCULATION PARALLEL BEAMS ANL 3 6 0 0 F 3 5 SBP S BCW2, 
DEFLECTION STRESS STUCY BAPL 5 5 0 0 E+CCM RS P T $ GAPL3, I N E L A S T I C LARGE 
DEFORMATION 
DENSTTIES 
D E N S I T I E S 
DENS ITY CALC 
DEPLETION 
DEPLETION 
OEPLETICN 
DEPLETION 
DEPLETION 
DFPLFT ICN 
OEPLFTION 
DEPLETION 
DEPLETION 
OFPLFTION 
DEPLETION 
OEPLF TION 
DEPLETION 
DFPLFTICN 
OEPLFTION 
DEPLETION 

BAPL 6 5 0 0 F4 
ENWL 1108 F5 
BNWL 7 0 9 0 F4 
Al 
Al 
Al 
CDC 

7094 F+FAP RS PL 
350 F4 
7090 F2 
1504 F63 

KAPL 6600 F4 
LASL 7030 F4 

RSBP X 
RS L 
RS L 
RS P 
RS P 

360 F+BAL RSBP X ANC 
ANL 3 5 0 0 F4 
B+W 5 6 0 0 F+ASC RS 
BAPL 6 5 0 0 F+ASC RS 
RNW 
IBM 
JNC 

1108 F4 
350 F+BAL RS 

RS 
RS 

LX 1 1 0 8 F5 
LASL 6 6 0 0 F4 
MIT 3 6 0 F+BAL RSBP 
WAPD 3 5 0 F4 RS PLX 

GGA 7 0 4 4 F4 

R S P T t CYGR03 . OXIDE FUEL ROD STRESS £ 
RS P X T t N O I S Y l . AUTO- AND CRO S S-SPEC TRAL 
RS P T $ N O I S Y l . AUTO- ANC CROSS-SPECTRAL 

T $ TYCHE3, MONTE CARLO SLCWING-DCWN 
T t S I Z Z L E , l - D MULTIGROUP D I F F U S I O N 
T $ S I Z Z L E , 1 - C MULTIGROUP C I F F U S I O N 
T $ S I Z Z L E . 1-D MULTIGROUP D I F F U S I C N 
T i 3 C X T . 0 E P 3 . 3 -D XENON TRANSIENT + 
T $ D T F - B U R N . 1 - 0 M U L T I - G P DTF4 WITH 

1 P 0 0 7 , 1 . 2 OR 3-D FEW-GP D I F F U S I C N 
$ 2 0 8 , 2 - D MULTIGROUP D I F F U S I O N AND 
t P 0 0 7 , 1 , 2 OR 3 - D FEW-GP D I F F U S I C N 
» P.007. 1 . 2 OR 3 -D FEW-GP O I F F U S I O N 
$ 2DB. 2-C MULTIGRCUP DIFFUSICN AND 
« P 0 Q 5 , 2 - D FEW-GROUP D I F F U S I C N AND 
» LEOPARD. SPECTRA CALCULATION WITH 
t 2 D B , 2 - D MULTIGRCUP D I F F U S I O N AND 
J PDQS, 2 - 0 FEW-GROUP D I F F U S I O N ANO 
i LECPARD, SPECTRA CALCULATION WITH 

RSBP 
P 
P 
P 
P 

RS 

RS P T $ RELOAD-FEVER. 1 -C FEW-GP D I F F U S I C N 

R 3 2 7 
4 1 9 
384 
150 
215 
146 
258 

R327 
R 4 6 1 

453 
215 
4 8 9 
475 
350 
350 
2 3 6 
434 
361 
447 
351 

R 43 
234 
368 
368 
368 
248 
4 9 0 

R 3 e 6 
356 
347 

R407 
R4C6 
R 3 8 5 
R285 

456 
9 9 

357 
180 
180 
418 
321 
179 
365 

R397 
R449 

4 8 8 
4 8 8 
149 

58 
58 
58 

R 4 7 7 
259 

R275 
325 

R275 
R275 

325 
R335 

279 
325 

R335 
279 
221 



987 

DEPLETION CPDE ORNL 7 0 9 0 F + FAP R S P T » ASSAULT. 2 - 0 M U L T I - G P D I F F U S I C N 2 4 0 
OEPLETICN F I S S I C N PRODUCT BAPL 550O F4 RS P S C INDER. MO 1 0 2 . POINT 313 
OFPLETION F I S S I O N PRODUCT OP 3 6 0 E + BAL RS P T » GI NDER (MO 1 0 2 I . POINT 313 
OFPLFTION GESV 5 3 5 F + GMP RS P T J S Y N , 2D SYNTHESIS MULTIGP D I F F + IGP 4 9 5 
OFPLETION GG4 U C R F4 RS P T $ F E V E R 7 , 1 -D MULTIGROUP O I F F U S I O N AND 318 
OFPLETION GGA 1 1 0 8 F4 RS P T J GAUGE, 2 - D FEW-GP HEX GECM D I F F U S I C N 3 3 9 
OEPLETICN MULTIGP ORNL 3 6 0 F4 RS P T t C I T A T I O N . 1 . 2 , 3 - D D I F F U S I O N 3 8 7 
OEPLFTION PROGRAM GGA 7 0 9 0 F2 RSB T t FEVER. 1-C FEW-GP C I F F U S I O N 117 
0EP3, 3 - D XENON TRANSIENT + D E P L E T I O N KAPL 65CC F4 RS P T » 3 D X T , R477 
DESIGN BNWL U O R F5 RS P T $ REPP, THERMAL HYDRAULIC WATER-REACTOR 4 8 3 
OFSIGN K SURVEY STUDY BG W 6 6 C 0 F + CCM RS P X T i FARED, 1 -C EAST REACTCR 4 2 7 
CESIGN C R I T E R I A COSTS GGA 7 0 4 4 F4 RS P T $ STMGEN, STEAM GENERATOR 2 2 7 
DESIGN MULTIGRCUP SLAB GEOMETRY ANL 3 5 0 0 F5 3 RSBPL T t MAC, SHIELD 143 
DESIGN MULTIGROUP SLAB GEOMETRY BNW 7 0 9 0 F2 RSBPL T t MAC, S H I E L D 143 
OFSIGN O P T I M I Z A T I O N A l 7 0 9 0 F2 RS I CROCK. SPACE POWER PLANT 112 
OFSIGN O P T I M I Z A T I O N A l 7 0 9 0 F2 RS $ SHCCK, SPACE POWER PLANT 114 
OESIGN POOGRAMS LASL 7 0 9 0 F + FAP RS P T $ DPC. DATA PREPARATION FCR 2 - 0 2 3 4 
DESIGN STUCY PW 1 6 0 4 F 6 3 RS P T » P I P , CENTRIFUGAL PUMP IMPELLER 167 
OFSIGN STUDY GGA 7 0 4 4 F 4 RS P % G A Z E L L E S , GAS-CCCLEC CORE THERMAL 2 3 2 
DESIGN SYSTEM A l 3 6 0 F4 RSBP T S THREOES, 1-D FEW-GP D I F F U S I C N 2 7 3 
OFSK CALCULATOR FORM SHEET DP PACKAGE KAPL 5 6 0 0 F+ASC RS P T t DOGGY. R 4 2 8 
OETFCTOR E F F I C I E N C Y DISK SOURCE UM 7 0 9 0 MAD RSB » BURP2. 165 
OFTECTCR E F F I C I E N C Y POINT SOURCE UM 7 0 9 0 MAD RSB » B U R P l . 164 
OCTFCTDR E F F I C I E N C Y POINT SOURCE UM 7 0 9 0 MAD RSB » BURP3. 166 
DFSR, DATA F I L E SERVICE R O U T I N E S ENDF TAPES BNL 7 0 9 0 F + FAP RS P T » 2 3 5 
D I C T I O N . E T C . BNL 5 6 0 3 F4 RS T » C R E C T , C H E C K E R , P I G E L , P L O T F B , L I S T F C . 4 7 5 
OIFF + IGP O E P L F T I O N GESV 5 3 5 F + GMP RS P T » SYN, 2D SYNTHESIS MULTIGP 4 9 5 
DIFFFRENTIAL EONS. SOLUTION KAPL 6 6 0 0 F+ASC RS P T t L I Z A R D , NONLINEAR R445 
OIFFUSION ANL 3 6 0 F4 RS P » TWIGGLE, 2 - D 2-GP SPACE-T IME R 3 3 8 
DIFFUSION UMCC 3 6 0 E 4 RS P T t V A R I - O U I R , T I M E - C E P 2 - C MULT I -GP 2 1 2 
DIFFUSION WANL 6 6 0 0 F4 RS P T t V A R I - Q U I R , T I M E - D E P 2 - D M U L T I - G P 2 1 2 
DIFFUSION • BURNUP X Y , RZ GGA 1 1 0 8 F + BAL RS P T $ BUG2. 2 - C MULTIGROUP 4 3 8 
DIFFUSION + L I P A l 3 6 0 F4 RSBPLX T % CAE SAR4. L I BL S T , l - D M U L T I - G P 2 7 0 
D IFFUSICN + SN THEORY GESV 6 3 5 F4 RS P T » COT20B, 20 MULTIGROUP 4 5 9 
DIFFUSION ABSORPTION REMOVAL X-SECS BAPL 5 5 0 0 F4 RS T » M 0 B 0 7 , 2 - 0 R 2 8 0 
DIFFUSION AND CEPLETION ANL 3 5 0 0 F4 RSBP T % 2DB , 2 - D MULTIGRCUP 3 2 5 
OIFFUSION AND D E P L E T I O N BNW 1 1 0 8 F4 RS P . T » 2 0 B , 2 - D MULTIGROUP 3 2 5 
DIFFU'^ION ANO D E P L E T I O N IBM 3 6 0 F + BAL RS P T $ PDOS. 2 - 0 FEW-GRCUP R 3 3 6 
OIFFUSION AND CEPLETION LASL 5 6 0 0 F4 RS P T t 2 0 8 . 2 - 0 MULTIGROUP 325 
DIFFUSION AND DEPLET ION MIT 3 6 0 F + BAL RSBP T t PDOS, 2 - 0 FEW-GROUP R 3 3 5 
DIFFUSION AND CEPLETION GGA 1 1 0 8 F4 RS P T t F E V E R 7 , 1 - D MULTIGRCUP 318 
D IFFUSICN BURNUP REFUELING HISTORY LASL 6 6 0 C F4 RS P T » P H E N I X , 20 4 5 4 
DIFFUSION RURNUP RZ GEOMETRY GGA 7 0 9 0 F + FAF BSBP T i OCB, 2 - C FEW-GP 9 9 
DIFFUSION CALC KAPL 6 6 0 0 F4 RS P » R A U M Z E I T , 1 - 0 T IME-DEPENDENT R352 
DIFFUSICN CALC H E X - Z MESH GGA 1 1 0 8 F4 RS P T S GATT, 3 -D FEW-GP 3 6 0 
DIFFUSION CYLINDER SLAB CDC 1 6 0 4 F 5 3 RS P T $ E Q U I P 0 I S E 3 A , 2 - C 2 -GP 8 7 
OIFFUSION CYLINDER SLAB ORNL 7O90 F2 RS P T » E Q U I P C I S E 3 A . 2 - 0 2 - G P 87 
D IFFUSION D E P L E T I O N A l 3 5 0 F4 RSBP X T % S I Z Z L E , 1 -0 MULTIGROUP 58 
DIFFUSION DEPLET ION A l 7 0 9 0 F2 RS L T t S I Z Z L E . 1 - 0 MULTIGROUP 58 
D IFFUSICN C F P L E T I C N CDC 1 5 0 4 F53 RS L T » S I Z Z L E . 1-D MULTIGROUP 58 
DIFFUSION D E P L E T I O N ANC 3 6 0 E+6AL RSBP X T $ P C 0 7 , 1 . 2 OR 3 - C FEW-GP R 2 7 5 
DIFFUSION DEPLETION B + W 6 6 0 0 F + ASC RS P T » P 0 0 7 , 1 . 2 OR 3 - C FEW-GP R275 
DIEFUSION D E P L E T I O N BAPL 6 6 0 0 F + ASC RS P T $ P 0 Q 7 , 1 . 2 OR 3 - 0 FEW-GP R 2 7 5 
DIFFUSION D E P L E T I O N GGA 7 0 4 4 F4 RS P T » RELOAD-FEVER. 1 - 0 FEW-GP 2 2 1 
DIFFUSION CEPLET ION CODE ORNL 7 0 9 0 F + FAP R S P T » ASSAULT. 2 - 0 M U L T I - G P 2 4 0 
D I F F U S I P N D E P L E T I O N GGA 1 1 0 8 F4 RS P T $ GAUGE, 2 - 0 FEW-GP " E " GEOM 3 3 9 
DIFFUSION D E P L E T I O N MULTIGP ORNL 3 6 0 F 4 RS P T t C I T A T I O N . 1 . 2 . 3 - 0 3 8 7 
D IFFUSION C E P L E T I C N PROGRAM GGA 7 0 9 0 F 2 RSB T t FEVER. 1-D FEW-GP 117 
D I F F U S I O N OESIGN SYSTEM A l 3 6 0 F4 RSBP T $ THREDES. 1 " ^ FEW-GP 2 7 3 
DIFFUSION FAST X - S E C T I O N GENERATION BNW 11C8 F4 " S P X T » I D X , 1 - D 3 7 4 
DIFFUSION FEEDBACK BAPL 6 6 0 0 F4 RS P T $ T W I G L , 2 - D 2 -GP SPACE-T ME R 3 3 8 
DIFFUSION FFFDBACK BNL 5 6 0 0 F 4 RS P T » NCAH, 1 - 0 CNE-GP S P A C E - T I M E 4 0 5 
DIFFUSION GGA 1 1 0 8 F4 RS P T $ G A K I N . 1 -0 ''^J'-TIGROUP T IME-DEPENDENT 3 1 0 
D I F F U S I O N POWER O I S T SEARCH GGA 7 0 4 4 F4 RS P T $ GASP2. 1 - 0 FEW-GP 2 2 0 



9H8 

DIFFUSION PROGRAM 
DIEFUSION PROGRAM 
DIFFUSICN PROGRAM 
DIFFUSICN PROGRAM 
DIFFUSION PROGRAM 
DIFFUSION PROGRAM 
DIEFUSION SLAB CYL 

AAEC 350 F+EAL RS P 
ORNL 7090 F+EAP RS P 
UK-R 7090 F+FAP RSBPL 
BC 625 F4 RS 
CE 6500 F4 RS P 
CRNL 350 F4 RS P 

ORNL 7 0 9 0 F2 RS 

T J CRAM, 1-D AND 2 - 0 M U L T I - G P 
T t EXTERMINATOR. 2 - C M U L T I - G P 
T i CRAM. 1-D AND 2 - D M U L T I - G P 

T S E X T E R M I N A T 0 R 2 , 2 - 0 M U L T I - G P 
T i E X T E R M I N A T 0 R 2 . 2 - C M U L T I - G P 
T $ E X T E R M I N A T 0 R 2 . 2 -D M U L T I - G P 
P T $ E Q U I P O I S E S , 2 - D 2-GRCUP 

BNW 
A l 
AT 
CDC 
CDC 

A l 
ANL 
PURD 6 5 0 0 F4 

350 F 4 

RS P 1107 F4 
7090 F+FAP BS L 
709C F+FAP RS PL 
1504 E53 
1604 F6 3 

RS PL 
PS PLX 

D I F F U S I O N SLAR CYL SPHERE 
D I F F U S I O N SLAR CYL SPHERE 
O I F F U S I O N SLAB CYL SPHERE 
D I F F U S I C N SLAB CYL SPHERE 
D I F F U S I C N SLAB CYL SPHERE 
O I F F U S I O N SLAB CYL SPHERE 
D I F F U S I O N SLAB CYL SPHERE 
D I F F U S I O N SLAB CYL SPHERE 
D I F F U S I O N SLAR CYL SPHERE BHSC 
D I F F U S I C N SLAB CYLINDER CCC 1 5 0 4 F53 
D I F F U S I O N SLAR CYLINDER ORNL 7 0 9 0 F2 RS P 
O I F F U S I O N SLAP CYLINDER SPHERE A l 7 0 9 0 F 2 
O I F F U S I O N SLAR CYLINDER SPHEBE BC 6 2 5 F4 RS 
O I F F U S I O N SI AR CYLINDER SPHERE CDC 1 6 0 4 F 5 3 RS 
D I F F U S I O N S L A B , S P H , CYL GGA 1 1 0 8 F+BAL RS P T 
O I F F U S I O N SYNTHESIS CALC NED 6 3 5 F4 RS PL 
D I F F U S I O N TEMP COEF CALC GGA 7 0 4 4 F 4 RS P 
D I F F U S I O N TRIANGULAR MESH GGA 1 1 0 8 F + BAL RS P 
O I F F U S I O N XY RZ GEOMETRY GGA 11C8 F+BAL RS P T 
O I F F U S I O N XY RZ GEOMETRY GGA 7 0 4 4 F+MAP RSBP T 
D I F F U S I P N XY RZ RTH WANL 7 0 9 4 F4 RS P X T 
D I F F U S I P N XYZ GEOMETRY CDC 1504 F 6 3 RS 
D I F F U S I O N XYZ GECMETRY ORNL 7 0 9 0 F2 RS 
D I F F U S I O N XYZ R - T H E T A - Z LASL 5 5 0 0 F4 
O IFFUSION 3-GEOM BAPL 660C F 4 RS P 
O I F F U S I O N ' - G E C M GGA 1108 F4 RS P 

1-D M U L T I - G P 
1-0 M U L T I - G P 
l - D M U L T I - G P 
1-D M U L T I - G P 
l - C M U L T l - G P 

T $ H F N , 
T » FA I M , 
T t A I M 6 , 
T S A I M 6 . 
T » F A I M . 

709C F+FAP RS L T $ U L C E R . 1-C M U L T I - G P 
3 5 0 0 F35 RS P X T t M A C H l . l - D M U L T I - G P 

RS PLX T $ M A C H l , 
RS P T 

RS P 

D I F F U S I O N + BURNUP TRI -MESH 
DISCRETE ORDINATE CALC 
DISCRETE ORDINATE CALC 
DISCRETE ORDINATE CALC 
OISCRETF CROINATE CALC 
DISCRETE ORDINATE CODE 
DISCRETE ORDINATE MULTIGROUP CONSTANTS ORNL 

l - C M U L T I - G P 
$ F A I M O S , 1 -D M U L T I - G P 

T $ 20GRAND, 2 -D FEW-GROUP 
T $ 2 0 G R A N D , 2 - 0 FEW-GROUP 
RS P T $ F O G , 1 -0 FEW-GP 
RS T $ FOG. 1-D FEW-GP 
RS P T $ F O G . 1 - 0 FEW-GP 

T $ G A Z E 2 . 1-D MULTIGROUP 
T 1 B I S Y N , 2 - D M U L T I - G P 

T $ TEMCO, 1 -D FEW-GP 
T J G A M T R I , 2 - D MULTIGP 
% GAMBLES, 2 - 0 M U L T I - G P 

T t G A M B L E 4 . 2 - 0 M U L T I - G P 
$ V A R I - 0 U I R 3 , 2 - 0 M U L T I - G P 

P T » WHIRLAWAY. 3 - D 2-GROUP 
P T t WHIRLAWAY, 3 -D 2-GROUP 
RS P T $ 3 C C T , 3D MULTIGROUP 
T $ W I G L 2 . 1-D 2 - G P SPACE-T IME 
T J W I G L 2 , 1 - 0 2-GP SPACE-T IME 

1 1 0 8 F+BAL BS P T $ B U G T R I . 2 - 0 MULTIGP 
RS PLX T i D T F 2 , l - D M U L T I - G P 

RSBPLX T $ A N I S N . 1-C M U L T I - G P 
RS PL T t D T F . 1 -C MULTIGROUP 
P T t S N A R G - I D , l - D M U L T l - G P 

RS $ 2 C F , 2 - D M U L T I - G P 
3 5 0 F4 

GGA 
A l 7C90 F2 

A l 3 5 0 F4 
UNC 1 5 0 4 F63 

ANL 3 6 0 0 F36 RS 
UNC-LASL 1504 F63 

DISCRETE ORDINATE PROGRAM 
DISCRETE ORDINATE PROGRAM 
DISCPETE ORDINATE PROGRAM 
DISCRETE ORDINATE PROGRAM 
OISCRETF ORDINATE PROGRAM 
DISCRETE ORDINATE PROGRAM LER 

ANL 
8C 
LASL 

T 
T 
T 
T 
T 

T % 
DISCRETE ORDINATES SLAB GEOME RY EAPL 5 6 0 0 F4 RS 
OISCRETE-ELEMENT A N A L Y S I S TH IN SHELLS MIT 3 6 0 F 4 
D ISK SOURCE UM 7 0 9 0 MAD RSB $ BURP2, 

350 F+BAL RS 
5 2 5 F+MAP BS 

5 6 0 0 F4 RS 
LASL 7 0 3 0 F4 RS 
LER 7 0 9 4 F 4 RS 

7 0 9 0 F+MAP RS P 

RS PLX T 
D T F 4 , 1-D 
C T F 4 , 1-D 

$ XSDRN, 
M U L T I - G P 
M U L T I - G P 

D T F 4 . l - D M U L T I - G P 
0 T F 4 . 1-D M U L T I - G P 
D T F 4 . 1 - 0 M U L T I - G P 

TDSN, 2 - D MULTIGROUP 
P T $ B E 2 1 , FEW-GP 

RS P T t S A B 0 R 4 . 
DETECTOR E F F I C I E N C Y 

T i JOSHUA. OATA STCRAGE, R E T R I E V A L . ANO 
RS t A P R F X l . 9 9 - G P 

R 8 T $ T I G I R 2 . MODULAR 
KAPL 5 6 0 0 F+ASC RS P T $ 
NEO 2 0 0 0 F 2 RS P » 
SPARTA. S P A T I A L L Y - A V E R A G E D 
GEC 6 3 5 F4 RSBP $ 

D I S P L A Y OP 3 5 0 F+BAL S 
D L C - 2 e L IBRARY GROUP COLLAPSING APRF 6 5 0 0 F 4 
DOCUMENT INFORMATICN SYSTEM KAPL 5 6 0 0 F 
DOGGY, DESK CALCULATOR FORM SHEET OP PACKAGE 
D O P I E , RESOLVED RESONANCE X - S E C T I O N CALC 
DOPPLER EFFECTS NED 2 0 0 0 F2 RS P $ 
DOS, NEUTRON FLUX-DOSIMETER A C T I V I T Y R E L A T I O N 
OOSE A l 7 0 9 4 F + FAP RS PL T $ CUR IE .DOSE.THUNDERHEAO. EXTERNAL + INTERNAL 
DOSE CALC AT 7 0 9 4 F + FAP RS P $ SHOE. S H I E L D WEIGHT OPT IM I ZAT lOf i 
DOSE CALC GGA 1 1 0 8 F4 RS T $ GAOOSE.OOSET. HTGR ACCIDENT A N A L Y S I S 
OOSE RATE CALCULAT ICN SNAP GEOMETRY A l 7 0 9 0 F2 RS P t R A T R A P . 
DOSE RATF CALCULATION SNAP GEOMETRY A l 7 0 9 0 F2 RS S MORTIMER. 
DOSE RATE FROM A CLOUD A l 7 0 9 0 F2 R S P $ CLOUO. GAMMA-RAY 
DOSE RATE FROM A CLOUD CDC 1 6 0 4 F53 RS P $ CLOUO. GAMMA-RAY 
OOSE RATE FROM A CLOUD OP 3 6 0 F4 RS P $ CLOUO. GAMMA-RAY 



DOSE RATE FROM SNAP SHIELD LEAKAGE Al 7 0 9 0 F2 RS $ EARSE14, 9 1 
DCSE.THUNOERHEAC, EXTERNAL + INTERNAL DOSE A l 7 0 9 4 F+FAP RS PL T t C U R I E , 1 9 6 
DOSET, HTGR ACCIDENT A N A L Y S I S DOSE CALC GGA 1 1 0 8 F4 RS T » GADOSE. 2 6 1 
DDT2Dfl, 2C MULTIGROUP D I F F U S I O N + SN THEORY GESV 6 3 5 F4 RS P T $ 4 5 9 
DOUBLE SN APPRCX BNW 7 0 9 0 FLOCO RSBP T $ G E - H A P 0 - S 1 3 . l - D M U L T I - G P 75 
DOUBLE SN APPPOX SLAB GEOM PPCC 7C9C F2 RS P t M I S T , 1 - 0 FEW-GP SN 59 
OP 3 5 0 F + BAL S T » JOSHUA. DATA STORAGE. R E T R I E V A L . ANO D ISPLAY 4 9 0 
DP 3 6 0 F + BAL PS P T t CINCER (M01C2 ) , POINT CEPLETION F I S S I O N PRODUCT 313 
DP 3 6 0 F 4 RS P 1 CLOUO. GAMMA-RAY COSE RATE FRCM 4 CLCUC 4 7 
OP 360 F4 RS P T $ FLANGE2, E N D F / 8 THERMAL SCATTERING DATA PROC 3 6 8 
DP PACKAGE KAPL 6 6 0 0 F + ASC RS P T » DOGGY. DESK CALCULATOR FORM SHEET R 4 2 8 
OPC, CATA PREPARATION FOR 2 - D OESIGN PROGRAMS LASL 7 0 9 0 F + FAP BS P T » 2 3 4 
DRAFTING TOCL TO PLOT PLANE STRUCTURES B»PL 6 6 C 0 F4 RS P T » 8 L 4 7 . R 3 7 3 
OSN OUTPUT PW 1 6 0 4 LAGl RS P » D T X , E F F E C T I V E X - S E C T I O N CALC FROM 2 1 0 
DSN TCC PW 1 6 0 4 F 6 3 RS P » SNC, CALCULATION OF SN CONSTANTS FCR 1 8 9 
DT ( Q X l , O U A S I S T A T I C S P A T I A L REACTOR K I N E T I C S COOE ANL 3 6 0 0 36F RS PL 4 7 4 
DTF-BURN, 1-D M U L T I - G P 0 T F 4 WITH DEPLET ION LASL 7 0 3 0 F4 RS P T » 2 6 9 
DTF. 1 - 0 MULTIGRCUP DISCRETE ORDINATE CALC UNC 16C4 F 5 3 BS PL T * 1 4 4 
DTF2, 1-D M U L T I - G P D ISCRETE ORDINATE CALC A l 7 0 9 0 F2 RS PLX T I 1 5 1 
DTF4 CROSS SECTIONS LASL 66CC F4 RS P » LARCA, FLUX-wE IGHT I NG CF 4 0 9 
DTF4 FLUXES LASL 6 6 0 0 F4 RS P S D A C l , SN PERTURBATION CODE USING 4 5 5 
0TE4 WITH D E P L E T I O N LASL 7 0 3 0 F4 RS P T t OTF-BURN. 1 - 0 M U L T I - G P 2 6 9 
0TF4, 1 -D M U L T I - G P DISCRETE ORDINATE PROGRAM ANL 3 6 0 F + BAL RS P T » 2 0 9 
DTF4, 1 -D M U L T I - G P D I S C R E T E CRCINATE PROGRAM BC 6 2 5 F+MAP RS P T t 2C9 
DTF4, 1-D M U L T I - G P D I S C R E T E ORDINATE PROGRAM LASL 5 5 0 0 F4 RS P T I 2 0 9 
DTF4, 1 - D M U L T I - G P C ISCRETE ORDINATE PROGRAM LASL 7 0 3 0 F 4 RS P T » 2 0 9 
DTF4. l - D M U L T I - G P D ISCRETE CRCINATE PROGRAM LER 7 0 9 4 F4 RS P T » 2C9 
OTX, EFFECTIVE X - S E C T I O N CALC FROM DSN OUTPUT PW 16C4 LAGl RS P » 2 1 0 
DYNAM, DYNAMIC ANALYSIS B O I L I N G FLCW STEAM GGA 1 1 0 8 F4 RS P T » 4 4 0 
DYNAMIC A N A L Y S I S R O I L I N G FLOW STEAM GGA 1 1 0 8 F4 RS P T « DYNAM, 4 4 0 
DYNAMIC ANALYSIS L INEAR E L A S T I C SYSTEMS RAPL 66CC F4 RS P T » M 0 5 5 2 . R 2 8 3 
DYNAMICS Al 360 F + BAL RS P T » A I R 0 S 2 A , S I M U L A T I O N OF REACTOR 3 2 6 
DYNAMICS RAPL 6 6 0 0 F 4 RS P T » M 0 2 6 6 , LINEAR ELASTIC STRUCTURAL R 3 8 3 
OYNCI , PHOTOMULT IPL lER ELECTRON D I S T R I B U T I O N ANL 360 F4 RS P $ R464 
DYNOl , P H C T C M U L T I P L I E R ELECTRON D I S T R I B U T I O N KAPL 65O0 F4 RS P » R 4 6 4 
FCCSA4, LOSS-OF-COOLANT t FMERGENCY CCCLING RCL 5 4 0 0 F4 RS P T » 3 3 0 
FCCNOMICS COMM 3 6 0 F4 RS P T J C I N C A S , NUCLEAR FUEL CYCLE COST AND 3 5 4 
ECONOMICS WNES 5 6 0 0 F4 RS P T $ C I N C A S , NUCLEAR FUEL CYCLE COST AND 354 
ECSIL, FXPFRIMENTAL NEUTRON DATS LIBRARY LRL 7 0 9 4 F+FAP RS PL T % 3 5 1 
EDIT KAPL 6 5 0 0 F+ASC RS P T » CATATRAN 2 - 0 GEOMETRY I N P U T , PREPARATION. R4C6 
FOIT REACTION RATES UK-W 7C90 F2 RS t WEC. W-DSN OUTPUT TAPE 133 
EFFECTIVE X - S E C T I O N CALC FROM DSN OUTPUT PW 1 6 0 4 LAGl RS P « DTK, 2 1 0 
EFFIC IENCY D I S K SOURCE UM 7 u 9 0 MAD RSB « BURP2, DETECTOR 155 
EFFICIENCY POINT SOURCE UM 7C90 MAD RSB » B U R P l , CETECTCR 164 
FFFICIENCY PCINT SOURCE UM 7O90 MAD RSB » BURP3 , DETECTOR 166 
EIGENVALUE PROBLEM FOR V I B R A T I N G SYSTEMS KAPL 5 6 0 0 F+ASC RS P T $ GEM. R 3 4 4 
ELASTIC SCAT RESONANCES A l 3 6 0 F4 RS PLX T t A I L M O E , X - S E C T I C N CALC 147 
ELASTIC SCAT RESONANCES A l 7 0 9 4 F + FAP RS PL T » A I L M O E , X - S E C T I O N CALC 147 
ELASTIC SCAT X - ' : F C T I 0 N S HEX L A T T I C E GGA 1 1 0 8 F4 RS » HEXSCAT. 2 9 1 
ELASTIC SCATTERING P H A S E - S H I F T A N A L Y S I S ORNL 1 6 0 4 F 6 3 RS P » PEGGY, 3 3 4 
ELASTIC STRESS PE P I P I N G SYSTEM PAPL 6 6 3 0 F4 RS P T » M 0 4 5 7 , P I P E , R 3 2 9 
ELASTIC STRUCTURAL DYNAMICS BAPL 6 6 0 0 F4 RS P T t M 0 2 6 5 , L INEAR R383 
ELASTIC SYSTEMS BAPL 6 6 0 0 E4 RS P T $ M 0 5 5 2 . DYNAMIC ANALYSIS LINEAR R 2 8 3 
ELBOW, FUEL ELEMENT STRESS ANALYSIS STUCY GGA 7 0 4 4 F4 RS P T I 2 2 9 
E L F C T R I C I T Y COSTS ORNL 1 6 0 4 F53 RS P « POWERCO. NUCLEAR STATION 3 4 0 
ELECTRON D I S T R I B U T I O N ANL 35C F4 RS P » D Y N O l , PHCTCMULTIPL IER R464 
ELECTBCN D I S T R I B U T I O N KAPL 6 5 0 0 F4 RS P » D Y N O l . PHO TQMULTIPL I ER R464 
EMERGENCY COOLING BCL 5 4 0 0 E4 RS P T » ECCSA4. LCSS-OF-COOLANT £ 3 3 0 
ENCF MULTIGROUP X - S E C T I O N CALCULATION ANL 360 F4 RS P T » M C * * 2 . 3 5 5 
ENOF MULTIGROUP X - S E C T I C N CALCULATICN ANL 3 6 0 0 F36 RS P T » ' * ^ * * 2 > 3 5 5 
FNOF TAPES RNL 7 0 9 0 F + F A P RS P T $ DFSR, DATA F I L E SERVICE ROUTINES 2 3 6 
FNDF/P DATA esPL 6 5 0 0 F4 RS P T J E p o C H , NEUTRON AGE CALCULATICN CF R461 
ENOF/B DATA ORNL 3 5 0 F4 RS P T $ R I C E . PRIMARY RECOIL ATOM SPECTRA 4 5 3 
ENOF/e DATA TAPES GGA 1 1 0 8 B I N R L T $ Z P R - I I I ASSEMBLY 4 8 GAFGAR 3 5 6 
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ENDF/B F I N E - G P CONSTANTS GENERATION ORNL 3 6 0 F4 RS P T $ SUPERTOG, 
ENDF/B FOR IDX HEDL 1 1 0 8 F4 RS P X T » E T 0 X 2 , MULTIGP CONSTANTS FROM 
FNOF/R FORMAT TO MUFT FORMAT X - S E C T I C N S WNES 6 6 0 0 F4 BS P T « E T O M l , 

ENDE/8 GRAPHIC X-SEC EVALUATION A l 
ENDF/B PROC NCSC 6 5 0 0 F4 RS T 
ENDF/R RESONANCE XSECS BNL 560O F4 
ENDE/B THERMAL SCATTERING DATA PROC 
ENDF/B THERMAL SCATTERING DATA PROC 
ENDF/B THERMAL SCATTERING DATA PROC GGA 
F N D F / e TO MC**2 DATA CONVERSION 
ENDF/B TO M C * * 2 DATA CONVERSION 

3 5 0 F + BAL RS L T I SC0RE3 , SCISRS 
$ CHECKER, CRECT, OAMMET, PLOTFB, SLAV3 , 

RS P T $ A V R A G E 3 , 4 , S I G M A 2 , A D L E R , 
DP 360 F 4 RS P T t FLA N G E2 , 
GGA 1 1 0 8 F4 RS T 

110 8 F4 RS T » 
ANL 3 6 0 F 4 R S P 
APDA 3 5 0 0 ASAF4 RS P 

BS PL FNOF/B TO MUFT, GAM, ANISN X-SEC FORMAT WNES 560C F4 
E N D F / B - I I PROCESSING ROUTINES ANL 3 6 0 F4 RS P 
ENERGY INTERVAL X - S E C T I O N AVERAGING GGA 7 0 4 4 F4 
ENVIRNMNTL L I B S C O P F 3 . 2 CCC 6 5 0 0 F+COM RS 
FNVIRNMNTL L I B SCOPE3.3 CCC 5 6 0 0 F + COM RS 
ENVIRONMENTAL ROUTINES. SUBROUTINE L I R . B+W 
ENVIRONMENTAL ROUTINES. SUBROUTINE L I B . BAPL 
EPITHERMAL X-SECTIONS NEO 5 3 5 F4 RS P 
EPITHERMOS, SPECTRUM AND X - S E C T I O N CALCULATICN GEV 7 0 9 4 F + FAP RS P 
FPOCH, NEUTRCN AGE CALCULATICN OF ENCE/B CATA BAPL 55CC F4 RS P 

$ FLANGE2, 
F L A N G 2 / S C , 

T $ E T O E . 
T $ ETOE. 

T t E T O G l . 
T $ CRECT.CHECKER. 

RS P $ GAVER. 
T » MODEL, M O D I F I E D B E T T I S 
T $ MODEL, MODIFIED BETTIS 

5600 F+ASC RS T $ BETTIS 
6600 F + ASC RS T » BE TTI S 
T $ REAX. RESOLVED RESONANCE 

T S 
T i 

EQN SOLN CURVE PLOT KAPL 5 5 0 0 F+ASC RS P T $ SNEQ. NONLINEAR ALGEBRAIC 
E Q U I L I B R I U M FUEL CYCLE CALCULATION GGA 1 1 0 8 F4 S T » GAFFE. 
E Q U I P 0 I S E 3 , 2 - C 2-GBOUP D I F F U S I O N SLAB CYL ORNL 7 0 9 0 F2 RS P T $ 
F Q U I P 0 I S E 3 A , 2 -D 2-GP O I F F U S I O N CYLINDER SLAB CDC 1 6 0 4 F63 BS P T » 
E 0 U I P C I S E 3 A , 2 - 0 2 - G P D IFF US ION CYLINDER SLAB ORNL 7 0 9 0 F 2 R S P T $ 
ESTIMATES ORNL 3 6 0 F4 RS P T I CONCEPT, PCWER PLANT CONCEPTUAL COST 
E T C . RNL 5 5 0 0 F4 RS T $ CREC T .CHECKER , R I GE L, PLOTFB, L I S T F C . 0 ICT I C N , 
ETOE, ENOF/P TC MC**2 DATA CCNVERSION ANL 3 6 0 F4 RS P 
ETOE, ENDF/B TO M C * * 2 DATA CCNVERSICN APDA 36G0 ASAF4 RS P 
ETOGl DATA L I B R A R I E S , MUFT4 OR 5 + GAMl + GAM2 WNES 6 6 0 0 BCD R L 
F T O G l . ENDF/R TC MUFT. GAM, ANISN X-SEC FORMAT WNES 5 6 0 0 F4 RS PL 
E T O M l , ENDF/R FORMAT TO MUFT FORMAT X - S E C T I C N S WNES 6 6 0 0 F4 RS P 
F T 0 X 2 , MULTIGP CONSTANTS FROM ENDE/B FOR lOX HEDL 1 1 0 8 F4 RS P ) 
EXCHANGER STRESS ANALYSIS KAPL 6 6 0 0 F4 
EXCURSION ANALYSIS INC 7 0 4 4 F+MAP RS P 

RS P $ TUBE, U-TUBE HEAT 
T t R E L A P 2 . REACTOR BLCWCCWN -

EXCURSION CALCULATION R-
EXCUPSION CALCULATIONS 
EXCURSION CALCULATIONS 
EXCURSION CALCULATICNS 

GEOMETRY 
NED 

ANL 
NED 

APD 
2000 F4 
36C 
635 

F4 
F4 

APDA 7 0 9 4 F4 RS P 
T $ FORE, 

$ MARS, 2 - D 
FAST REACTOR RS P 

RS P X T $ F 0 R E 2 . FAST REACTCR 
RS P X T $ F 0 R E 2 , FAST PEACTOR 

EXPALS, LEAST SQUARES EXPONENTIAL DECAY CURVES LRL 7 0 9 4 F2 RS P 
EXPERIMENT UCND 
EXPERIMENT ANALYSIS 
EXPERIMENT ANALYSIS 
EXPERIMENT ANALYSIS BAPL 5 5 0 0 F4 
EXPERIMENT ANALYSIS SYSTEM BNL-DP 
EXPERIMENT ANALYSIS SYSTEM 

3 6 0 E+BAL RS P t P M S l , FAST NEUTRON POLARIZAT ION 
BAPL 5 5 0 0 F4 BS P T $ J I T E R . FLUCTUATION 

AGC 7 0 9 0 F 2 RS P $ CROC90 . ML-1 F L U I D FLOW 
RS P T $ RECUX, REACTOR FLUCTUATION 
350 F+BAL RS PLX T $ HAMMER, C R I T I C A L 

BNL-DP 7 0 9 0 F+FAP RS PLX T $ HAMMER, C R I T I C A L 
EXPERIMENTAL DATA POINTS KAPL 6 6 0 0 F + ASC RS P T $ C U R F I T , CURVE F I T T I N G 
FXPEPIMFNTAL NEUTRON DATA LIBRARY LRL 7 0 9 4 F+FAP RS PL T t E C S I L , 
EXPLCSION, COUPLED NEUTRON-HYOPOCYNAM ICS APDA 7 0 9 4 F 2 BS P i WEAK 
F X P N , ANALYSIS CF PULSED NEUTRCN SCURCE DATA NED 6 3 5 F4 RS P T $ 
EXPONENTIAL DECAY CURVES LRL 7 0 9 4 F2 RS P $ EXPALS, LEAST SQUARES 
EXPONENTIALS MIT 7 0 9 0 F2 RS P $ F R A N T I C , LEAST SQUARES F I T SUM OF 
E X T , X -SFCTIONS FROM B-W RESONANCE PARAMETERS 
EXTERMINATOR, 2 - 0 MULT I -GP D I F F U S I O N PROGRAM 
EXTERMINATCR2, 2 - 0 MULT I -GP D I F F U S I C N PROGRAM 
E X T E R M I N A T 0 R 2 , 2 -D M U L T I - G P D I F F U S I C N PRCGRAM 
EXTERMINATCR2, 2 - D M U L T I - G P D I F F U S I O N PROGRAM 
FXTFRNAL+INTERNAL DPSE Al 7 0 9 4 F+FAP RS PL 
F+ASC RS i S I M P L E l , T I M E - S H A R I N G PROGRAMMING LANGUAGE KAPL 6 6 0 0 
F+ASC RS T t BETT IS ENVIRONMENTAL ROUTINES, SUBROUTINE L I B . 8+W 5 6 0 0 
E + ASC RS T $ R E T T I S E ^VI RCNMENTAL R O U T I N E S , SUBROUTINE L I B . BAPL 6 6 0 0 
F + ASC RS P T $ A S P I S , GAMMA RAY SOURCE BUILDUP FACTOR CALC BAPL 6 6 0 0 

T <k C U R F I T , CURVE F I T T I N G EXPERIMENTAL DATA P O I N T S KAPL 6 6 0 0 

WANL 
ORNL 
BC 
CE 
ORNL 

7094 
7090 
625 

5600 
360 

F2 
F+FAP 
F4 
F4 
F4 

RS P 
RS P 
RS 
RS P 
RS P 

T t 
T $ 
T $ 
T $ 

T $ CURIE ,DOSE.THUNDERHEAO. 

F + ASC RS P 
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F.ASC BS P T 1 DATATRAN U T I L I T Y MODULES. 2 - C • 3 - 0 P L O T T I N G KAPL 6 5 0 0 R4C7 
F+ASC R S P T $ DATATRAN 2 - D GEOMETRY I N P U T , P R E P A R A T I O N , EDIT KAPL 5 6 3 0 R 4 0 6 
F + ASC RS P T $ DOGGY. DESK CALCULATOR FORM SHEET DP PACKAGE KAPL 5 5 0 0 R428 
c + SSr RS P T t GEM, EIGENVALUE PRORLEM FCR V I R R A T I N G SYSTEMS KAPL 5 6 0 0 R 3 4 4 
F.ASr RS P T » L I O N , 3 -D TEMPFRATURE D I S T R I B U T I O N PROGRAM KAPL 5 6 0 0 R299 
F + ASC RS P T » L I Z A R C , NONLINEAR D I F F E R E N T I A L E Q N S . SOLUTION KAPL 5 6 0 0 R445 
F + ASE R S P T $ P D 0 7 , 1 , 7 DR 3 - D FEW-GP D I F F U S I C N DEPLETION 8+W 6 6 0 0 R 2 7 5 
F + SSC RS P T J P D 0 7 , 1 , 2 OR 3 - 0 FEW-GP D I F F U S I O N DEPLET ION BAPL 6 6 0 0 R275 
F + ASC RS P T » SNEQ, NONLINEAR ALGERRAIC EON SOLN CURVE PLOT KAPL 6 6 0 0 R364 
F+ASC RS P T t SPAN4 , A P O I N T - K E R N E L SHIELC EVALUATICN CCCE 8APL 6 6 0 0 R 4 5 2 
F + ASC RS P X T $ R E S 0 2 , R E S 0 0 . C B E 1 , RESONANCE INTEGRAL HEX CELL 8APL 6 6 0 0 R285 
F + BAL S T » JOSHUA, CATA STCRAGE, R E T R I E V A L , AND DISPLAY CP 360 49C 
F+BAL RS T t F I G S , IBM36O + 2 2 5 0 FCRTRAN GRAPHICS SUBROUTINES 41 3 6 0 4 8 4 
F + BAL RS L T t SCPRE3, SCISRS ENDE/B GRAPHIC X-SEC EVALUATION A l 3 6 0 375 
F+BAL RS P t I S O S E A R C H , ISOTOPE PROOUCTION F L U X , X-SEC CALC QRNL 350 3 2 2 
F+BAL RS P J P M S l , FAST NEUTRON P C L A R I Z A T I Q N EXPERIMENT UCND 3 5 0 4 6 9 
F + BAL RS P T $ A I R 0 S 2 A , S I M U L A T I C N PF REACTOR DYNAMICS A l 360 325 
F+BAL R S P T i B L O 0 S T 5 . CCMBINED K I N E T I C S 2 - 0 HEAT TRANSFER GGA 1108 30 3 
F+BAL HS P T $ R U G T R I , 2 - 0 MULTIGP D I F F U S I O N + BURNUP T R I - M E S H GGA 1 1 0 8 4 3 9 
F+BAL RS P T t RUG2, 2 - 0 MULTIGRCUP D I F F U S I O N • BURNUP XY, RZ GGA 1 1 0 8 4 3 8 
F+flAL RS P T t C I N D E R ( M 0 1 0 2 ) . POINT OEPLET ICN F I S S I C N PRODUCT CP 3 6 0 3 1 3 
F + BAL RS P T t COMNUC,CASCADE, COMPOUND NUCLEUS REACTION Al 3 6 0 4 8 2 
F+BAL RS P T t C O N T E M P T - P S . FRESSURE-TEMPEPATURE RESPONSE ANC 360 4 3 3 
F+RAL BS P T 1 CHAM, 1-D AND 2 - 0 M U L T I - G P D I F F U S I C N PPCGRAM AAEC 3 5 0 103 
E + BAl RS P T t 0 T E 4 , 1 - C M U L T I - G P CISCRETE ORCINATE PROGRAM ANL 360 2C9 
F+BAL RS P T $ GAMBLES, 2 - D M U L T I - G P D I F F U S I C N XY RZ GECMETRY GGA 1108 2 2 2 
F+BAL RS P T ! G A M T R I , 2 - C MULTIGP D I F F U S I O N TRIANGULAR MESH GGA U C 8 4C1 
F + BAL RS P T $ G A Z E 2 , 1 - D MULTIGROUP D I E F U S I O N SLAB, SPH, CYL GGA U O S 4 3 0 
F+BAL RS P T $ G S S L R N I B , LEAST SQUARES PHOTOPEAK SPECTRA COCE BNWL 1 1 0 8 4 5 7 
F + BAL RS P T t PDOS. 2 - D FEW-GROUP O I F F U S I O N ANO DEPLETION 18M 3 6 0 R 3 3 6 
F + BAL RS P T $ R A F F L E , 1ST F L I G H T C C L L I S I C N P R O B A B I L I T I E S MC ORNL 350 3 9 2 
F + BAL RS P T $ S A F E - 3 D , 3 -D COMPCSITE STRUCTURE STRESS STUDY ORNL 3 5 0 3 3 2 
F + BAL RS P T $ TOAD, PROCESSING CF ANALYZER GAMMA-RAY SPECTRA GGA 1 1 0 8 333 
F+8AL RS P X T t HWOCR-SAFE, 2 - 0 MCNTE CARLO CELL CALCULATION A l 3 5 0 307 
F + BAL RS PLX T i HAMMER. C R I T I C A L EXPERIMENT ANALYSIS SYSTEM BNL-DP 3 5 0 2 7 7 
E + BAL RSRP T % PDOS, 2 - D FEW-GRCUP C I F F U S I O N AND DEPLETION M I T 3 6 0 R 3 3 5 
F+BAL RSRP X T $ P D Q 7 , 1 , 2 OR 3 -D FEW-GP D I F F U S I C N DEPLETION ANC 3 6 0 R275 
F + BAL RSBPL CT ( KENO, MONTE CARLO MULTIGROUP CRfcT ICALITY CCDE CRNL 3 5 0 4 5 0 
F+CPP BS P T t L A G , ASSEMBLER FOR FLCC02 INSTRUCTION SET PW 1 5 0 4 166 
F+COP RS P X T I E M C - N , F M C - G , MC NEUTRON, GAKMA-PAY H I S T O R I E S PW 1 6 0 4 195 
E+COM RS T t K A P L P L O T , KAPL CALCOMP PLOTTING ROUTINES KAPL 5 6 0 0 R 4 9 6 
F+COM RS T t MODEL, M C D I F I E D BETT IS ENVIRNMNTL L I B S C O P E 3 . 2 CCC 5 6 0 0 R 4 7 8 
F + COM RS T $ MODEL, M O D I F I E D B E T T I S ENVIRNMNTL L I B SCOPES.3 COC 5 5 0 0 R478 
F+CDM RS P T » G A P L 3 , I N E L A S T I C LABGE DEFLECTION STRESS STUOY BAPL 6 6 0 0 R 3 9 7 
E+COM RS P X T $ F A R E D . l - D FAST REACTOR OESIGN t SURVEY STUDY BtW 5 5 0 0 4 2 7 
F+COM RSB T % DATATRAN, MOCULAR PROGRAMMING AND DATA SYSTEM KAPL 5 6 0 0 R385 
F+FAP RS T » 4 R F S T R A I N T P I P E STRESS, MAXIMUM MOMENT CALC A l 7 0 9 0 1C9 
F + FAP RS L T » F A I M . 1-D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE 41 7 0 9 0 120 
F + FAP RS L T » MOMUS. X - S E C T I O N LIRRARY U T I L I T Y PROGRAM A l 7 0 9 4 159 
F + FAP RS L T » O U I C K I E . I N F I N I T E MEDIUM SPECTRUM X-SECT IONS A l 7 0 9 0 119 
F + FAP RS L T $ ULCER. 1 - 0 M U L T I - G P D I F F U S I O N SLAB CYL SPHERE A l 7 0 9 0 118 
F + FAP RS P t SHOE. S H I E L D WEIGHT O P T I M I Z A T I O N DOSE CALC A l 7 0 9 4 197 
F+FAP R S P t W I R E X , CDMPUTER-PRCCUCED WIRING L I S T S UHTREX LASL 7 0 9 0 315 
F + FAP RS P T » A 1 S I T E 2 , PARAMETRIC S ITE REQUIREMENT STUDY 41 7 0 9 4 172 
F+FAP RS P T » ASSAULT. 2 - C M U L T I - G P O I F F U S I O N DEPLETION COCE QRNL 7 0 9 0 2 4 0 
E+FAP RS P T $ D F S R . DATA F I L E SERVICE ROUTINES ENOF TAPES BNL 7 0 9 0 236 
F + FAP RS P T $ DPC. DATA PREPARATION FOR 2 - D DESIGN PROGRAMS LASL 7 0 9 0 2 3 4 
F + FAP RS P T » E P I T H E R M O S . SPECTRUM ANO X - S E C T I O N CALCULATION GEV 7 0 9 4 2 0 1 
F+FAP RS P T I EXTERMINATOR. 2 - D M U L T I - G P O I F F U S I O N PROGRAM CRNL 7 0 9 0 156 
F + FAP RS P T t H E A T I N G 2 , TRANSIENT STEACY-STATE HEAT TRANSFER A l 7 0 9 4 198 
F+FAP RS P T I RAFFl^E, I s T F L I G H T C O L L I S I O N P R O B A B I L I T I E S MC CRNL 7 0 9 0 3 9 2 
F+FAP RS P T $ S O P H I S T l / 2 / 5 . M U L T l - G P TRANSFER C O E F F I C I E N T S LRL 7 0 9 0 1 6 0 
F+FAP RS PL T I A I L M O E . X - S E C T I C N CALC ELASTIC SCAT RESONANCES Al 7 0 9 4 147 
F+FAP RS PL T » A I M 6 . l - D M U L T I - G P D I F F U S I O N SLAB CYL SPHEBE Al 7 0 9 0 29 
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F+FAP 

F + FAP 

E+FAP 

F+FAP 

F+FAP 
E+FAP 

F+FAP 
E + FAP 

F+FAP 
F + FAP 

F+FAP 
F+FAP 
F + EAP 

F+FAP 
F+GMP 
F+GMP 

F+MAP 
E + MAP 

F + MAP 

F+MAP 
F + MAP 
F+MAP 

F+MAP 
F + MAP 
F+MAP 
F + MAP 

E + MAP 
F+MAP 
F + MAP 

F+MAP 
F+MAP 

F + MAP 
F+MAP 
F + MAP 

E + MAP 
F+MAP 

F+SPS 
FACTOP 

RS 
RS 
BS 
RS 
RS 
RS 
RS 

PL 
PL 
PL 
PL 
PL 
PL 
PLX 

RSR 
RSB 
BSBP 

RSRP 
RSBPL 

RSRPL 
RSRPLX 

RS P 
PSBP 

RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
PLX 
PLX 

RSBP 
RSPP 

RSRP 
RSBP 

: CALC 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 

$ 
t 
i 
i 
t 
t 
$ 
s 
t 
i 
t 
i 
t 
i 

% 
t 

$ 
$ 
$ 
t 
I 
i 
i 
t 

$ 
$ 
$ 
1 

s 
$ 
$ 
% 
i 

$ 
S 
t 
s 
6/ 

CUR IE ,DOSE,THUNDERHEAO, EXTERNAL+INTERNAL COSE A l 7 0 9 4 
7 0 9 4 
7 0 9 0 
7 0 9 4 
7 0 9 0 
7 0 9 4 

F C S I L , EXPERIMENTAL NEUTRON DATA L IBRARY LRL 
GAMTEC2, M U L T I - G P CCNSTANT CALC 0 TO 10 MEV BNW 
GRAVE, GROUP-AVERAGING X - S E C T I O N S PARAMETERS A l 
TEMPEST2, THERMAL NEUTRON SPECTRUM X-SECT IONS A l 
TYCHE3 , MONTE CARLO SLCWING-CCWN DENSITY CALC A l 
HAMMFR, C R I T I C A L EXPERIMENT ANALYSIS SYSTEM BNL-OP 7 0 9 0 
T U Z , UNRESCLVED REGION RESONANCE INTEGRAL CALC GGA 7 0 9 0 
ZUT, RESOLVED REGION RESCNANCE INTEGRAL CALC GGA 7 0 9 0 
CASCADE, CLUSTER , RADIAT ION DAMAGE I N METALS GEC 635 
DDR, 2 - D FEW-GP D I F F U S I C N BURNUP RZ GECMETRY GGA 7 0 9 0 
CPS, SC4020 PLOTS FROM SCISRS X - S E C T I O N TAPES WANL 7 0 9 4 
CRAM, 1 -C ANC 2 - C M U L T I - G P C I F F U S I O N PROGRAM UK-R 7 0 9 0 
AGN-GAM. FAST SPECTRUM M U L T I - G P CONSTANT CALC AGC 7 0 9 0 
SYN, 20 SYNTHESIS MULTIGP D I F F + IGP DEPLET ION GESV 6 3 5 
T H T E , 3 - C TRANSIENT HEAT TRANSFER PROGRAM GEC 635 
CHAD, LEGENDRE COEF CALC FOB ANGULAR D I S T OATA A l 7 0 9 4 
COMBCO, COMBINED B-W M U L T I - L E V E L CONVOLUTION PPCO 7 0 4 0 
FASOOP, X - S E C T I C N S FBOM B-W RESCNANCE CATA GGA 7 0 4 4 
A I R O S , SPACE-INDEPENDENT K I N E T I C S W/FEECBACK A l 
RLCCST5, P C I N T - K I N E T ICS WITH 2 - D HEAT TRANSFER GGA 
CONTEMPT, LCSS-CE-CCCLANT ACCIDENT ANALYSIS 
D T F 4 , 1-C M U L T I - G P DISCRETE ORDINATE PROGRAM BC 
GABOL, RESONANCE OVERLAP ANC L A T T I C E EEFECTS GGA 
GAROL, RFSONANCE CVERLAP AND L A T T I C E EFFECTS LER 
OPUS, POWER PLANT PERFORMANCE AND PRICE STUDY GGA 
R E L A P 2 . REACTOR BLCWCCWN - EXCURSION ANALYSIS INC 
RSAC, RADIOLOGICAL SAFETY ANALYSIS PRCGRAM 
TDSN, 2 - 0 MULTIGRCUP CISCRETE ORCINATE PROGRAM LER 
TOODEE, 2 - D TIME-DEPENDENT HEAT CCNCUCTION 
T S N , SPATIALLY-DEPENDENT REACTOR K I N E T I C S 
LASER, SPECTRUM CALC WITH BURNUP CYL L A T T I C E 
T R I X l , RESONANCE INTEGRAL X - S E C T I C N CALC 
UNPACK, RETRIEVAL FROM SCISRS X - S E C T I O N TAPE 

7 0 9 4 
7 0 4 4 

PPCC 7 0 4 0 
6 2 5 

7 0 4 4 
7 0 9 4 
7 0 4 4 
7 0 4 4 

GGA 
GAMBLE4, 2 - 0 MULT I -GP D I F F U S I C N XY RZ GEOMETRY GGA 

KE 
GGA 

PPCO 7 0 4 0 
7 0 9 0 

PPCO 7 0 4 4 
A l 7 0 9 4 
WAPO 7 0 9 4 
A I 7 0 9 4 

7 0 4 4 
7 0 4 4 
7 0 9 4 
7044 

SATURATED BL0WD0WN2, BLOWDOWN ANALYSIS LCFT 
CROSSPLOT, S C 4 0 2 0 PLOTS FROM X - S E C T I O N TAPES 

BAPL 6 5 0 0 F+ASC RS P T » A S P I S . GAMMA RAY SOURCE BUILDUP 
FACTOR S H I E L D I N G CODE CAVITY GEOM GGA U C B F4 RS P T t MUSCAT. VIEW 
FACTORS ORNL 3 5 0 F4 RS P T $ ATHENA4, I N E L A S T I C SCATTERING FORM 
FAILURE MODE BAPL 550C F4 RS P i R E L O I , B E L I A B I L I T Y FOB A S INGLE 
F A I M , 1 -D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE A l 7 0 9 0 F + FAP BS L T $ 
E A I M . 1 - 0 MULT I -GP D I F F U S I O N SLAB CYL SPHERE CDC 1 6 0 4 E63 
FAIMOS. 1-C MULT I -GP O I F F U S I O N SLAB CYL SPHEBE BHSC 3 6 0 F4 
FAP SS P T $ RATH, 2 - OR 3 - D HEAT CONDUCTION LUMPED MASS 
FAP RSBP X T $ SPECTRA, MC CALCULATICN IRRACIATEC MATEPIAL 
FARED, 1 -D EAST REACTOR DESIGN C SURVEY STUDY B£W 
F A R S E I A , OOSE RATF FROM SNAP S H I E L C LEAKAGE A l 
FASDOP, X -SECT IONS FROM B-W RESONANCE DATA GGA 
FAST + INTERMECIATE POWER TRANSIENTS BAPL 5 6 0 0 F4 

RS PLX T t 
RS P T $ 

LASL 7 0 9 4 
GEC 7 0 9 0 

5 5 0 0 F+CCM RS P X T S 
7 0 9 0 F 2 » BS 
7 0 4 4 F+MAP BS P S 

FAST BREEDERS APO 5 3 5 F4 BS P 
FAST NEUTRON POLARIZATION EXPERIMENT 
FAST NEUTRCN SPECTRUM X - S E C T I O N CALC 
FAST NEUTRPN SPECTRUM X - S F C T I C N CALC 
FAST NEUTRON SPECTRUM 
FAST NEUTRCN SPECTRUM 
FAST NEUTRON SPECTRUM 
FAST REACTOR CORE ACCICENT ANALYSIS 
FAST REACTCR DESIGN £ SURVEY STUCY BEW 
FAST REACTPR EXCURSION CALCULATIONS 
FAST REACTCR EXCURSION CALCULATIONS 
FAST REACTOR EXCURSION CALCULATICNS 
FAST REACTOR FUEL BURNUP + MANAGEMENT 
FAST REACTCR FUEL ELEMENT BEHAVIOR 

RS P T ( C H I C - K I N , 

X - S E C T I O N CALC 
X - S E C T I C N CALC 
X - S E C T I O N CALC 

UCND 
A l 
ANL 
CDC 
CCC 
GGA 

GESV 

$ RAPFU, FUEL CYCLE PARAMETERS 
3 6 0 F+BAL RS P 

7090 F2 
3500 F63 
1504 F53 
1604 F63 
7090 F2 

635 F4 RS 
6600 E+COM RS 
NED 2000 F4 

350 F4 
635 F4 
635 F4 
360 F4 

ANL 
NEC 

GESV 
ANL 

RS PL 
RS LX 
RS PL 
RS PLX 
RS PLX 
P T 

P X T $ 
RS P 

RS P X 
RS P X 

RS P 

P M S l , 
FORM. 
G A M l , 
FORM, 
G A M l , 
GAMl , 

RS P 

$ FREADMl, 
FARED, 1-0 
T t FORE, 
T t F0RE2, 
T S F0RE2, 

T t FUMBLE, 
T $ LIFEl, 
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FAST RFACTCR PCWER AND FLCW TRANSIENTS ANL 3 6 0 F4 RS P T $ S A S I A . 4 0 0 
FAST REACTOR POWER ANO FLOW TRANSIENTS ANL 6 6 0 0 F4 RS P T » S A S I A . 4 0 0 
FAST REACTOR X - S E C CALC BNW 110 8 F4 R S P T » F C C 4 , FUNDAMENTAL MCDE 3 0 5 
FAST SPECTRUM M U L T I - G P CONSTANT CALC AGC 7 0 9 0 F+FAP RSBPLX T t AGN-GAM, 2C4 
FAST THERMAL SPECTRA GGA 1 1 0 8 F 4 RS PLX T t G G C 4 , M U L T I - G P X - S E C T I O N S 2 9 8 
FAST THERMAL SPECTRA GGA 5 6 0 0 F4 BS L T $ GGG4, M U L T I - G P X - S E C T I O N S 2 9 8 
FAST X - S E C T I O N GENERATION RNW 1 1 0 8 F4 RS P X T $ I C X , 1 - 0 O I F F U S I O N 374 
FATIGUE KAPL 6 6 0 3 F4 RS i SORSDB, PRESSURE VESSEL STRESS AND R391 
F C C i , FUNDAMENTAL MCDE FAST REACTCR X - S E C CALC BNW 1 1 0 8 F4 RS P T t 3C6 
FEEOPACK BAPL 5 6 0 0 F 4 RS P T $ N O W I G . 1 - 0 2 - G P K I N E T I C S TEMPERATUBE 8 3 7 1 
FEECBACK BAPL 5 6 0 0 F4 RS P T 1 T W I G L . 2 -D 2 -GP SPACE-TIME D I F F U S I O N R338 
FEEDBACK B M 5 6 0 0 F4 RS P T » NOAH. 1 -C ONE-GP S P A C E - T I M E D I F F U S I O N 4 0 5 
FEEOPACK GGA U C R F4 R S P T $ G A K I T , 1 - D MULTIGP K I N E T I C S WITH TEMP 370 
FFVFR, ) - 0 FEW-GP D I F F U S I O N CEPLETION PROGRAM GGA 7 0 9 0 F2 R S8 T ( 117 
FEVEB-', 1 - 0 MULTIGROUP D I F F U S I O N AND OEPLET ICN GGA 1 1 0 8 F4 RS P T J 318 
FFW-GP C I F F U S I O N BUPNUP RZ GEOMETRY GGA 7C90 E + F A P RSBP T t 0 0 8 , 2 - 0 9 9 
FEW-GP C I F F U S I C N CALC H E X - Z MESH GGA 1 1 0 6 F4 R S P T t G A T T . 3-D 3 8 0 
FEW-GP D IEFUSTCN D E P L E T I O N ANC 3 6 0 F + BAL RSBP X T $ PD07 . 1 . 2 CR 3 -D R 2 7 5 
FEW-GP C I F F U S I C N DEPLETION P + W 56CC F+ASC R S P T t P 0 0 7 . 1 , 2 CR 3 - D R275 
FFW-GP D I F F U S I O N D E P L E T I O N PAPL 6 6 0 0 F + ASC RS P T » PDQ7, 1 , 2 OR 3 - 0 R 2 7 5 
FEW-GP D I F F U S I O N DEPLET ION GGA 7 0 4 4 F 4 RS P T » PELCAC-FEVER, 1 - 0 2 2 1 
FFW-GP C I F F U S I C N DEPLETION PROGRAM GGA 7 0 9 0 F 2 RSP T t FEVER, 1 -0 117 
FEW-GO D I F F U S I O N D E S I G N SYSTEM Al 3 6 0 F4 RSBP T i THREDES, 1 - 0 2 7 3 
FEW-GP C I F F U S I O N POWFR D I S T SEARCH GGA 7C44 F4 RS P T » G 4 S P 2 , 1 -D 2 2 0 
FFW-GP D I F E U S I C N SLAR CYLINCER SPHEBE A l 7C90 F2 RS P T I FOG, 1-D 28 
FEW-GP D I E F U S I O N SLAR CYLINDER SPHERE BC 525 F4 RS T $ FOG, 1 - 0 28 
FEW-GP D I F F U S I O N SLAP CYLINCER SPHERE CDC 1 6 0 4 F 6 3 RS P T t F C G , 1-D 2 8 
FFW-GP D I F F U S I C N TEMP CCEF CALC GGA 7 0 4 4 F4 RS P T » TEMCO, 1-D 2 2 5 
FFW-GP DISCRETE ORDINATES SLAB GEOME BY BAPL 6 6 0 0 F4 RS P T » e E 2 l , R398 
FEW-GP HEX GEOM D I F F U S I O N CEPLETION GGA 1 1 0 8 F4 RS P T » GAUGE. 2 -D 3 3 9 
EEW-GP SN APPROXIMATION CYLINDER PPCC 7 3 4 0 F4 PS P T $ T O P I C . 1 - 0 146 
FEW-GP SN APPROXIMATION CYLINDER PPCO 709C F2 RS P T » T O P I C , 1 - D 146 
EEW-GP SN COUPLE SN APPROX SLAR GECM PPCO 7 0 9 0 F2 RS P » M I S T , l - D 59 
FFW-GP 54 APPROXIMATION BZ GECMETRY LBL 7 0 9 F2 RS » F I R N , 2 - 0 7 
FEW-GROUP C I F F U S I O N AND D F P L E T I O N IBM 3eC F + BAL RS P T » POOS, 2 - 0 R336 
FFW-GROUP D I F F U S I C N AND DEPLETION M I T 3 5 0 F + BAL BSBP T $ PDQS. 2 - 0 8 3 3 5 
FFW-GROUP D I F F U S I O N SLAB CYLINDER COC 1 6 0 4 F63 , RS P T » 20GR4NC, 2 - 0 4 0 
EFW-CROUP C I F F U S I O N SLAB CYLINDER ORNL 7 3 9 0 F 2 RS P T » 20GRAN0, 2 - 0 4 0 
EFW-GBOUP S P s r E - T I ^ ^ F K I N E T I C S RCL 5 4 0 0 F4 BS P T » ACER, IC ANO 20 4 9 4 
FIGRO, LSBR FUFL SWFLLING TEMPFRATURE STUDY BAPL 55CC F4 RS P T » R272 
F I G S , I P M 3 6 0 + 2 2 5 ) FORTRAN GRAPHICS SUBROUTINES A l 36C F+BAL RS T » 4 8 4 
FILE SERVICE BOUTTNFS ENDF TAPES PNL 7 0 9 0 F + FAP RS P T $ CFSP. DATA 2 3 6 
F INDING BOOTS OF A POLYNOMIAL KAPL 5 5 0 0 F 4 RS P t RCPE. B444 
F INE-GP CONSTANTS GENERATION OPNL 3 6 0 F4 RS P T » SUPERTOG. ENDF/B 4 3 1 
F I N E L . F I N I T F - F L E M E N T STUDY 2 , 3 - 0 STRUCTURES KAPL 5 6 0 0 F4 RS P X % R404 
E I N I T F - E L E M F N T STUDY 2 , 3 - C STRUCTURES KAPL 56C0 F4 RS P X $ F I N E L . R404 
EINS tNAP GFOM Al 7 0 9 0 E2 BS « S C A P F 2 . SCATTER FROM RACI4T0R U O 
F I P F 5 , 1-C A G E - C I F F U 5 I 0 N SLAR CYLINDER SPHERE AEB 3 6 0 F4 BS L T » 9 
F I R N , 2 - C FEW-GP S4 APPROXIMATION RZ GEOMETRY LPL 709 F2» RS 7 
F I S S I L F NUCLIOE DATA BAPL 5 5 0 0 E4 RS P T » O A F T l , LEAST SQUARES F I T R 3 2 7 
F I S S I L E N U C L I D F X - S E C T I O N EVALUATION ORNL 7C90 F4 BSBP t MUFFLE. 3 2 3 
F I S S I C N PRCDUOT BAPL 5 6 0 . ' F4 RS P « C INDER,MO 1 0 2 , POINT DEPLETION 313 
F I S S I O N PRODUCT A C T I V I T Y D I S T STUDY GGA 7 0 4 4 F4 RS P J BAC2, HTGR 2 3 1 
F I S S I C N PROCUCT CP 360 F + RAL RS P T » C INDER ( MQ102) . POINT DEPLETION 313 
F I S M E N PRODUCT RELEASE GGA 1 1 0 8 F4 RS P » FREVAP6, HTGR METALLIC 3C1 
FIT F I S S I L F N U C L I D E DATA BAPL 56CC E4 RS P T » O A F T l . LEAST SQUARES R327 
F I T SUM OF EXPONENTIALS MIT 7 0 9 0 F2 RS P « F R A N T I C . LEAST SQUARES 3 2 4 
F I T T I N G LASL 7 0 9 4 E4 RS T t LASL LEAST SQUARES. GENERAL CURVE 6 2 
F I T T I N G BAPL 6 5 0 r F4 RS P T $ M C 5 6 1 . M C t 5 7 , M 0 5 2 6 . POLYNOMIAL CURVE B411 
F I T T I N G ExPF ' l IMENTAL OATA POINTS KAPL 6 6 0 0 F.ASC BS P T » C U R F I T . CURVE R 4 3 
FLAC, STEADY-STATE FLOW. PRESSURE C I S T R I B U T I O N GGA 1 1 0 8 F5 RS P t 3 9 5 
F L A N G E l . SCSTTERING LAW X - S E C T I O N CALCULATION GGA I I C P FS BS P » 2 4 7 
E L 4 N G E 2 . E N P E / P THERMAL SCATTERING CATA PROC CP 360 F4 RS P T » 3 6 6 
F L - " - - - c M n c / B THFRMAL SCATTERING DATA PRCC GGA 11P8 F4 RS T » 3 6 8 
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F L A N G 2 / S C . ENDF/B THERMAL SCATTERING DATA PRCC GGA 1 1 0 8 F4 RS T J 368 
F L A R E , 3 - C R E A C T I V I T Y AND POWER D I S T R I B U T I O N COC 360C F 6 3 RSBP T $ 167 
F L A R E , 3 - 0 R E A C T I V I T Y ANO POWER O I S T R I B U T I C N NED 6 3 5 F4 RS P T » 167 
F L A S H 3 , LOSS-OF-COOLANT ACCIDENT A N A L Y S I S BAPL 560C F4 RS P T $ R295 
E L A S H 4 , F U L L Y - I M P L I C I T TRANSIENT S I M U L A T I O N BAPL 6 5 0 0 F4 RS P T » R448 
F L A T , RESONANCE ABSORPTION, CELL ANL 3 6 0 0 F36 RSEP X T * R A B B L E . W L I B . 2 8 1 
FL IGHT C C L L I S I C N P R O B A B I L I T I E S MC DRNL 3 6 0 F+BAL RS P T $ R A F F L E . 1ST 392 
F L I G H T C O L L I S I O N P R O R A B I L I T I E S MC CRNL 7 0 9 0 E + FAP RS P T t R A F F L E . 1ST 392 
FLOCO R S P t MCS, MONTE CARLO NEUTRON PENETRATICN STUOY LASL 7 0 9 0 202 
FLCCC RS P $ ZOT, GROUP-COLLAPSING OF M U L T I - G P X - S E C T I O N S LASL 7 0 9 0 113 
FLOCO RSBP $ 2 0 X Y , 2 - D M U L T I - G P SN APPROXIMATION XY GEOM AGO 7 0 9 0 18 
FLOCO RSRP T $ G E - H A P 0 - S 1 3 . 1 - 0 M U L T I - G P DCUBLE SN APPROX BNW 7 0 9 0 75 
FL0CC2 INSTRUCTION SET PW 1 5 0 4 F+CCP RS P T $ L A G , ASSEMBLER FOR 166 
F L O T l , M 0 2 1 9 , PWR FLCW TRANSIENT ANALYSIS BAPL 5 6 0 0 E4 RS P T $ R 3 3 1 
FLOW A l 7 0 9 4 F2 RS P $ FLOW-MODEL, MULT I -CHANNEL 2 - D 2 -PHASE 2 4 6 
FLOW AND HEAT TRANSFER A l 7 0 9 4 F2 RS P T $ T R A N S - F U G U E l . TRANSIENT 268 
FLOW EXPERIMENT A N A L Y S I S AGC 7C90 F2 RS P * CB0C90 . M L - 1 F L U I D 154 
FLOW I N LMFBR ROC BUNDLE GESV 6 3 5 F4 RS P T J V E L V E T 2 . TURBULENT 4 5 8 
FLOW STFAM GGA 1 1 0 8 F4 BS P T $ CYNAM. DYNAMIC A N A L Y S I S B O I L I N G 4 4 0 
FLOW STUOY STEAM-WATER MIX KAPL 66CC F4 RS P $ RAPP, H I G H - V E L O C I T Y R382 
FLCW TRANSIENT ANALYSIS BAPL 560C F 4 RS P T t F L O T l , M 0 2 1 9 , PWR R 3 3 1 
FLOW TRANSIENTS ANL 3 6 0 F4 RS P T » S A S I A , FAST BEACTOB POWER AND 400 
FLOW TRANSIENTS ANL 56D0 F4 RS P T $ S A S I A , FAST REACTCR PCWER AND 4 0 0 
FLOW-MODEL, MULTI -CHANNEL 2 - C 2 -PHASE FLOW A l 7 0 9 4 F2 RS P $ 245 
FLOW, PRESSURE D I S T R I B U T I O N GGA 11C8 F5 RS P $ F L A C , STEACY-STATE 395 
FLUCTUATION EXPERIMENT ANALYSIS BAPL 65CC F 4 RS P T t J I T E R , R394 
FLUCTUATION EXPERIMENT ANALYSIS BAPL 6 6 0 0 F4 RS P T $ RECUX, REACTOR R425 
F L U I D FLOW EXPERIMENT A N A L Y S I S AGC 7 0 9 0 F2 RS P S C B 0 C 9 0 , M L - l 154 
FLUX CIST IN M U L T I - P I N FUEL ELEMENT AGC 7 0 9 0 F 2 RS P $ BOUNCE, 2 3 7 
FLUX INPUT PW 1 6 0 4 F63 PS t TOP, 2 - D PERTURBATION TDC OR 2DXY 199 
FLUX SYNTHESIS PROGRAM CYL PW 1604 F 6 3 RS T $ 2 D X Y L . 3 - 0 M U L T I - G P 192 
FLUX-DOSIMETER A C T I V I T Y RELATION GEC 6 3 5 F4 RSBP $ DOS. NEUTRON 423 
FLUX-WEIGHTING OF DTF4 CROSS SECTICNS LASL 6 6 0 0 F4 RS P I LARCA. 409 
F L U X , X -SEC CALC ORNL 360 F+BAL RS P t ISOSEARCH, ISOTOPE PRODUCTION 322 
F L U X , X-SEC CALC CRNL 1 6 0 4 F63 BS P $ ISOSEARCH, ISOTOPE PRODUCTION 322 
FLUXES LASL 56CC F 4 RS P $ O A C l , SN PERTURBATICN CODE USING DTF4 455 
FMA 7 0 9 0 F2 RSBP X $ H E R E S Y l , L A T T I C E PARAMETERS HETEROGENEOUS CALC 136 
F M C - G , MC NEUTRON, GAMMA-RAY H I S T C P I E S PW 1 5 0 4 F+CDP RS P X T $ F M C - N , 195 
F M C - N , MONTE CARLO CALC NEUTRON H I S T O R I E S GGA 7 0 4 4 E4 RS P T » 195 
F M C - N , F M C - G . MC NEUTRON, GAMMA-RAY H I S T O R I E S PW 1504 F+COP RS P X T S 195 
FOG CODES A l 7 0 9 0 F2 RS t PERT, 1 -D PERTURBATION FOR A I M AND 30 
FCG CODES BHSC 3 6 0 F4 RS P $ P E R T , 1-D PERTURBATICN FOB A I M ANO 30 
FOG CCDFS CDC 1 5 0 4 F63 RS $ PERT, 1-C PERTURBATION FOR A I M AND 30 
FOG. 1-D FFW-GP O I F F U S I D N SLAB CYLINDER SPHERE A l 7 0 9 0 F2 RS P T » 28 
FOG. 1-D FEW-GP D I F F U S I O N SLAB CYLINDER SPHERE BC 6 2 5 F 4 RS T $ 28 
F O G , 1-D FEW-GP D I F F U S I O N SLAB CYLINDER SPHERE COC 1 5 0 4 F63 RS P T J 28 
FORE, FAST REACTOR EXCURSION CALCULATICNS NED 2 0 0 0 F4 RS P T J 174 
F 0 B E 2 , FAST REACTOR EXCURSICN CALCULATICNS ANL 36C F4 RS P X T » 174 
F 0 R F 2 , FAST REACTOR EXCURSION CALCULATICNS NED 5 3 5 F4 RS P X T I 174 
FORM FACTORS ORNL 360 F4 R S P T t A T H E N A 4 , I N E L A S T I C SCATTERING 4 1 7 
EOBM CR THREDES LIBRARY U T I L I T Y BOUTINE A l 360 E4 RSB L T $ C L I P . 2 7 1 
FORM SHEET DP PACKAGE KAPL 550C F+ASC RS P T $ DOGGY. DESK CALCULATCR R428 
FORM, FAST NEUTRON SPECTRUM X - S E C T I Q N CALC A l 7 0 9 0 F2 RS PL T $ 51 
FORM, FAST NFUTRON SPECTRUM X - S E C T I C N CALC CCC 1 5 0 4 F 6 3 RS PL T S 51 
FORMAT TO MUFT FORMAT X-SECTIONS WNES 5 6 0 0 F4 RS P T » E T O M l , ENOF/B 4 3 6 
FCRMAT WNES 5 6 0 0 E4 RS PL T $ E T O G l , ENDF/B TO MUFT, GAM, A N I S N X-SEC 4 3 7 
FORMAT X -SECTIONS WNES 5 6 0 0 E4 RS P T » E T O M l , E N D F / 6 FORMAT TO MUFT 435 
FORTRAN GRAPHICS SUBROUTINES A l 35C F+BAL RS T $ F I G S , I B M 3 6 0 + 2 2 5 0 4 8 4 
FORTRAN TCC. 2 - 0 M U L T I - G P SN APPROXIMATION RZ PW 1 6 0 4 F63 RS P T t 1 6 1 
F R A N T I C , LEAST SQUARES F I T SUM OF EXPONENTIALS MIT 7 0 9 0 F2 RS P $ 324 
F R E A C f l , FAST RFACTOR CORE ACCIDENT A N A L Y S I S GESV 6 3 5 F4 RS P T t 4 7 9 
E R F V 4 P 6 , HTGR METALLIC F I S S I C N PRCCUCT BELEASE GGA 1 1 0 8 F4 BS P t 3C1 
FUEL RURNUP + MANAGEMENT GESV 635 F4 RS P T $ FUMBLE. FAST REACTOR 4 8 0 
FUEL CYCLE ANALYSIS PARTIAL REFUEL GGA 7 0 4 4 F 4 RS P T $ GARGOYLE, 2 6 0 
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FUEL CYCLE ANALYSIS W / P E F U E L I N G GGA 7 J 4 4 F4 RS P T » R E V I S E D - G A D , 223 
FUEL CYCLF CALCULATION GGA 1 1 0 8 F4 S T $ GAFFE. E Q U I L I B R I U M 302 
FUFL CYCLE COST ANALYSIS Al 7 0 9 0 F2 RS P i A I M F I R E , URANIUM 55 
FUEL CYCLE COST AND ECONOMICS COMM 3 6 0 E4 RS P T t C I N C A S , NUCLEAR 354 
FUFL CYCLE COST AND ECONOMICS WNES 6 5 0 C F4 BS P T $ C I N C A S , NUCLEAB 3 5 4 
FUFL CYCLE COST CALCULATION GGA U 0 8 F4 BS P T $ PwCCST, BEACTOB 4 4 1 
FUEL CYCLE COSTS PEPFORMANCE OATA KE 7 0 9 0 F2 RSBP S NPRFCCP, 146 
FUEL CYCLE COSTS PERFORMANCE STUDY GGA 7C44 F4 R S P S WAMPUM, 2 2 4 
FUEL CYCLE PARAMETERS FAST BREEDERS APO 5 3 5 F4 RS P S R A P F L , 3 7 2 
FUEL ELEMENT BAPL 5 6 0 0 F4 RS T 1 CYGR02 , STRESS ANALYSIS CYL B266 
FUEL FLEMENT AGC 7 0 9 0 F2 RS P $ BOUNCE. FLLX D I S T I N M L L T I - P I N 2 3 7 
FUEL ELEMENT ANALYSIS BAPL 6 6 0 0 F4 RS P T S G L U B l , WATER-LOGGED R424 
FUEL ELEMENT REHAVIOR ANL 3 6 0 F4 RS P T t L I F E l , FAST REACTOR 4 6 0 
FUEL ELEMENT L I F E T I M E ANALYSIS ANL 3 5 0 0 E 35 RSBP t SWELL2. 353 
FUEL ELEMENT STRESS ANALYSIS STUCY GGA 7 0 4 4 F4 RS P T I ELBOW. 2 2 9 
FUEL ELEMENTS AFR 3 6 0 F4 BS P t WELWING. MATERIAL BUCKLING CYL 3 6 2 
FUFL BCD STRESS £ DEFORMATION BAPL 6 6 0 0 F4 RS P T t C Y G R 0 3 . OXIDE R 4 4 9 
ruFL SWELLING + GAS RELEASE S I M U L A T I C N RAPL 560C F4 RS P T $ B U B L l . R 4 6 8 
FIJFL SWELLING TEMPERATURE STUDY BAPL 56C0 F4 RS P T » F I G R O , LSBR B272 
FUEL TEMPERATURE CPCE GGA 7 0 4 4 F4 RS t CORE. CORE CONFIGURATION 233 
FUEL TUBE BUNDLES LASL 7 C 9 4 F2 RSPP t A X F L U . HEAT TRANSFER MCLTEN 162 
EUEL TUBE BUNDLES LASL 7 0 9 4 E2 RSBP » AXTHBM, HEAT TBANSFEB SOLID 183 
FUGUE, STEADY-STATE TEMPEPATUBE V C I C FRACTICN Al 7 0 9 0 F2« RS 46 
F U L L Y - I M P L I C I T TRANSIENT S I M U L A T I O N BAPL 5 5 0 0 F4 RS P T » F L 4 S H 4 , R448 
FUMBLE, FAST REACTOR FUEL RURNUP + MANAGEMENT GESV 635 F4 R S P T » 4 8 0 
FUNDAMENTAL MODE EAST REACTOR X-SEC CALC BNW 1 1 0 8 F4 RS P T » FCC4, 306 
F? RS » A I P E K 3 , SPACE- INDEPENDENT K I N E T I C S W/FEECBACK A l 7 0 9 0 121 
E? RS $ CROCK, SPACE POWER PLANT CESIGN O P T I M I Z A T I O N A l 7 0 9 0 112 
F2 RS t DANCOFF JP , MCDERATCR SPACE CHORD DIST FUNCT AEG 7 0 9 0 150 
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F4 RS P T t ETOE, ENDE/B TO MC**2 DATA CCNVERSION ANL 3 5 0 
F4 RS P T t E T O M l , ENOE/B FORMAT TO MUFT FORMAT X - S E C T I O N S WNES 6 6 0 0 
F4 RS P T $ EXPN, ANALYSIS CF PULSED NEUTRON SOURCE CATA NED 6 3 5 
F4 KS P T $ E X T F R M I N A T 0 R 2 , 2 - 0 M U L T I - G P D I F F U S I C N PRCGRAM CE 6 6 0 0 
E4 RS P T $ EXTERMINAT0R2 , 2 - C MULT I -GP C I F F U S I O N PROGRAM ORNL 350 
F4 R S P T $ F A I M O S , 1 - 0 MULT I -GP D I F F U S I C N SLAB CYL SPHERE BHSC 3 5 0 
F4 RS P T $ FCC4, FUNDAMENTAL MODE FAST REACTOR X-SEC CALC BNW 1 1 0 8 
F4 RS P T t F E V E R 7 . 1 - C MULTIGROUP D I F F U S I O N AND DEPLETION GGA 1 1 0 8 
F4 RS P T $ F I G R O , LSBR FLEL SWELLING TEMPERATURE STUDY EAPL 5 5 0 0 
F4 RS P T t FLANGE2, ENOF/R THERMAL SCATTERING DATA PRCC DP 3 5 0 
E4 RS P T t FLARE, 3 - C R E A C T I V I T Y AND POWER C I S T R I B U T I O N NED 6 3 5 
F4 RS P T $ FLASH3 , LOSS-OF-COOLANT ACCIDENT ANALYSIS BAPL 5 6 0 0 
FA RS P T $ FLASH4, FU LLY - 1 MPL IC I T TRANSIENT S IMULATION BAPL 5 5 0 0 
F4 RS P T t F L O T l , M 0 2 1 9 . PWR FLCW TRANSIENT ANALYSIS BAPL 6 6 0 0 
F4 RS P T $ F M C - N , MONTE CARLO CALC NEUTRON H I S T O R I E S GGA 7 0 4 4 
F 4 RS P T $ FORE, FAST REACTCR EXCURSION CALCULATIONS NED 2 0 0 0 
F4 RS P T $ F R E A D M l , EAST REACTOR CORE ACCIDENT ANALYSIS GESV 6 3 5 
FA RS P T S FUMBLE. FAST REACTOR FUEL BLRNUP + MANAGEMENT GESV 5 3 5 
F4 RS P T $ G A K I N , 1 - 0 MULTIGRCUP T IME-CEPENDENT D I F F U S I O N GGA 1108 
F4 RS P T $ G A K I T , 1 - 0 MULTIGP K I N E T I C S WITH TEMP FEEDBACK GGA 1 1 0 8 
E4 RS P T $ GARGOYLE, FUEL CYCLE ANALYSIS PARTIAL REFUEL GGA 7 0 4 4 
F4 R S P T t G A S P 2 . 1-D FEW-GP D I F F U S I C N POWER DIST SEARCH GGA 7 0 4 4 
F4 RS P T % GASP7. 1 - 0 BURNUP POWER D I S T R I B L T I O N SEARCH GGA 1 1 0 8 
F4 PS P T $ GATT, 3 - D FEW-GP D I F F U S I O N CALC HEX-Z MESH GGA 1 1 0 8 
F4 RS P T $ GAUGE, 2-D FEW-GP HEX GECM D I F F U S I O N DEPLETION GGA 1 1 0 8 
F4 RS P T I GLEN, GROUP CONSTANT CALC FROM TOR OUTPUT DATA LASL 6 6 0 0 
E4 RS P T $ G L U B l . WATER-LOGGEC FUEL ELEMENT ANALYSIS BAPL 65C0 
F4 RS P T $ HAA3, COAGULATION OF HETERCGENEOUS AERCSCLS SI 3 5 0 
E4 RS P T $ HFN, 1 - D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE RNW 1 1 0 7 
F4 R S P T t H 0 T 2 . 2 - D TRANSIENT HEAT CCNCUCTION PROGRAM BAPL 6 6 0 0 
F4 RS P T t J I T E R , FLUCTUATION EXPERIMENT ANALYSIS RAPL 6 5 0 0 
F4 RS P T t L I F E l , FAST REACTCR FUEL ELEMENT BEHAVIOR ANL 360 
E4 RS P T $ L I O N , 3 -D TEMPERATURE D I S T R I B U T I O N PROGRAM CHI 1 1 0 8 
F4 RS P T $ M A N E l . RECTANGULAR MAGNETIC NETWORK SOLUTICN RAPL 6 5 0 0 
F4 RS P T t MANTA, STEACY-STATE THERMAL-HY DRAUL IC ANALYSIS NED 5 3 5 
F4 RS P T $ MANTA, STEADY-STATE THERMAL-HYDRAULIC ANALYSIS WARC 6 6 0 0 
F4 RS P T $ M C * * 2 . ENOF MULTIGROUP X - S E C T I O N CALCULATION ANL 3 5 0 
E4 RS P T t MUSCAT, VIEW FACTOR S H I E L C I N G CODE CAVITY GEOM GGA 1 1 0 8 
F4 RS P T $ M 0 2 5 6 , L INEAR E L AS T IC STRUCTURAL DYNAMICS 8APL 6 5 0 0 
FA RS P T $ M 0 4 ' ; 7 , P I P E , ELASTIC STRESS OF P I P I N G SYSTEM BAPL 6 6 0 0 
F4 PS P T t M 0 5 5 2 , DYNAMIC ANALYSIS LINEAR ELASTIC SYSTEMS BAPL 6 6 0 0 
F4 RS P T t M O « i S 5 , 4 C T l , L OS S-OF-COOL AN T ACCIDENT ANALYSIS BAPL 6 5 0 0 
F4 RS P T t M0651 , M 0 6 5 7 . M C 6 2 5 , PCLYNOMIAL CURVE F I T T I N G BAPL 5 6 0 0 
F4 RS P T $ M 0 7 5 5 . L E T 0 . 1 -0 SLAB GAMMA-RAY TRANSPORT BAPL 5 5 0 0 
F4 RS P T t M 0 f l 9 9 , H O H , STEAM TABLES 1 4 . 5 - 2 5 3 8 PSIA BAPL 5 6 0 0 
E4 RS P T S NOAH, 1 - 0 ONE-GP SFACE-T IME C I F F U S I C N FEEDBACK BNL 6 5 0 0 
F4 RS P T $ N O I S Y l , AUTO- AND CROSS-SPE C TRAL D E N S I T I E S BNWL 7 0 9 0 



999 

Fi RS P T J N O W I G . 1-D 2 -GP K I N E T I C S TEMPERATURE FEEDBACK BAPL 6 5 0 0 R371 
fl. RS P T t N U P L O C - l . t i . LCSS-CF-COOLANT THERMAL ANALYSIS RCL 5 4 0 0 328 
F4 RS P T » P H E N I X , 20 D I F F U S I O N EURNLP REFUELING HISTORY LASL 5 6 0 0 4 5 4 
F4 RS P T t P U N l , UNRESOLVED RESONANCE INTEGRALS X-SECS RAPL 6 5 0 0 B359 
F4 PS P T $ PWCOST, REACTOB FUEL CYCLE COST CALCULATION GGA U C R 4 4 1 
F4 RS P T » REAX, RESOLVED RESONANCE EPITHERMAL X - S E C T I O N S NEC 5 3 5 257 
f4 RS P T » REDUX, REACTOR FLUCTUATION EXPERIMENT ANALYSIS RAPL 6 6 0 0 R425 
F4 RS P T t P E L C A D - E E V E R , 1 - D FEW-GP D I F F U S I C N DEPLETION GGA 7 0 4 4 2 2 1 
F4 OS P T $ R E V I S E D - G A D . FUEL CYCLE A N A L Y S I S W/REELELING GGA 7 0 4 4 2 2 3 
F4 RS P T t P I C E . PRIMARY RECOIL ATOM SPECTRA ENDF/B DATA ORNL 360 * 5 3 
F4 R S P T $ S A P 0 R 4 . D I S C R E T E - E L E M E N T ANALYSIS T H I N SHELLS MIT 360 R 4 0 2 
F4 RS P T t S A F E - A X I S Y M . STRESS ANALYSIS AXISYMMETRIC LOAD GGA 7 0 4 4 2 5 1 
E4 BS P T $ S A F F - P C R S , STBESS ANALYSIS AXISYMMETRIC LOAD GGA 7 0 * 4 2 5 0 
F4 RS P T t S A F E - P L A N E , PLANE STRESS A N A L Y S I S . 2 - C BODIES BNL 6 6 0 0 2 5 2 
F4 RS P T t S A F E - 3 D . 3 - 0 COMPOSITE STRUCTURE STRESS STUDY GGA 1 1 0 8 3 3 2 
E4 RS P T t S A S I A , FAST REACTOR POWER ANC FLOW TRANSIENTS ANL 3 6 0 4 0 0 
E4 RS P T » S A S I A , FAST REACTOR POWER AND FLOW TRANSIENTS ANL 6 5 0 0 4 0 0 
F4 RS P T » S E A L S H E L L 2 , SHELL STBESS ANALYSIS AXISYM LOAD RAPL 5 6 0 0 R282 
F4 R S P T * S 0 P 7 , STRESS ANALYSIS SHELLS OE REVOLUTION KAPL 6 5 0 0 R 80 
F4 BS P T « STMGEN, STEAM GENERATOR DESIGN C R I T E R I A COSTS GGA 7 0 4 4 227 
r4 RS P T » SUMOR, S-WAVE NEUTRCN X - S E C T I O N CALCULATION BAPL 56C0 R 3 9 9 
F4 OS P T » SUPERTOG, ENOF/R F I N E - G P CONSTANTS GENERATICN OBNL 350 4 3 1 
r4 RS P T $ T A C A S I , A N A L Y S I S OF RESONANCE MEASUREMENTS GGA U C B 4 1 0 
F4 RS P T 1 TFMCO. 1 - D FEW-GP C I F F U S I O N TEMP COEF CALC GGA 7 0 4 4 225 
F4 RS P T » T E M C 0 7 , TEMPERATURE C O E F F I C I E N T CALCULATION GGA 1 1 0 8 320 
E4 RS P T $ T O P I C , 1 - D FEW-GP SN APPROXIMATION CYLINDER PPCO 7 0 4 0 148 
r 4 RS P T t T O P S , TRANSIENT THERMODYNAMICS CF PRESSURIZERS BAPL 6 6 0 0 R 3 4 8 
F4 PS P T $ TOR, THFRMAL SCATTERING CBYSTALLINE MATERIALS LASL 6 6 0 0 360 
r4 RS P T t TR C U T, MUG MULTIGRCUP XSEC LIBRARY MAINTENANCE GESJ 6 3 5 493 
F4 RS P T t T S N , SPATIALLY-DEPENDENT REACTCR K I N E T I C S A l 360 309 
F4 RS P T t T W I G L , 2 - D 2-GP SPACE-T IME D I F F U S I O N FEEDBACK BAPL 6 6 0 0 R338 
F4 RS P T t TWOTRAN, 2 - C M U L T I - G P TRANSPORT CODE R-Z GEOM LASL 1 1 0 8 358 
F4 RS P T » TWOTRAN, 2 - D M U L T I - G P TRANSPCRT CCDF R-Z GECM LASL 1 1 0 8 358 
F4 RS P T t TWOTRAN, 7 - D M U L T I - G P TRANSPOBT COOE X -Y GEOM ANL 3 6 0 3 5 8 
F4 RS P T t TWPTRAN, 2 - C M U L T I - G P TRNSPT CCCE XY RZ RTHETA LASL 5 6 0 0 358 
F4 RS P T t V A R I - Q U I R , T I M E - D E P 2 - D M L L T I - G P D I F F U S I C N UMCC 3 5 0 2 1 2 
F4 RS P T t V A R I - Q U I R , T I M E - O E P 2 - 0 M U L T I - G P O I F F U S I O N WANL 5 5 C 0 2 1 2 
F4 R S P T t V E L V E T 2 . TURBULENT FLCW I N LMFBR BCC BUNCLE GESV 6 3 5 4 5 8 
F4 RS P T « WASP. WATER AND STEAM THERMODYNAMIC PROPERTIES RAPL 6 6 0 0 B396 
F4 RS P T » W I G L 2 . 1 - 0 2 - G P S F A C E - T I M E C I F F U S I O N 3-GEOM BAPL 6 6 0 0 R2T4 
F4 BS P T t W I G L 2 . 1 - 0 2-GP S P A C F - T I M E C I F F U S I C N 3-GEOM GGA 1 1 0 8 B274 
F4 RS P T t 7DR, 2 - D MULTIGBOUP D I F F U S I O N AND DEPLETION RNW 1 1 0 8 325 
F4 BS P T t 7 D R . 2 - 0 MULTIGRCUP D I F F U S I C N AND CEPLETION LASL 6 5 0 0 325 
F4 RS P T t 3 0 D T , 30 MULTIGROUP D I F F L S I C N XYZ B - T H E T A - Z L4SL 5 5 0 0 46 3 
F4 RS P T » 3 D X T , D E P 3 , 3 - D XENCN TBANSIENT + DEPLETION KAPL 65C0 B477 
F4 RS P X i B U B S T l , HYDRODYNAMIC ANALYSIS CUBING SLOWDOWN PPCO 350 4 3 5 
F4 RS P X » COHBE. COHERENT I N E L A S T I C SCATTERING LAW CALC GGA 1 1 0 8 385 
F4 RS P X % F I N E L . F I N I T E - E L E M E N T STUCY 2 , 3 - 0 STRUCTURES KAPL 5 6 0 0 B4C4 
F4 RS P X t L E G C Q E F 3 . LEGENDRE COEF CALC FCR ANGULAR OIST GGA 7 0 4 4 2 1 7 
F4 RS P X T J C E X E . I N C E X E . 1-GP 3 - 0 XYZ XENON O S C I L L A T I O N CE 3 6 0 4 1 5 
F4 RS P X T $ E T C X 2 . MULTIGP CONSTANTS FRCM E N C F / 8 FCR ICX HEDL 1 1 0 8 366 
F4 RS P X T $ F 0 R E 2 , FAST REACTCR ExCURSICN CALCULATICNS ANL 3 5 0 174 
F4 RS P X T $ F 0 R E 2 , FAST REACTOR EXCURSION CALCULATIONS NED 5 3 5 174 
F4 RS P X T S G A F . G A R , SPECTRA ANO GROUP-AVERAGED X-SEC CALC GGA 1 1 0 8 316 
F4 RS P X T $ GAMTEG2. M U L T I - G P CONSTANT CALC 0 TO 10 MEV BC 6 2 5 185 
E4 RS P X T t GAND. GAFGAR X - S E C T I O N L IBRARY PREPARATION GGA 1 1 0 8 345 
E4 RS P X T 1 M 0 P 5 . STOCHASTIC MODEL OF NEUTRCN SLCWING-DOWN NPGS 350 4 9 1 
F4 RS P X T J P A X 0 2 . HARMONY-POO X - S E C T I O N GENERATION COOE BAPL 56C0 R426 
E4 RS P X T » V A R I - 0 U I R 3 . 2 - D M U L T I - G P C I F F U S I O N XY RZ RTH WANL 7 0 9 4 264 
F4 RS P X T » I D X , l - D O I F F U S I O N FAST X - S E C T I O N GENERATICN BNW 1 1 0 8 3 7 4 
F4 RS PL T » B I S Y N . 2 - C M U L T I - G P D I F F U S I O N SYNTHESIS CALC NEO 6 3 5 2 8 7 
F4 RS PL T $ F T O G l . ENDF/B TC MUFT. GAM, ANISN X-SEC FORMAT WNES 5 6 0 0 4 2 7 
F4 RS PL T t GAMTEC2. M U L T I - G P CONSTANT CALC 0 TO 10 MEV BNW 1 1 0 7 1 8 5 
F4 »c DI T » T E M P E S T 2 , THEBMAL NEUTRON SPECTRUM X - S E C T I O N S BHSC 3 6 0 5 0 
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Q X l , O U A S I S T A T I C SPATIAL REACTOR K I N E T I C S CODE 
A I L M O F , X - S E C T I C N CALC E L AS T IC SCAT RESONANCES 

i GGC4, M U L T I - G P X - S E C T I Q N S FAST THERMAL SPECTRA 
HRG3, SLOWING-DOWN SPECTRUM, MULTIGP CONSTANTS 
LEOPARD, SPECTBA CALCULATICN WITH DEPLETION 
MACHl , 1 -C M U L T I - G P O I F F U S I O N SLAB CYL SPHERE 
XSDRN, DISCRETE CROINATE MULTIGROUP CONSTANTS 
C L I P , FORM OR THREOES L IBRARY U T I L I T Y ROUTINE 
C H A I N S , ANALYSIS CF RACIOACTIVE DECAY CHAINS 

% DOS, NEUTRON FLUX-DCSIMETER A C T I V I T Y RELATION 
MICHRD, MICROHARDNESS MEASUREMENT A N A L Y S I S 
MUFFLE. F I S S I L E NUCLIDE X - S E C T I C N EVALUATION 
GROUSE, SPACE-DEPENDENT X - S E C T I C N GENERATICN 
THREDES, 1-D EEW-GP O I F F U S I O N DESIGN SYSTEM 
2 0 R . 2 - D MULTIGRCUP D I F F U S I O N AND CEPLETION 
S I Z Z L E , 1-D MULTIGROUP D I F F U S I O N DEPLETION 
A N I S N . 1 -C M U L T I - G P CISCBETE ORCINATE CALC 
C A E S A R 4 , L I 9 L S T . 1 - 0 M L L T I - G F C I F F U S I O N • L I B 
NAP. NEUTRON-INCUCEO GAMMA-RAY R A D I O A C T I V I T Y 
LEPPARO, SPECTRA CALCULATION WITH DEPLETION 
F L A C , STFAOY-STATE FLCW, PBESSUBE D I S T B I B U T I C N 
FLANGEl , SCATTERING LAW X - S E C T I O N CALCULATION 
C A G E , B I R D , S P E C , T I M E - C F - F L I GHT CATA ANALYSIS 
D B U F I T I , LEAST SQUARES TRANSMUTATION ANALYSIS 
GAPER2C, 20 PERTURBATION CALC USING 2DF OUTPUT 
REPP, THERMAL HYDRAULIC W 4T Efi-B EACTOR CESIGN 
SAFE-CRACK, V I S C O E L A S T I C ANALYSIS OF CONCRETE 
SHELLS. T H I N SHELL 3C STRUCTURAL ANALYSIS 
T A C 2 0 , STEADY-STATE AND TRANSIENT TEMP CALC 
TAC3D, TRANSIENT 3-D HEAT TRANSFER PROGRAM 
N O I S Y l , AUTO- AND CBOSS-SPECTBAL D E N S I T I E S 
B R T l , THERMAL SPECTRUM X - S E C T I O N CALC 
ISOGEN. RADICNUCLICE GENERATION AND CECAY 

C S P I . SN X - S E C T I O N LIBRARY TAPE PBEPABATION 
CSP2A. SN X -SECTION LIBRARY TAPE PREPARATION 
PERT, 1 - D PERTURBATION FOB AIM ANC FOG CODES 
TOP, 2 -D PERTURBATICN TDC OR 2DXY FLUX INPUT 
WOPEXPRT, REACTOR WEIGHT O P T I M I Z A T I O N STUDY 
2 D F . 2 - D M U L T l - G P CISCRETE ORDINATE COCE UNC-
2 0 X Y L . 3 -D M U L T I - G P FLUX SYNTHESIS PROGRAM CYL 
S I Z Z L E . l - D MULTIGRCUP D I F F U S I O N DEPLETION 
G A M l , FAST NEUTRON SPECTRUM X - S E C T I O N CALC 
A I R E K 3 , SPACE-INDEPENOENT K I N E T I C S W/FEED8ACK 
A X - T N T , COUPLED NEUTBONICS-HYORODYNAMICS SPH 
CLOUO, GAMMA-RAY CCSE RATE FRCM A CLOUC 
CMPXMAT, TRANSFER FUNCTION EVALUATION 
G R A C E l , GAMMA-RAY ATTENUATION SLAB GEOMETRY 
GRACE2, GAMMA-RAY ATTENUATION CYL SPHERE GECM 
HAFEVER, HAUSER-FESHBACH I N E L A S T I C SCATTERING 
ISOCRUNCH, REACTICN DECAY CHAIN ANALYSIS 
ISOSEARCH, ISOTOPE PRODUCTION F L U X , X-SEC CALC 
I S O T O P E S , MAXIMUM Y I E L O FROM REACTION OR DECAY 
M 0 8 9 9 , H O H , STEAM TABLES 1 4 . 5 - 2 5 3 8 PSIA 
PEGGY, E L A S T I C SCATTERING P H A S E - S H I F T ANALYSIS 
POWERCO, NUCLEAB STATION E L E C T R I C I T Y COSTS 
RAMES, PARTICLE WAVE FUNCTICN RADIAL INTEGRALS 
S A I L , 1 -C 1-GP SN APPROXIMATION SLAB GEOMETRY 
SNC, CALCULATION CF SN CCNSTANTS FOR DSN TCC 
S4 CYL CELL COOE, 1-D 1-GP S4 APPROXIMATION 
E Q U I P 0 I S E 3 A , 2 - C 2 -GP O I F F U S I O N CYLINDER SLAB 
F O G , 1-D FEW-GP D I F F U S I O N SLAB CYLINDER SPHERE 
FORTRAN TDC, 2 - C M U L T I - G P SN APPROXIMATION RZ 
J U P I T O P l , COUPLED-CHANNEL X - S E C EVALUATION 
P I P , CENTRIFUGAL PUMP IMPELLER OESIGN STUDY 

ANL 
Al 
GGA 
BNWL 
WAPC 
PURD 
ORNL 
Al 
GEC 
GEC 
GEC 
ORNL 
GEC 
Al 
ANL 
Al 
AT 
Al 
I ITR 
JNC 
GGA 
GGA 
GEES 
BNWL 
GGA 
BNWL 
GGA 
GGA 
GGA 
GGA 
BNWL 
BNWL 
BNW 
PW 
PW 
CDC 
PW 
PW 
•LASL 
PW 
CDC 
ANL 
GDC 
PW 
CCC 
PW 
COC 
CCC 
COC 
ORNL 
ORNL 
ORNL 
ANL 
CRNL 
ORNL 
CRNL 
CDC 
PW 
CCC 
CDC 
CDC 
PW 
ORNL 
PW 

360 
360 

1108 
11C8 
360 

6500 
360 
360 
635 
635 
635 
7090 
535 
350 

3600 
360 
360 
360 

7094 
1108 
1108 
1108 
11C8 
1108 
11C8 
1108 
1108 
1108 
1108 
11C8 
1108 
1108 
1108 
1604 
1604 
1604 
1504 
1604 
1604 
1604 
1604 
3600 
1604 
1604 
1604 
1604 
1604 
1604 
16C4 
1604 
1604 
1604 
1604 
1604 
1604 
1604 
1504 
1604 
1604 
1604 
1604 
1604 
1604 
1604 

474 
147 
298 
467 
279 
252 
393 
271 
416 
423 
421 
323 
420 
273 
325 
58 
151 
270 
314 
279 
395 
247 
475 
455 
471 
483 
451 
452 
40 8 
414 
488 
184 
367 
194 
193 
30 

199 
190 
173 
19 2 
58 
33 

121 
191 
47 

188 
45 
46 
14 
180 
322 
179 

R294 
334 
340 
335 
52 
189 
53 
£7 
28 

161 
30 8 
187 
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WHIPL4W4Y, 3 -D 2-GROUP D I F F L S I C N XYZ GECMETRY CCC 
2 0 G R A N 0 , 2 - 0 FEW-GRCUP D I F F U S I O N SLAB CYLINDER COC 
A I M 6 , 1 - D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE CDC 
A R F S 2 , RESONANCE INTEGRAL X-SEC T I ON CALC 
D T F , 1 - 0 MULTIGRCUP CISCRETE ORDINATE CALC 
FORM, FAST NEUTRON SPECTRUM X - S E C T I O N CALC 
T E M P E S T 2 , THERMAL NEUTRON SPECTRUM X - S E C T I O N S 
F A I M , 1 - C M U L T I - G P O I F F U S I O N SLAB CYL SPHERE 
G A M l , FAST NEUTRON SPECTRUM X - S E C T I C N CALC 
A X l , COUPLED NEUTRONICS-HYDRODYNAMICS SPHERE 
C O I N C , C C I N C I O E N C E COUNTING CATA RECUCTION 

% NEARREX, COMPPUND NUCLEUS X - S E C T I C N CALC 

R l O l , SPACE- INDEPENCENT K I N E T I C S KEX OPTIONS 
B 1 0 2 , SPACE- INDEPENDFNT INVERSE K I N E T I C S CALC 
ARGUS, TBANSIENT TEMPEPATUBE CALC CYLINDEB 
F L A R E , 3 - 0 R E A C T I V I T Y AND POWER D I S T R I B U T I O N 
R 1 5 3 , PARAMETRIC S ITE REQUIREMENT STUDY 
T R A F I C O R P O R A T I O N , TRANSFER FUNCTION SYNTHESIS 
X L I R I T , X - S E C T I C N LIBRARY U T I L I T Y BOUTINE 
2 P L U S , N O N - S P H E R I C A L OPTICAL MCDEL X - S E C T I C N S 
THERMOS! A N L ) , THERMAL SPECTRUM X - S E C T I O N CALC 
MAC, SHIELD DESIGN fiULTIGBCUP SLAB GEOMETRY 

GADOSE,DOSET, HTGB ACCIDENT A N A L Y S I S DOSE CALC GGA 1 1 0 6 F4 
r,4F,GAR, SPECTRA AND GRCU P-AV ER AG E C X-SEC CALC GGA U O R E4 
GAFFE, F O U I L I R R I U M FUEL CYCLE CALCULATICN GGA U C 8 F4 

G4FG4B FNOF/B CATA TAPES GGA U C E B I N R L T » Z P R - I I I ASSEMBLY 4 8 
CAFGAR X - S E C T I C N L IBRARY PREPARATICN GGA 1 1 0 8 F4 RS P X T S GANO, 
GAKER, I N E L A S T I C SCAT X - S E C T I O N CALC MODERATCR GGA 1 1 0 8 F4 BS P S 
C 4 K I N , 1 - C MULTIGROUP T IME-CEPENCENT D I E F U S I O N GGA 
GAKIT, 1 - 0 MULTIGP K I N F T I C S WITH TEMP FEEDBACK GGA 
CAM, ANISN X - S F C FOBMAT WNES 6 6 C 0 F4 RS PL T » 
CAMBLF4, 2 - 0 M U L T I - G P D I F F U S I C N XY BZ GEOMETRY GGA 
GSMRLFS, 2 -D M L L T I - G P D I F F U S I O N XY PZ GEOMETRY GGA 
GAMMA RAY SOURCF BUILDUP FACTOR CALC 
CAMMA BAY SPECTRA OBNL 3 6 0 F4 

F53 
F53 
F63 
F53 
F53 
F63 
F63 
F53 
F53 
F63 
F63 
F63 
F53 
F53 
F53 
F*3 
F53 
F53 
F53 
F63 
F63 
F63 

BS P 
RS P 
BS PL 
RS PL 
RS PL 
RS PL 
RS PL 
BS PLX 
RS PLX 
RSBP 
RSBP 
RSPP 
PSBP 
B SRP 
RSRP 
BSRP 
RSRP 
RSBP 
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RSBP 
RSRP X 
0 SPPL 
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T 
T 
T 
T 
T 
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T 
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t 

s 
% 
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t 
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t 

( 
% 
t 
t. 
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t 
t 
t 

$ 
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t 
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CDC 
UNC 
CCC 
COC 
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CCC 
CDC 
ANL 
ANL 
ANL 
ANL 
ANL 
CDC 
ANL 
ANL 
ANL 
ANL 
ANL 
ANL 

RS 
RS P 
S 

1604 
1504 
1504 
1504 
1504 
1604 
1604 
1504 
1604 
3600 
3600 
3600 
3600 
3500 
3 600 
3500 
3600 
3500 
35C0 
3500 
3600 
3600 

T $ 
X T * 

T t 

1 1 0 8 F4 R S P T » 
1 1 0 8 F4 RS P T I 

ETOGl , ENDF/B TO MUFT, 
7 0 4 4 F+MAP RSBP T ( 
1108 F + BAL RS P T I 

BAPL 66CC F + ASC RS P T I A S P I S , 
RS P » ALPHA-M, RESOLUTION OE 

GAMMA-P, PRODUCTION X - S E C T I O N S FOR GAMMA-RAYS GEC 7 0 9 4 F4 
G4MMA-RAY ATTENUATION CYL SPHERE GEOM A l 7 0 9 0 F2 RS P 
GAMMA-RAY ATTENUATION CYL SPHERF GECM COC 1 5 0 4 *F63 RS P 
GAMMA-RAY ATTENUATION SLAB GEOMETRY Al 7 0 9 0 F 2 RS P 
G6MMS-BAY 4 T T E N U 4 T I C N SLAB GECMETRY COC 1504 F63 RS P 
C4MM4-RAY DOSE RATE FROM A CLOUD Al 7 0 9 0 F2 RS P 
GAMMA-RAY CCSE PATE FRCM A CLOUD CDC 15C4 F 6 3 BS P 
GAMMA-RAY OOSE BATE FROM A CLCUD OP 350 E4 RS P 
GAMMA-RAY H I S T O R I F S 

RS P $ 
t GRACE2, 
t GR4CE2, 
t G R A C E l , 
» GRACE 1 , 

$ CLOUD, 
% CLOUD, 
» CLOUD, 

PW 15C4 F+CDP RS P X T t F M C - N , F M C - G , MC NEUTRON, 

GAMMA-PAY PHCTCFSACTION S O L I C CRYSTAL UM 7 0 9 0 MAD BSR t B U R P 4 , 
CSMMA-RAY PHOTPFRAETION WELL CRYSTAL UM 7 0 9 0 MAC RSB I BURPS, 
G4MM4-RAY R A D I O A C T I V I T Y I I T R 7 0 9 4 F4 RSRPLX T $ NAP, NEUTRON-INDUCEO 
CAMMA-RAY SPECTRA ANALYSIS KAPL 5 6 0 0 F4 RS T « GASPAN, COMPLEX 
CAMMS-RAY cpFCTRA GGA 1 1 0 8 F + BAL RS P T $ TOAC, PROCESSING CF ANALYZER 
GAMMA-RAY SPECTRA KSUN 3 6 0 F4 RS P S CORGAM, UNFOLDING CF COMPLEX 
GAMMA-RAY TRANSPORT BAPL 6 6 0 0 F4 RS P T $ M 0 7 5 6 , L E T 0 , 1 -0 SLAB 
GAMMA-BAYS GEC 70Q4 F 4 BS P % GAMMA-P, PBCDUCTICN X - S E C T I C N S FCR 
G4MTEC2, M U L T I - G P CONSTANT CALC 0 TO 10 MEV 80 6 2 5 F4 BS P X 
S4MTFC2, M L L T I - G P CCNSTANT CALC 0 TC 10 MEV BNW 1 1 0 7 F4 BS PL 
C4MTFC2, MUl T I - G P CONSTANT CALC 0 TO 10 MEV BNW 709C F+FAP PS PL 
C4MTBI , 2 - C MULTIGP D I F F U S I C N TBI4NGULAR MESH GGA 1106 F+RAL RS P 
GSMl • GAM2 WNES 6 6 0 0 RCD R L T » ETOGl CATA L I B R A R I E S , MUFT4 OR 
GAMl, FAST NEUTRON SPEGTRUM X - S E C T I O N CALC ANL 360C E53 
GAMl , FAST NFUTRON SPECTRUM X - S E C T I C N CALC CDC 1 5 0 4 E53 
GAMl, FA^T NEUTBON SPECTRUM X - S E C T I O N CALC GGA 7 0 9 0 E2 
GAM2 WNES 6 6 IO PGC R L T « ETOGl DATA L I B R A R I E S , MLFT4 OR 5 + GAMl 
GANO, GAEGAR X - S E C T I C N LIBRARY PREPARATION GGA 1 1 0 8 F4 RS P X T 
GANOY, UNRFSOLVED RFSONANCE X - S E C T I O N CALC GGA 110 8 F4 
CAPFB7C, 2 0 PFRTUBPATION CALC U S I N G 20F OUTPUT GGA 1 1 0 8 FS 

BS LX 
BS PLX 
BS PLX 

BS P 
RS P 
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40 
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89 
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51 
50 
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33 
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248 
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255 
168 
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18 4 
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315 
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345 
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R429 
4 1 3 
235 

46 
46 
45 
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47 
47 
47 
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R4e5 
333 
3 9 0 

R 3 4 3 
235 
185 
165 
185 
401 
447 
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33 

447 
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341 
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G A P L 3 , I N E L A S T I C LABGE CEFLECTICN STRESS STUCY BAPL 6 6 0 0 
G A P O T K I N , SPACE-INDEPENDENT REACTOR K I N E T I C S GGA 1 1 0 8 
GAR, SPECTRA ANC GROUP-AVERAGED X-SEC CALC GGA 1 1 0 8 F4 
GARGOYLE, FUEL CYCLE ANALYSIS PARTIAL REFUEL GGA 7 0 4 4 
GAROL, RESONANCE OVERLAP AND L A T T I C E EFFECTS GGA 7 0 4 4 
CAROL, RESONANCE OVERLAP ANC L A T T I C E EFFECTS 
GAS RELEASE S I M U L A T I C N BAPL 6 6 0 0 F4 RS P 
GAS-COOLEC CORE THERMAL DESIGN STUDY GGA TO** , F4 
GASA, S T A B I L I T Y ANALYSIS REACTOR K I N E T I C S EQNS GGA 
GASKET, THERMAL SCATTERING LAW CALCULATICN GGA 
GASPAN, COMPLEX GAMMA-RAY SPECTRA ANALYSIS KAPL 
G A S P 2 , 1 - C FEW-GP D I F F U S I C N POWEB CIST SEARCH GGA 
GASP7, 1-D RURNUP PCWER D I S T R I B U T I O N SEARCH 
GATT, 3 - 0 FEW-GP D I F F U S I O N CALC HEX-Z MESH 
GAUGF, 2 - D FEW-GP HEX GEOM D I F F U S I O N CEPLETICN 
GAVER, ENFBGY INTERVAL X -SECTION AVERAGING 
G A Z F L L E 5 , GAS-CCCLEC CORE THERMAL CESIGN STUDY GGA 
G A Z F 2 , 1-D MULTIGROUP D I E F U S I O N SLAB, S P H , CYL GGA 
G E - H A P 0 - S 1 3 , 1 - 0 MULT I -GP DOUBLE SN APPRCX BNW 

GGA 
LER 
T % 

GGA 
GGA 
GGA 
GGA 

F+COM RS 
F4 RS 

RS P X 
F4 RS 
F+MAP RS 

7 0 9 4 F+MAP RS 

GAF 
T 
T 
T 

BUBLl, FUEL SWELLING + 
RS P 

1108 F4 
1108 
560C 
7044 
1108 
1106 F4 
1108 F4 
7044 F4 
7044 F4 
1108 F+BAL 

F4 
F4 
F4 
F4 

$ GAZELLES, 
RS P 
RS P 
BS 
BS 
BS 
BS 
RS 
RS 
RS 
RS 

7 0 9 0 FLCCO RSBP 
GEC 
GEC 
GEC 
GFC 
GFC 
GEC 
GEC 
GEC 
GEC 
GEES 
GFM, 

625 F4 RS P 
635 F+FAF PSBP 
5 3 5 F+GMP RSBP 

RSBP 
RSBP 
RSBP 
RSRP 
RSRP 
RS P 
RS P 

535 F4 
535 F4 
535 F4 
6 3 5 F4 RSRP T 

7 0 9 0 FAP RSRP X T 
7094 F4 
1108 F5 
EIGENVALUE PROBLEM FOB V I B R A T I N G SYSTEMS 

GENER4T0R DESIGN C R I T E R I A COSTS 
GECME RY PAPL 5 5 0 0 F4 RS P 

AVOIC , ANNULAR V O I C X - S E C T I O N CALCULATION 
CASCADE,CLUSTER, R A D I A T I O N DAMAGE I N METALS 
T H T E , 3 - D TRANSIENT HEAT TRANSFER PROGRAM 
C H A I N S , ANALYSIS CF RADIOACTIVE CECAY CHAINS 
COS, NEUTRON FLUX-DOSIMETER A C T I V I T Y RELATION 
M I C H R D , MICROHARONESS MEASUREMENT ANALYSIS 
GROUSE, SPACE-DEPENDENT X - S E C T I O N GENEBATION 
SPECTBA, MC CALCULATION IBRACIATED MATEBIAL 
GAMMA-P, PBCDUCTICN X -SECT IONS FCR GAMMA-BAYS 
C A G E , B I R D , S P E C , T I M E - O F - F L I G H T DATA ANALYSIS 

KAPL 5 6 0 0 F+ASC BS P T $ 
GGA 7 0 4 4 F4 BS P T $ STMGEN, STEAM 
T i B E 2 1 , FEW-GP DISCRETE ORDINATES SLAB 

GEOMETRICAL DATA HEAT 
GESJ 
GFSV 
GESV 
GFSV 
GESV 
GESV 
GFV 
GFV 
GGA 
GGA 
GGA 
GGA 
GGA 
GGA 
GGS 
GGA 
GGA 
GGA 
GGA 
GGA 
GGA 
GGA 
GGS 
GGA 
GGA 
GGA 
GGA 
GGA 
GGA 
GGA 
GGA 

535 F4 
635 F+GMP 
635 F4 
6 3 5 F4 
6 3 5 F4 
535 F4 
6 3 5 F4 

7 0 9 4 F+F4P 
1108 BIN 
1 1 0 8 F+RAL 
11C8 F+BAL 
l U R F+BAL 
n O R F+RAL 
1109 F+RAL 
1108 F+BAL 
H O P F + RAL 
I K P F4 
1 1 0 8 F4 
11C8 F4 
1108 F4 
1 1 0 8 F4 
1108 F4 
U O S F4 
1108 F4 
l l O R F4 
1 1 0 8 F4 
U O R F4 
H O P F4 
1 1 0 8 F4 
n o p F4 
U 0 8 F4 

RS 
BS 
BS 
RS 
BS 
RS 
RS 
RS 
R 
RS 
RS 
RS 
BS 
RS 
RS 
RS 

S 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 

TRANSFER STUDY SLL 6 6 0 0 F4 RS P $ HEATMESH, 
T $ TROUT, MUG MULTIGBOUP XSEC LIBRARY MAINTENANCE 
T $ S Y N , 20 SYNTHESIS MULTIGP C I F F + IGP DEPLETION 
T $ 0 O T 2 D B , 2C MULTIGBOUP D I F F U S I O N + SN THECRY 
T t F R E A D M l , FAST REACTOR CORE ACCIDENT ANALYSIS 
T t FUMBLE, FAST RESCTOR FUEL BURNUP + MANAGEMENT 
T $ V E L V E T 2 , TURBULENT FLCW I N LMEPR RCC BUNCLE 
T t BURNUP, HEAVY ELEMENT I S O T O P I C BURNUP ANALYSIS 
T $ EPITHERMCS, SPECTPUM ANC X - S E C T I O N CALCULATION 
T $ Z P R - I I I ASSEMBLY 48 GAFGAR ENCF/B C4T4 TAPES 
T i B L C 0 S T 6 , COMBINEC K I N E T I C S 2 - D HEAT TRANSFER 
T $ B U G T R I . 2 - 0 MULTIGP 0 I FFUS 10N+EURNUP T R I - M E S H 
T $ RUG2. 2 -D MULTIGROUP O I F F U S I O N + BURNUP X Y . RZ 
T $ GAMBLES. 2 - D M U L T I - G P C I F F U S I O N XY RZ GECMETRY 
T $ G A M T R I . 2 - D MULTIGP D I F E U S I C N TRIANGULAR MESH 
T t GAZE2. l - D MULTIGROUP D I F F U S I O N SLAB. SPH. CYL 
T $ TOAC, PRCCESSING CF ANALYZER GAMMA-RAY SPECTRA 
T $ G A F F E , E Q U I L I B R I U M FUEL CYCLE CALCULATICN 

$ HEXSCAT, ELASTIC SCAT X - S E C T I O N S HEX L A T T I C E 
T $ F L A N G E 2 . ENDF/B THERMAL SCATTERING CATA PROC 
T $ F L A N G 2 / S C , ENDE/B THERMAL SCATTERING OATA PRCC 
T $ GADOSE,CCSET, HTGR ACCIDENT ANALYSIS DOSE CALC 

t F f i E V A P 5 , HTGR METALLIC F I S S I C N PRCCUCT RELEASE 
$ GAKER, INELASTIC SCAT X - S E C T I C N CALC MCDERATCR 
t GANDY, UNRESOLVED RESONANCE X - S E C T I O N CALC 
i G A P O T K I N , SPACE-INDEPENDENT REACTOR K I N E T I C S 
t GASA, S T A B I L I T Y ANALYSIS REACTOR K I N E T I C S EQNS 
t GASKET, THERMAL SCSTTERING LAW CALCULATION 
$ GRDWRK, GRID GENERATION FOR SAFE PROGRAMS 
$ PSEUDO, S T A T I S T I C A L RESONANCE PARAMETER CALC 
$ S A F E - C R E E P , V I S C O E L A S T I C ANALYSIS CONCRETE 
$ S A F E - P L A N E , PLANE STRESS A N A L Y S I S , 2 - 0 BODIES 
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GLEN, 
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l U . P 
I K f l 
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H O P 
H O B 
UOR 
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1108 
HOP 
1 K 8 
n o p 
U O R 
H O P 
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11 ' ; 8 
I I C P 
U " R 
1 1 0 8 
I K B 
H O P 
U O R 
65O0 
7 0 4 4 
7.^44 
7 0 4 4 
7044 
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7 0 4 4 
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7 0 9 0 
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MULT 
GROU 

, WAT 
1 , GA 
1 , GA 
1 - r.h 

F4 
F4 
F4 
F4 
F4 
F4 
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E4 
F4 
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F"; 
F5 
E4 

RS 
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RS 
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RS 
RS 
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RS 
RS 
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RS PLX 
RS P 
RS P 
R S P 
RS P 
RS P 
RS P 
RS P 
RS L 

F+MAP RS P 
F+MAP BS P 
F+MAP RS P 
F+MAP RS P 
F+MAP RSRP 
F+MAP RSBP 
F+SPS RSRP 
F4 
F4 
F4 
E4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
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RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
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RS 
RS 
RS 
RS 
RS 
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RS 

F+FAP RSB 
F+FAP RSR 
F+FAP RSRP 
F2 
F2 
F2 

RS 
BS PLX 
BSB 

l - G P X - S E C T I O N S 
l - G P X - S E C T I C N S 
P CONSTANT CALC 
ER-LCGGED FUEL 
MMA-RAY ATTENU4 
MMA-BAY ATTENUA 
KMA-BAY ATTENUA 

$ S A F E - S H E L L , STRESS A N A L Y S I S T H I N SHELLS 
$ S A F f - 2 C , PLANE + AXISYMMETRIC STRESS ANALYSIS 
$ DYNAM, DYNAMIC ANALYSIS B O I L I N G FLOW STEAM 
i F E V E R 7 , 1 - 0 MULTIGROUP D I F F U S I O N AND DEPLET ION 
$ G A K I N , 1 - D MULTIGRCUP T IME-CEPENCENT D I F F U S I O N 
t G A K I T , l - D MULTIGP K I N E T I C S WITH TEMP FEEDBACK 
t GASP7 , 1-C BURNUP POWER D I S T R I B U T I O N SEARCH 
% G A T T , 3 - D FEW-GP D I F F U S I O N CALC HEX-Z MESH 
$ GAUGE, 2 - 0 FEW-GP HEX GEOM D I F F U S I O N DEPLETION 
$ MUSCAT, VIEW FACTOR S H I E L D I N G CODE C A V I T Y GEOM 
t PWCOST, REACTOR FLEL CYCLE CCST CALCULATICN 
J S A F E - 3 D , 3 -D COMPOSITE STRUCTURE STRESS STUOY 
t T A C A S I , ANALYSIS OF RESONANCE MEASUREMENTS 
i T E M C 0 7 , TEMPERATURE C C E F F I C I E N T CALCULATION 
t W I G L 2 , 1 - 0 2 -GP S P A C E - T I M E O I F F U S I O N 3-GEOM 
i COHBE, COHERENT I N E L A S T I C SC ATT EB ING L Aw CALC 
$ G A F , G A B , SPECTRA AND GROUP-AVERAGED X-SEC CALC 
t GAND, GAFGAR X - S E C T I O N LIBRARY PREPARATION 
t GGC4, M U L T I - G P X - S E C T I C N S FAST THEBMAL SPECTBA 
» FLAC, STEADY-STATE FLOW, PBESSUBE D I S T R I B U T I O N 
$ F L A N G E l , SCATTERING LAW X - S E C T I O N CALCULATION 
t GAPER 2 0 , 20 PERTURBATION CALC USING 2 0 F CUTPUT 
t SAFE-CBACK, V I S C O E L A S T I C ANALYSIS OE CONCRETE 
t S H E L L S , T H I N SHELL 3C STRUCTURAL ANALYSIS 
S T A C 2 D , STEADY-STATE ANO TBANSIENT TEMP CALC 
t T A C 3 D , TRANSIENT 3 - D HEAT TRANSFER PROGRAM 
t GGC4, M L L T I - G P X - S E C T I C N S FAST THERMAL SPECTRA 
» FASDOP, X - S E C T I O N S FROM B-W RESONANCE DATA 
i B L C C S T 5 , P O I N T - K I N E T I C S WITH 2 - D HEAT TRANSFER 
$ GAROL. RESONANCE OVERLAP AND L A T T I C E EFFECTS 
$ OPUS. POWEB PLANT PERFORMANCE ANO PRICE STUOY 
t UNPACK. RETRIEVAL FROM SCISRS X - S E C T I O N TAPE 
t GAMBLE4. 2 - 0 M U L T I - G P D I F F L S I C N XY RZ GEOMETRY 
$ CRCSSPLCT, S C 4 0 2 0 PLOTS FROM X - S E C T I O N TAPES 
t CORE, CCBE CONFIGLBATICN FUEL TEMPERATURE CCCE 
$ PBECON, HTGR CONTAINMENT PRESSURE PCST RLPTUBE 
i GAVER. ENERGY INTEBVAL X - S E C T I O N AVERAGING 
% G A Z E L L E S . GAS-CCOLED CORE THERMAL CESIGN STUCY 
t RAD2, HTGR F I S S I O N PRODUCT A C T I V I T Y D I S T STUDY 
t WAMFUM. FUEL CYCLE CCSTS PERFORMANCE STUDY 
t ELBOW, FUEL ELEMENT STRESS ANALYSIS STUDY 
J F M C - N , MONTE CARLO CALC NEUTRON H I S T O R I E S 
t GARGOYLE. FLEL CYCLE ANALYSIS PARTIAL REFUEL 
t GASP2, 1 - 0 FEW-GP D I F F U S I O N POWEB OIST SEARCH 
$ B E L O A C - F E V E S . 1 - 0 FEW-GP D I F F U S I O N CEPLETION 
S R E V I S E O - G A D . FUEL CYCLE ANALYSIS W / R E F u E L I N G 
t S A F E - A X I S Y M . STRESS ANALYSIS AXISYMMETRIC LOAD 
S S A F E - P C R S . STRESS ANALYSIS AXISYMMETRIC LOAD 
t STMGEN, STEAM GENERATOR DESIGN C R I T E R I A CCSTS 
t TEMCO, 1-C FEW-GP C I F F U S I O N TEMP COEF CALC 
» L E G C 0 E F 3 , LEGENDBE COEF CALC FOR ANGULAR DIST 
S T U Z . UNRESOLVED REGION RESONANCE INTEGRAL CALC 
t Z U T , RESOLVED REGION RESONANCE INTEGRAL CALC 
i ODB, 2 - D FEW-GP D I F F U S I O N BURNUP BZ GECMETBY 
t SUMMIT , CBYSTALLINE SCATTEBING KERNEL CALC 
t G A M l , FAST NEUTRON SPECTBUM X - S E C T I O N CALC 
t F E V E B , 1-D FEW-GP D I F F U S I O N DEPLETION PBOGBAM 

FAST THEBMAL SPECTBA GGA 1106 F4 RS PLX T 

FAST THEBMAL SPECTBA GGA 6 6 0 0 F4 RS L T 
FROM TOR OUTPUT OATA LASL 5 6 0 0 F4 RS 

ELEMENT ANALYSIS BAPL 6 6 0 0 F4 RS 
T I O N SLAB GECMETRY Al 7 0 9 0 F2 BS 
T I O N SLAB GEOMETRY CDC 1 6 0 4 F63 RS 
T I O N CYL SPHERE GECM A l 7 0 9 0 F2 RS 

253 
379 
4 4 0 
318 
310 
370 
319 
380 
3 3 9 
2 5 9 
441 
332 
410 
320 

R274 
385 
316 
345 
2 9 8 
395 
247 
471 
4 5 1 
452 
408 
414 
2 9 8 
2 1 5 
205 
219 
2 2 5 
2 0 6 
2 2 2 
207 
233 
2 2 8 
218 
232 
231 
224 
2 2 9 
195 
2 6 0 
2 2 0 
221 
223 
251 
250 
227 
225 
217 

42 
41 
9 9 
5 6 
33 

117 
298 
2 9 8 
361 

R 4 2 4 
4 5 
4 5 
4 6 
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GRACE2 , GAMMA-PAY ATTENUATION CY 
GRAMP, B-M PARAMETERS OF UNRESOL 
GRAPHIC X-SEC EVALUATION A l 3 
GBAPHICS SURROUTINES Al 360 F 
GRAVE, GROUP-AVERAGING X -SECTION 
GRDWRK, GRID GENERATICN FOR SAFE 
GRID GENERATION FOR SAFF PROGRAM 
GROUP CCLLSPSING APPF 5 5 0 0 F4 
GROUP CONSTANT CALC FROM TOR OUT 
GROUP OR MESH COLLAPSING TRW 
GPOUP-AVEBAGED X-SEC CALC GGA 1 
GROUP-AVFBAGING X -SECT IONS PARAM 
GROUP-COLLAPSING OF M U L T I - G P X-S 
G R 0 U 5 F , SPACE-CEPENDENT X - S E C T I O 
GSSLRNIR , LEAST SQUARES PHOTOPEA 
HAA3 , COAGULATICN OF HETEROGENEO 
HAFEVER, HAUSER-FFSHRACH INELAST 
HAMMER, C R I T I C A L EXPERIMENT ANAL 
HAMMER, C R I T I C A L EXPERIMENT ANAL 
HARMONY-POO X - S E C T I O N GENERATICN 
HATCHET, COUPLED NEUTRON ICS-HYDR 
HAUSER-FESHBACH I N E L A S T I C SCATTE 
HEAT CONDUCTION PPCD 7 0 4 4 F+ 
HEAT CCNDUCTICN LUMPED MASS L 
HEAT CONDUCTION LUMPED MASS L 
HEAT CONDUCTION PBOGBAM BAPL 
HFAT EXCHANGER STRESS ANALYSIS 
HFAT TRANSFFR GGA 1 1 0 8 E + BAL 
HEAT TRANSFER A l 7 0 9 4 F+FAP BS 
HEAT TBANSFEB AT 7 0 9 4 F2 BS 
HFAT TBANSFFR GGA 7 0 4 4 F + MAP PS 
HEAT TRANSFER MOLTEN FUEL TUBE 8 
HFAT TRANSFER PROGRAM GEC 
HEAT TRANSFER PROGRAM GGA 1 
HEAT TRANSFER SCLIO FUEL TUBE BU 
HEAT TRANSFER STUDY SLL 5 5 0 0 F4 
HEATING CLAOOING-STEAM REACTION 
H E A T I N G 2 , TRANSIENT STEAOY-STATE 
HEATMESH, GEOMETRICAL DATA HEAT 
HEAVY ELEMENT ISOTOPIC BURNUP AN 
HEDL 1 1 0 8 F4 RS P X T t ET0X2 
H E R E S Y l , LATTICE PARAMETERS HETE 
HETEBCGENECUS AEROSOLS Al 
HETERCGENEOUS CALC FMA 7 0 9 0 E2 
HEX CELL BAPL 5 5 0 0 F+ASC RS P X 
HFX GECM O I F F U S I O N CEPLETION GGA 

L SPHERE GECM CDC 1 6 0 4 F63 RS P I 
VED RESONANCES BAPL 6 6 0 0 F4 RS P $ 
50 F + BAL BS L T $ SC0RE3, SCISRS ENOF/B 
+BAL BS T $ F I G S , I B M 3 6 C + 2 2 5 0 FCRTRAN 
S PARAMETERS A l 7 0 9 4 F+FAP RS PL T S 

PRCGBAMS GGA 1 1 0 8 F4 BS P $ 
S GGA 1 1 0 8 F4 BS P $ GRDWRK, 

RS i A P R F X l , 9 9 - G P D L C - 2 B LIBRARY 
PUT CATA LASL 5 6 0 0 F4 RS P T S GLEN, 
-MMU 6 5 0 0 F4 RS P $ P A B T I , OBTIMAL 
108 F4 RS P X T » GAF ,GAB, SPECTBA AND 
ETERS Al 7 0 9 4 F + FAP BS PL T $ GRAVE, 
ECTIONS LASL 7 0 9 0 FLOCO RS P I 
N GENEBATION GEC 6 3 5 F4 RSBP 
K SPECTRA COCE BNWL U O R E + BAL PS P 
US AEROSOLS 
IC SCATTERING 
Y S I S SYSTEM 
Y S I S SYSTEM 

ZOT, 
T 
T 
T 

HEX L A T T I C E GGA 1 1 0 8 F4 RS 
HEX-Z MESH GGA U O B F4 R 
HEXSCAT, ELASTIC SCAT X-SECTIONS 
HFN, l - D M U L T I - G P D I F F U S I O N SLAB 
H I G H - V E L O C I T Y FLOW STUCY STEAM-W 
H I S T O R I E S GGA 7 0 4 4 F4 R 
H I S T O R I F S PW 1 6 0 4 F+CDP RS P 
HISTORY KE 7 0 9 4 F2 RSBP 
HISTORY LASL 5 5 0 0 F4 RS P 
HOH, STEAM TABLES 1 4 . 5 - 2 5 3 8 PSIA 
HCH, STEAM TABLES 1 4 . 5 - 2 5 3 8 PSIA 
HOMOGENEOUS ANL 35O0 F 3 5 RSBP 
H 0 T 2 , 2 - D TBANSIENT HEAT CONCUCT 
H B G 3 , SLOWING-DOWN SPECTRUM, MUL 
HTGR ACCIDENT ANALYSIS DOSE CALC 
HTGB CONTAINMENT PBESSUBE POST B 
HTGP F I S S I C N PRODUCT A C T I V I T Y DI 
HTGB METALLIC F I S S I O N PRODUCT RE 

AT 360 F4 RS P 
CDC 16('4 F63 RS P 

BNL-DP 3 5 0 F+BAL RS PLX T 
BNL-DP 709C F+FAP RS PLX T 

CCDE BAPL 6 6 0 0 F4 RS P X T $ P A X 0 2 , 
OOYNSMICS CODE AGC 7 0 9 0 F2 RSS t 
RING COC 1 5 0 4 F53 BS P « HAFEVER, 
MAP PS P T » TOOCEE, 2 - D T IME-DEPENOENT 
ASL 7 0 3 0 E4 RS T $ R A T H , 2 - CB 3 - D 
ASL 7 0 9 4 FAP BS P T $ RATH, 2 - OR 3-D 
55CC F4 RS P T $ H 0 T 2 , 2 - D TRANSIENT 

KAPL 6 6 0 0 E4 RS P » TUBE, U-TU8E 
RS P T t B L C 0 S T 6 , COMBINEC K I N E T I C S 2 - D 

P T t H E A T I N G 2 , TBANSIENT STEADY-STATE 
P T $ T R A N S - F U G U E l , TRANSIENT FLOW AND 
P T $ BLOOSTS, P O I N T - K I N E T I C S WITH 2 - 0 

UNDLES LASL 7 0 9 4 F2 RSBP t A X F L U , 
5 3 5 F + GMP RSBP T $ T H T E , 3 -D TRANSIENT 

108 F5 RS P T 1 T A C 3 D , TRANSIENT 3 - D 
NDLES LASL 7 0 9 4 F 2 RSBP $ AXTHRM, 

RS P » HEATMESH, GEOMETRICAL DATA 
ANL 3 6 0 0 F 3 6 RSBP $ CHEML0C2. GORE 

HEAT TRANSFER A l 7 0 9 4 F+FAP R S P T » 
TRANSFER STUCY SLL 5 5 0 0 F4 RS P J 
A L Y S I S GEV 635 F 4 RS P T t BURNUP, 
. MULTIGP CONSTANTS FROM ENDF/B FOB lOX 
aOGENEOUS CALC FMA 7 0 9 0 F2 BSBP X J 
3 5 0 F4 RS P T » H A A 3 . COAGULATICN OF 

RSPP X J H E R E S Y l , L A T T I C E PARAMETERS 
T S R E S Q 2 , R E S Q C , D 8 F 1 . RESONANCE INTEGRAL 

1 1 0 8 F4 RS P T t GAUGE. 2 - D FEW-GP 
$ HEXSCAT. ELASTIC SCAT X - S E C T I O N S 

S P T $ G A T T . 3 - 0 FEW-GP D I F F U S I O N CALC 
HEX L A T T I C E GGA 1 1 0 8 F4 RS t 
CYL SPHERE BNW 1 1 0 7 F4 RS P T $ 

ATER MIX KAPL 5 6 0 0 F4 RS P $ RAPP. 
S P T $ F M C - N , MONTE CARLO CALC NEUTRON 

X T » F M C - N . F M C - G . MC NEUTRON. GAMMA-RAY 
T S P T H l , BLOWDOWN PRESSURE TEMPERATURE 

T t P H E N I X . 2 0 D I F F U S I O N EURNUP REFUELING 
ANL 1 6 0 4 F 6 3 RS P t M 0 8 9 9 , 
BAPL 5 5 0 0 F4 RS P T t M 0 8 9 9 , 

$ M I S H - M A S H . RESONANCE INTEGRAL CALC 
ION PROGRAM BAPL 5 6 0 0 F 4 
T I G P CONSTANTS BNWL 1 1 0 8 F4 

GGA 1 1 0 8 F 4 RS T » 
UPTURE GGA 7 0 4 4 F 4 RS 
ST STUDY GGA 7 0 4 4 F4 RS 
LEASE GGA 1 1 0 8 F4 RS P 

RS P T $ 
RS PLX T % 

GAOOSE.OOSET. 
X T t PRECON. 
P $ RAD2. 

$ FBEVAP5. 

46 
B470 
375 
484 
162 
296 
296 
466 
361 
416 
316 
162 
113 
'i2C 
457 
443 
14 

277 
277 

R425 
153 
14 

349 
242 
242 

R285 
R378 
30 3 
198 
266 
205 
182 
346 
414 
183 
434 
365 
198 
434 
311 
368 
135 
443 
135 

R285 
339 
291 
380 
291 
241 

R382 
195 
195 
155 
454 

R294 
B294 
214 

B286 
457 
251 
228 
231 
301 
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HWOCP-SAFF, 7 - C MPNTE CABLO CELL C A L C U L A T I C N Al 36C F + BAL BS P X T t 3 0 7 
HYOBALLIC WATER-BEACTCB DESIGN BNWL 1 1 0 8 FS RS P T $ R E P P , THERMAL 4 6 3 
HYDPODYNAMIC A N A L Y S I S DURING BLOWDOWN PPCO 3 6 0 F4 RS P X $ B U R S T l , 4 3 5 
IBM 3 6 0 E+BAL RS P T J PDOS, 2 - D FEW-GROUP O I F F U S I O N AND DEPLETION P336 
i e M 3 5 r + 7 2 5 0 FORTRaN GRAPHICS SUBROUTINES A l 3 5 0 F+BAL RS T t F I G S , 4 6 4 
I I T P 7 0 9 4 E4 RSRPLX T $ N A P , NEUTRCN-1N CUCEC GAMMA-RAY R A D I O A C T I V I T Y 314 
IMPELLER CESIGN STUDY PW 1 6 0 4 F63 RS P T t P I P , CENTBIFUGAL PUMP 1 8 7 
INC 7 0 4 4 F+MAP RS P T t R E L A P 2 , BEACTCfi BLOWCOWN - EXCUBSION ANALYSIS 369 
INCEXE, 1-GP 3 - D XYZ XENON O S C I L L A T I O N CE 3 6 0 F4 BS P X T t CEXE, 4 1 5 
INELASTIC LABGE CEFLECTION STBESS STUCY BAPL 6 6 C 0 F+COM BS P T t G A P L 3 , R 3 9 7 
INFLASTIC SCAT X - S E C T I O N CALC MOOEBATCB GGA 1108 F4 BS P $ GAKEB, 2 8 9 
INELASTIC SCATTERING COC 1 6 0 4 F 6 3 RS P t HAFEVER, HAUSEB-FESHBACH 14 
INELASTIC SCATTEBING FORM FACTORS ORNL 350 F4 RS P T » 4 T H E N A 4 , 4 1 7 
INFLASTIC SCATTERING LAW CALC GGA 1 1 0 8 F4 BS P X S COHBE, COHERENT 385 
I N F I N I T E MEDIUM SPECTRUM X - S E C T I O N S A l 7C90 F+FAP RS L T » O U I C K I E , 1 1 9 
INFORMATION SYSTEM KAPL 5 6 0 0 F R 8 T » T I G I R 2 , MODULAR DOCUMENT R4C3 
INPUT PW 1 6 0 4 F 6 3 RS ( TOP, 2 - 0 PERTURBATICN TDC CB 2 CX Y FLUX 199 
INPUT , PREPARATICN, EDIT KAPL 6 5 0 0 F+ASC BS P T $ DATATBAN 2 - D GEOMETBY fi405 
INSTRUCTTCN SET PW 16Q4 F+CDP BS P T t LAG, ASSEMBLES FOR FL0CQ2 186 
INTERMECIATE POWER TRANSIENTS BAPL 6 6 0 0 F 4 PS P T $ C H I C - K I N , FAST + B473 
INTERVAL X - S E C T I O N SVEBAGING GGA 7 0 4 4 F4 RS P » GAVER, ENERGY 2 1 8 
INVFRSE K I N F T I C S CALC ANL 3 6 0 0 F 5 3 RSBP » B 1 0 2 , S PACE- INCEP ENDENT 158 
INVERSE K I N E T I C S CALC WANL 7 0 9 4 F4 RS » B 1 0 2 , SPACE- I NDEPENDENT 168 
IROAOIATED MATEBIAL GEC 7 0 9 0 FAR RSBP X T » SPECTRA, MC CALCULATION 4 2 2 
ISOCRUNCH, REACTION DECAY CHAIN ANALYSIS CRNL 1 5 0 4 F5 3 BS P I 180 
ISOCBUNCH, BEACTION DECAY CHAIN ANALYSIS OBNL 7 0 9 0 F2 BS P t 1 8 0 
ISOGFN, RADIONUCLIDE GENEBATION ANC CECAY BNW 1 1 0 8 FS RS8PL T $ 367 
ISOSEABCH, ISOTOPE PBODUCTION F L U X , X-SEC CALC OBNL 3 5 0 F + BAL BS P 5 3 2 2 
ISCSEARCH, ISOTOPE PRODUCTION F L U X , X-SEC CALC OBNL 1604 F63 BS P » 322 
ISOTOPE PRODUCTION F L U X , X-SEC CALC CPNL 360 F + EAL BS P I ISOSEARCH, 3 2 2 
ISOTOPE PROCUCTION FLUX, X-SEC CALC OBNL 1504 F 6 3 RS P » ISCSEARCH, 3 2 2 
ISOTOPES, MAXIMUM Y I E L D FPCM BEACTION OB CECAY OBNL 15C4 F53 RS P » 179 
ISOTOPIC BURNUP A N A L Y S I S GEV 6 3 5 F4 RS P T » BURNUP. HEAVY ELEMENT 3 1 1 
J I T E B , F l U C T U S T I C N EXPERIMENT ANALYSIS BAPL 66CC F4 BS P T » B394 
JNC n o p F l RS LX T $ LECPARD. SPECTRA CALCULATICN WITH CEPLETION 2 7 9 
JOSHUA, CATA STORAGE, R E T R I E V A L , AND D ISPLAY DP 36C F+BAL S T I 4 9 0 
J U P I T O R l , COUPLFD-CHANNEL X -SEC EVALUATION 0§NL 150-; F 6 3 RS P T i 3 0 8 
KAPL CALCOMP PLOTTING ROUTINES KAPL 6 5 0 0 F+CCM RS T ( KAPLPLOT. R 4 9 6 

T I G I B 2 , MCDULAB DOCUMENT INFOBMATICN SYSTEM R403 
S I M P L E l . T I M E - S H A R I N G PROGRAMMING LANGUAGE R 4 4 2 
C U R F I T , CURVE F I T T I N G EXPERIMENTAL CATA PCINTS R 4 3 
OATATPAN U T I L I T Y MODULES, 2-D + 3 -D PLCTTING R4C7 
DATATRAN 2 - C GEOMETRY I N P U T . PBEPABATIUN. ED IT R4C6 
DOGGY. DESK CALCULATCR FORM SHEET CP PACKAGE B428 
GEM, EIGENVALUE PROBLEM FOB V I B R A T I N G SYSTFMS R344 
L I C N . 3 - C TEMPERATURE C I S T B I P U T I O N PBOGBAM B 2 9 9 
L I Z A R D , NONLINEAR D I F F E B E N T I A L EONS. SCLUTICN fi445 
SNEC, NONLINEAB ALGEBBAIC EON SOLN CURVE PLOT R 3 t 4 
KAPLPLCT, KAPL CALCOMP PLCTTING ROUTINES R 4 9 5 
CATATBAN, MODULAR PBOGBAMMING AND DATA SYSTEM B386 
SORSOe. PRESSURE VESSEL STRESS AND FATIGUE R 3 9 1 

T i GASPAN, COMPLEX GAMMA-RAY SPECTRA ANALYSIS R485 
D Y N O l , PHOTOMULTIPLIER ELEGTPON 0 I STB I BUT ION R464 
MCST, A MULTIDIMENSIONAL O P T I M I Z A T I O N SCHEME R 4 4 6 
R A P P , H I G H - V E L C C I T Y FLOW STUDY STEAM-WATER MIX 8 3 8 2 
B A U M Z E I T , 1-D T IME-CEPENCENT D I F F U S I O N CALC R 3 5 2 
BOPE, F I N D I N G BCCTS CF A POLYNOMIAL B 4 4 4 
STEM, MATBIX GENERATICN FOR A SYSTEM CF BEAMS R 3 3 7 
S T I N T 3 , SINGLE-CHANNEL SPACE-T IME SYNTHESIS B 3 6 9 
TUBE, U-TUBE HEAT EXCHANGEB STBESS ANALYSIS B 3 7 8 
S 0 B 2 , STRESS ANALYSIS SHELLS CE REVOLUTION R 80 
3 C X T , C E P 3 . 3 - C XENON TRANSIENT + DEPLETION R 4 7 7 
F I N E L . F I N I T E - E L E ^ ' E N T STUDY 2 . 3 - C STRUCTURES R404 

; : p U r ^ T : ; ; P L C A L C O M P P L P T T I N G R P u l l i E S K A P L 6 6 0 0 F + OOM BS T , R 4 9 6 

KAPL 
KAPL 
KAPL 
KSPL 
KAPL 
KAPL 
KAPL 
KAPL 
KAPL 
KAPL 
KSPL 
KAPL 
KAPL 
KAPL 
KAPL 
KAPL 
KAPL 
KAPL 
KAPL 
KSPL 
KADL 
KAPL 
K4PL 
KAPL 
KAPL 

5 5 0 0 
65Cn 
6 6 T 
5 6 0 0 
56 OL 
6 6 0 0 
6 6 0 " 
66CC 
66EO 
66 0.D 
660C 
56 IJ 
56C,:J 

6 50O 
66,'>o 
6 5 0 0 
660'., 
6 5 0 0 
6 5 0 0 
56;:o 
5 6 C " 
650C 
55 0 " 
6 6 0 r 
6 6 « : 

F 
F + ASr 
F+A SC 
E + ASC 
F+ASC 
F + ASC 
F + ASC 
F+ASC 
F+ASC 
F + ASC 
F+CPM 
F+COM 
F4 
F4 
F4 
F4 
F4 
F4 
F 4 
F4 
F4 
F 4 
F4 
F4 
E4 

R B 
RS 
R 5 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 

P 
P 

r 
p 
p 
p 
p 
p 

RSB 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 

p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 

T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 

T 
T 

X 

t 

s 
I 
t 
I 
t 

( 
t 

% 
i 
i 

% 
i 

% 
t 

% 
s 
t 
t 

» 
i 
t 
i 
t 
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KE 3 6 0 0 F36 RSBP t WHAM. L I Q U I D - F I L L E D P I P I N G SYSTEM A N A L Y S I S 2 7 8 
KE 709O F2 RSBP $ NPRFCCP, FUEL CYCLE COSTS PERFORMANCE DATA 145 
KF 7 0 9 4 F+MAP RSBP T » SATURATED BL0W00WN2, BLOWDOWN ANALYSIS LOFT 200 
KE 7 0 9 4 F2 RSBP T $ P T H l , BLOWDOWN PRESSURE TEMPERATURE HISTORY 155 
KFNO, MONTE CARLO MULTIGBOUP C R I T I C A L I T Y CODE ORNL 360 F+BAL RSBPL CT S 450 
KERNEL CALC GGA 7 0 9 0 F2 RS T » S L M M I T . C R Y S T A L L I N E SCATTERING 55 
KEX OPTIONS ANL 3 6 0 0 E63 RSRP t R l O l . S PACE- INDE PENDENT K I N E T I C S 255 
KEX OPTIONS WANL 7 0 9 4 F4 RS P t R l O l . SPACE-INOEPENDENT K I N E T I C S 255 
K I N E T I C S Al 3 6 0 E4 RS P T $ T S N , SPATIALLY-DEPENDENT REACTOR 3 0 9 
K I N E T I C S A l 7 0 9 4 F + MAP BS P T t T S N , SPAT IALLY-CEPENCENT BEACTOB 309 
K I N E T I C S GGA 1108 E4 BS P t G A P O T K I N . SPACE-INOEPENDENT BEACTCB 317 
K I N E T I C S BCL 6 4 0 0 E4 RS P T $ ADEP, IC ANO 2D FEW-GROUP SPACE-TIME 494 
K I N E T I C S CALC ANL 3 5 0 0 F 6 3 BSBP t R 1 0 2 , SPACE-INDEPENDENT INVERSE 168 
K I N E T I C S CALC WANL 7 0 9 4 F4 RS » R 1 0 2 , SPACE- INDEPENDENT INVERSE 168 
K I N E T I C S CCDE ANL 3 6 0 F4 RS P T $ ANCON, SPACE- INDEPENDENT BEACTOB 466 
K I N E T I C S CODE ANL 3 6 0 F 4 RS PL CT $ Q X l , O U A S I S T A T I C S P A T I A L REACTOR 4 7 4 
K I N E T I C S CODE ANL 3 6 0 0 3 5 F RS PL OT t Q X l , O U A S I S T A T I C SPATIAL REACTOR 4 7 4 
K I N E T I C S CCDE LSSL 6 5 0 0 F4 RS P T $ ANCCN, SPACE - INCEPENCENT PEACTOR 485 
K I N E T I C S EONS GGA 1108 F4 RS P t GASA, S T A B I L I T Y ANALYSIS REACTCR 290 
K I N F T I C S KEX CPTIONS ANL 3 5 0 0 F53 RSBP I R l O l , SPACE-INDEPENOENT 255 
K I N E T I C S KEX OPTIONS WANL 7 0 9 4 F4 RS P » R l O l , S PACE- INDER EN DENT 255 
K I N E T I C S SNAP GEOMETRY A l 7 0 9 0 F 2 RS $ S N A P K I N S / S A . 1 - R E G I C N 122 
K I N E T I C S TEMPERATURE DIST STUDY AEB 3 5 0 E4 BS P S BLAST. BEACTOR 363 
K I N E T I C S TEMPERATURE FEEDBACK BAPL 5 6 0 0 F4 RS P T $ NOWIG, 1-C 2 -GP R371 
K I N E T I C S W/EFECPACK AT 7 0 9 4 F+MAP RS P T $ A I R O S . SPACE-INDEPENOENT 163 
K I N F T I C S W/FEEDBACK AEB 3 6 0 F4 RS P t A I R E K 3 . SPACE- INDEPENDENT 121 
K I N E T I C S W/FEECBACK 4 1 7 0 9 0 F 2 RS $ A I R E K 3 . SPACE-INCEPENDENT 121 
K I N E T I C S W/FEECBACK CCC 1 6 0 4 E63 RS P % A I R E K 3 . SPACE- INDEPENDENT 121 
K I N E T I C S WITH TEMP FEEDBACK GGA 1 1 0 8 F4 RS P T $ G A K I T , 1 - 0 MULTIGP 370 
K I N E T I C S 2 - 0 HEAT TRANSFER GGA 11C8 F + BAL RS P T t B L 0 0 S T 5 . COMBINED 303 
KSUN 3 6 0 F4 RS P t CORGAM, UNFOLDING OF COMPLEX GAMMA-RAY SPECTRA 390 
LAG, ASSEMBLER FOR FL0CO2 INSTRUCTION SET PW 1 5 0 4 F+CDP RS P T $ 185 
LAGl RS P $ CTX, EFFECTIVE X-SECTION CALC FBOM OSN OLTPUT PW 1 6 0 4 2 1 0 
LAGl RS P $ MGDSN, 1 - C MULT I -GP SN APPRCX SLAB CYL SPHERE PW 1504 211 
LANGUAGE KAPL 5 6 0 0 F + ASC RS $ S I M P L E l . T I M E - S H A R I N G PBOGBAMMING fi442 
LARCA, FLUX-WEIGHTING OE OT F4 CBOSS SECTIONS LASL 650C F4 RS P $ 4 0 9 
LARGE DEFLECTION STRESS STUDY BAPL 6 6 0 0 F + CCM BS P T » GAPL3, INELASTIC R397 
LASER, SPECTRUM CALC WITH BURNUP CYL L A T T I C E WAPD 7 0 9 4 F+MAP RS PLX T S 249 
LASL LEAST SQUARES, GENERAL CUBVE F I T T I N G LASL 7 0 9 4 F4 BS T $ 62 

TWOTBAN, 2 - C M U L T I - G P TRANSPORT COCE R-Z GEOM 358 
TWOTRAN, 2 -C M U L T I - G P TRANSPORT CODE R-Z GECM 358 
D A C l , SN PERTURBATION COCE US ING DTF4 FLUXES 455 
LARCA, FLUX-WEIGHT ING OF 0TF4 CRCSS SECTIONS 4 0 9 
ANCON, SPACE-INOEPENDENT REACTOR K I N E T I C S CODE 486 
C T E 4 , 1-C M U L T I - G F CISCBETE OBCINATE PBOGBAM 2C9 
GLEN. GBCUP CONSTANT CALC FRCM TCR CUTPUT CATA 3 6 1 
P H E N I X , 20 C I F F U S I O N BURNUP REFUELING HISTORY 454 
TOR, THERMAL SCATTEPING CRYSTALLINE MATERIALS 360 
TWOTRAN. 2 - 0 M U L T I - G P TRNSPT CODE XY RZ RTHETA 358 
2 C 8 . 2 - C MULTIGROUP D I F F U S I O N AND DEPLETION 325 
3 D 0 T , 3D MLLTIGBOLP D I F F U S I O N XYZ B - T H E T A - Z 4 6 3 
RATH, 2 - OB 3 - D HEAT CONOLCTION LUMPED MASS 242 
D T F - B U R N , 1 -C M U L T I - G P DTF4 WITH CEPLETION 269 
D T F 4 . 1-D M L L T I - G P DISCRETE OBCINATE PBOGBAM 2 0 9 
W I R E X , COMPUTER-PRODUCED WIR ING L I S T S UHTREX 315 
D P C . DATA PREPARATION FCR 2 - C CESIGN PROGRAMS 234 
MCS. MONTE CARLO NEUTRON PENETRATICN STUOY 202 
ZOT, GROUP-COLLAPSING OF M U L T I - G P X - S E C T I O N S 113 
RATH. 2 - CB 3 - D HEAT CCNDUCTICN LUMPEC MASS 242 
AXFLU, HEAT TRANSFER MOLTEN FLEL TUBE BUNDLES 182 
AXTHBM. HEAT TRANSFER S O L I D FUEL TUBE BUNDLES 183 
LASL LEAST SQUARES, GENERAL CURVE F I T T I N G 6 2 

BS t HEXSCAT, ELASTIC SCAT X - S E C T I O N S HEX 2 9 1 
LX T i LASER, SPECTRUM CALC WITH BURNUP CYL 249 

LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LSSL 
LASL 
LASL 
LASL 
LASL 
LASL 

1108 
H O B 
66C0 
5 5 0 0 
5 6 0 0 
66CC 
6 5 0 0 
5 5 0 0 
6 5 0 0 
6 6 0 f l 
6 6 0 0 

56rc 
7 0 3 0 
703C 
7 0 3 0 
7 0 9 0 
7 0 9 0 
7 0 9 0 
709O 
7 0 9 4 
7 0 9 4 
7 0 9 4 
7 0 9 4 

L A T T I C E 
L A T T I C F 

F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F 4 
F4 
F4 
E4 
F4 
F4 
F4 
F + FAP 
F+FAP 
FLOCO 
FLOCO 
FAP 
F2 
F2 
F4 
GGA 
WAPD 

RS 
RS 
BS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

P 
P 
P 
P 
P 
P 
P 

RSBP 
RSBP 
RS 

H O P 
7C9« 

1 F4 
( E + 

T 
T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 

T 

T 

t 

$ 
% 
t 
t 

$ 
t 
t 

$ 
$ 
$ 
S 

$ 
t 

% 
$ 
t 
1 
i 
i 
t 
t 
t 

1 
MAP 
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LATTICE EFFECTS GGA 7 0 4 4 F+MAP RS P T $ CAROL. BESONANCE OVERLAP AND 2 1 9 
LATTICE EFFECTS LEO 7-194 F+MAP RS P T $ GAROL. RESONANCE OVERLAP AND 2 1 9 
LATTICF PARAMETERS HETEROGENEOUS CALC FMA 7 0 9 0 F2 RSBP X S H E R E S Y l , 136 
LFAKAGE A l 709C F 2 RS i F A R S E I A , DOSE RATE FRCM SNAP S H I E L D 9 1 
LEAST SQUARES ANALYSIS BESONANCE CATA U I L L 360 F 4 BS P S C O D I L L I . 3 4 7 
LFAST SQUARES EXPCNENTIAL CECAY CURVES LRL 7 0 9 4 F2 PS P S EXPALS. 3 2 1 
LEAST SOUAPFS F I T F I S S I L E NUCLIDE DATA BAPL 65CC F4 RS P T $ CAFTl , B327 
LEAST SQUARES F I T SUM OF EXPONENTIALS MIT 7 0 9 0 F 2 RS P % F R A N T I C , 324 
LFAST SQUARES PHOTOPEAK SPFCTPA CCCE PNWL 1 1 0 8 F + BAL RS P T $ GSSLRNIB, 4 5 7 
LEAST SQUARES TR SNSMUT AT lUN A N A L Y S I S BNWL 1 1 0 8 E5 RS P T $ D B U F I T I , 4 5 6 
LFAST SQUARES. GENERAL CURVE F I T T I N G LASL 7 0 9 4 F4 RS T $ LASL 62 
LFGC0FF3 , LEGENDRE COEF CALC FOR ANGULAR D I S T GGA 7 0 4 4 F4 RS P X t 2 1 7 
LFGENCBE COEF CALC FOB ANGULAR D I S T GGA 70^14 F4 RS P X i LEGCCEF3, 2 1 7 
LFGENDRE COEF CALC FCR ANGULAR D I S T CATA A l 7 0 9 4 F+MAP RS P » CHAD, 2 1 5 
LFOPAPD, SPECTRA CALCULATION WITH D E P L E T I O N JNC 110 8 FS BS LX T I 2 7 9 
LECPARD, SPFCTPA CALCULATION W I T H CEPLETION WAPD 3 6 0 F4 RS PLX T % 2 7 9 
LFR 7090 F + MAP R S P T $ TDSN, 2 - D MULTIGRCUP CISCRETE CROINATE PROGRAM 312 
LFR 7094 F+MAP RS P T $ GARCL. RESCNANCE OVERLAP AND LATT ICE EFFECTS 2 1 9 
LEP 7 0 9 4 F4 RS P T I C T F 4 , 1-C M U L T I - G P CISCBETE OBOINATE PROGRAM 2C9 
LETO, 1-D SLAB GAMMA-RAY TRANSPORT PAPL 5 6 0 0 F4 RS P T » M 0 7 5 6 , R 3 4 3 
L IB AT 3 6 0 F4 RSBPLX T t CAESAR4.L I B L S T . 1 - 0 M U L T I - G P D I F F U S I C N + 2 7 0 
LIR SC0PE3 .2 CDC 6 6 0 0 F + COM RS T $ MOCEL. M O D I F I E D B E T T I S ENVIRNMNTL R 4 7 e 
LIR SCOPE3 .3 CDC 6 6 0 C F+COM RS T 1 M Q D E t . M C D I F I F O B E T T I S ENVIRNMNTL B478 
L I B . P + W 66'JO F + ASC RS T $ B E T T I S ENVIRONMENTAL R O U T I N E S , SUBROUTINE R 4 7 8 
L I B . BAPL 6 6 0 0 F+A5C RS T * B E T T I S E NV IBCNMENT AL ROUTINES. SUBROUTINE 8 4 7 8 
L I B L S T , 1-C M U L T I - G P O I F F U S I O N + L I B Al 360 F4 RSBPLX T t C4ESAR4, 270 
L I B R A R I E S , MUFT4 CR 5 + GAMl + GAM2 WNES 650C BOO R L T « ETOGl OATA 4 4 7 
LIBRARY LRL 7 0 9 4 F + FAP RS PL T $ E C S I L , EXPERIMENTAL NEUTRCN DATA 351 
LIBRARY CROUP CCLLAPSING APRF 66CC F4 RS « A P R F X l , 9 9 - G P O L C - 2 8 4 6 6 
LIRRARY MAINTENANCE GFSJ 6 3 5 F4 BS P T $ TROUT, MUG MULTIGROUP XSEC 4 9 3 
LIBPABY PREPARATION GGA 1 1 0 6 F4 RS P X T t GANO, GAFGAR X - S E C T I Q N 345 
LIBBABY SERVICE ROUTINES ANL 3 6 0 0 35F RSBP T t MER MC 2 , MAG I C , M C * * 2 4 7 2 
LIBRARY TAPE MAINTENANCE ANL 3 5 0 F4 RS » MERMC2, M C * * 2 BINARY 4 7 2 
LIBRARY TAPF PREPARATION PW 15C4 F 5 3 RS » C S P I . SN X - S E C T I C N 194 
LIRRARY TAPF PREPARATION PW 1 6 0 4 F 5 3 RS « C SP 2 4 , SN X - S E C T I O N 193 
LIRRARY U T I L I T Y PROGRAM Al 7 0 9 4 F + FAP RS L T » MOMUS, X - S E C T I D N 159 
LI8BSRY U T I L I T Y ROUTINE ANL 35CC F 6 3 RSBP T t X L I B I T . X - S E C T I C N 181 
LIRRARY U T I L I T Y ROUTINE SI 3 6 0 F4 RSB L 'T » C L I P . FORM OR THREDES 2 7 1 
L I F F T I M E A N A L Y S I S ANL 36CC F36 RSBP J SWELL2. FUEL ELEMENT 353 
L I E E l , EAST RESCTOR FUEL ELEMENT BEHAVIOR ANL 36C F4 RS P T $ 4 6 0 
LINFSR E L A S T I C STRUCTURAL CYNAMICS BAPL 5 6 0 0 F4 BS P T « M 0 2 6 6 , R 3 6 3 
LINFAR ELAST IC SYSTEMS RAPL 66C0 F4 RS P T » M 0 5 5 2 , CYNAMIC ANALYSIS R283 
L I O N , 3 - 0 TEMPERATURE D I S T R I B U T I O N PROGRAM CHI 1 1 0 8 F4 RS P T » R 2 9 9 
L I O N , 3 -D TFMPFBATUBE D I S T R I B L T I O N PROGRAM KAPL 6 6 0 0 F+ASC RS P T 1 R 2 9 9 
L I P P E C A N l , ME NEUTRON PENETRATION CALCULATION DAC 7 0 9 0 F2 RSBP » 123 
L I Q U I C RLOWDOWN ANALYSIS LOFT UGA 3 6 0 F4 RS P » WATER-HAMMER. 2 7 6 
L I Q U I D - F I L L E D P I P I N G SYSTEM ANALYSIS KE 3 6 0 0 F36 RSBP » WHAM, 278 
L I S T F C , C I C T I O N , F T C . BNL 5 5 0 0 F4 R S T $ CREC T,CHEC KEB, BIGE L , P L C T F B , 4 7 5 
L I S T S UHTREX LASL 7 0 9 0 E+FAP RS P » W I R E X , CCMPUT Efi-PROOUCE C WIRING 315 
L I Z A R D , NONLINEAR D I F F E R E N T I A L E Q N S . SOLUTICN KAPL 6 5 0 0 F + ASC BS P T « B44S 
LMFBR ROD BUNDLE GESV 5 3 5 F4 RS P T » V E L V E T 2 . TURBULENT FLOW I N 4 5 8 
LOAD GGA 7C44 F4 RS P T $ S A F E - P C R S . STRESS ANALYSIS AXISYMMETRIC 2 5 0 
LOAD BAPL 660C F4 BS P T » SEALSHELL2 , SHELL STBESS ANALYSIS AXISYM R282 
LCAD GGA 7 0 4 4 E4 RS P T $ S A F E - A X I S Y M , STRESS ANALYSIS AXISYMMETRIC 2 5 1 
LOFT KE 7C94 F + MAP RSBP T » SATURATED 8L0WD0WN2 . BLOWDOWN ANALYSIS 2 0 0 
LOFT UGA ^50 F4 RS P » WATER-HAMMER. L I Q U I D BLOWDOWN ANALYSIS 2 7 8 
LOSS-OF-CCCLANT £ EMERGENCY COOLING BCL 5 4 0 0 F4 RS P T » ECCSA4. 33C 
LOSS-OF-COOLANT ACCIDENT A N A L Y S I S BAPL 5 6 0 0 F4 RS P T » F L * S H 3 . B 2 9 5 
LCSS-CF-COOLANT ACCIDENT A N A L Y S I S PPCO 7 0 4 0 F+MAP BS P T » CCNTEMPT, 2 9 7 
LCSS-CE-CCCLANT ACCIDENT ANALYSIS BAPL 5 6 0 0 F4 RS P T » ^ O S S S . A C T l , R 2 e 4 
LCSS-CF-COOLANT THERMAL A N A L Y S I S BCL 5 4 0 0 E4 RS P T » ^ U B L O C - l . O , 328 
LRL 7 0 9 F2 RS $ F I R N , 2 - D FEW-GP S4 APPROXIMATION RZ GEOMETRY 7 
LBL 7 0 9 0 F+FAP RS P T $ S O P H I S T I / 2 / 5 , M U L T I - G P TBANSFEB C O E F F I C I E N T S 160 
LBL 7 0 9 0 F2 RS P » CONEC. COUPLED NE L TBONIC 5-HYDBOD YNAMIC S SPHEBE 1 2 9 
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LRL 7 0 9 4 F + FAP R S PL T $ E C S I L . EXPERIMENTAL NEUTRON DATA LIBRARY 
LRL 7 0 9 4 F2 RS P $ EXPALS, LEAST SQUARES EXPONENTIAL DECAY CURVES 
LSBR FUEL SWELITNG TEMPERATURE STUDY BAPL 56CC F4 PS P T t F I G R O , 
LUMPEC MASS LASL 7 J 3 0 F4 RS T $ R A T H , 2 - OP 3 - D HEAT CONDUCTION 
LUMPED MASS LSSL 7 0 9 4 FAP RS P T $ RATH, 2 - OR 3 - C HEAT CONDUCTION 
L Y N N F , WOODS-SAXON POTENTIAL SHAPE CALCULATICN ORNL 709C F2 RS 
MAC, SHIELD CESIGN MULTIGRCUP SLAB GECMETRY ANL 36CC F63 RSBPL T 
MAC, SHIELD DESIGN MULTIGROUP SLAB GECMETRY BNW 7 0 9 0 F2 RSBPL T 
M A C H l , 1 -C MULT I -GP D I F F U S I O N SLAB CYL SPHERE ANL 3 6 0 0 F 3 5 RS P X T 
M A C H l , 1 - D MULT I -GP D I F F U S I O N SLAB CYL SPHERE PURO 6 5 0 0 F4 RS PLX T 
MAD RSR $ B U R P l , DETECTOR E F F I C I E N C Y POINT SOURCE UM 7 0 9 0 
MAO RSB i RUBP2, DETECTOR E F F I C I E N C Y DISK SOURCE UM 7C90 
MAD RSR t PURP3, DETECTCR E F F I C I E N C Y POINT SOURCE UM 7 0 9 0 
MAC RSR t SURP4, GAMMA-RAY PHOTOFRACTION SOLID CRYSTAL UM 7 0 9 0 
MAD RSR i BURPS, GAMMA-RAY PHOTOFRACTION WELL CRYSTAL UM 7 0 9 0 
M 6 G I C , M C * * 2 LIRRARY SERVICE ROUTINES ANL 3 6 0 0 3 6 F BSBP T % MERMC2, 

BAPL 66CC F4 RS P T t M A N E l , RECTANGULAR 
RS $ MERMC2. M C » * 2 BINARY LIBRARY TAPE 

BS P T » TBOUT, MUG MULTIGBCUP XSEC LIBBABY 
RS P T J FUMBLE. FAST REACTOR FUEL BURNUP + 

MAGNETIC NETWORK SOLUTION 
MAINTENANCE ANL 3 5 0 F4 
MAINTENANCE GESJ 5 3 5 F4 
MANAGEMENT GESV 6 3 5 F4 
M A N E l , RECTANGULAR MAGNETIC NETWORK SOLUTICN BAPL 5 5 0 0 F4 
MANTA, STEACY-STATE THERMAL-HYDRAULIC ANALYSIS NED 6 3 5 F4 
MANTA, STESCY-STATF THERMAL-HYDRAULIC ANALYSIS WARD 66CC F4 
MARS, 2 - 0 EXCURSION CALCULATICN R-Z GECMETBY APDA 7 0 9 4 F4 
MASS LASL 7 0 ^ 0 F4 RS 
MASS LASL 7 0 9 4 FAP RS 
MATEP lAL GEC 709C FAP 

BS P T J 
RS P T $ 
R S P T t 
RS P J 

T $ RATH. 2 - OR 3 - 0 HEAT CONDUCTION LUMPED 
P T » RATH, 2 - OR 3 - D HEAT CONDUCTION LUMPED 

RSBP X T t SPECTBA. MC CALCULATICN IRRACIATED 
MATEPIAL BUCKLING CYL FUEL ELEMENTS AEB 360 F4 R S P » WELWING. 
MATERIALS LSSL 5 6 0 0 F4 RS P T $ TOR, THERMAL SCATTERING CRYSTALLINE 
MATRICES AGC 7 0 9 0 F 2 RS P T » A G N - S I G M A . CALC OF M U L T I - G P TRANSFER 
MATBIX GENEBATION FOR A SYSTEM OF BEAMS KAPL 5 5 0 0 F4 RS P $ STEM, 
MAXIMUM MOMENT CALC Al 7 0 9 0 F+FAP BS T $ 4RESTRAINT P I P E STRESS. 
MAXIMUM Y I E L D FROM REACTION OR DECAY ORNL 16C4 F 5 3 RS P $ I S O T O P E S . 
MC CPNL 3 5 0 F+BAL RS P T $ RAFFLE. 1ST FL IGHT C O L L I S I O N P R O B A B I L I T I E S 
MC OBNL 7 0 9 0 F+FAP RS P T » R A F F L E . 1ST FL IGHT C O L L I S I O N P R O B A B I L I T I E S 
MC CALCULATION IRRACIATED MATERIAL GEC 7C9C FAP RSBP X T $ SPECTRA, 
MC NEUTRON PENETRATION CALCULATICN CAC 7 0 9 0 F2 RSBP I L I P R E C A N l . 
MC NEUTBON, GAMMA-RAY H I S T O B I E S PW 1 6 0 4 F+CDP RS P X T $ F M C - N , F M C - G , 
MC**2 BINARY LIBRARY TAPE MAINTENANCE ANL 350 F 4 RS t MERMC2, 
M C * * ? DATA CONVERSION 
M C * * ? DATA CONVERSION 

ANL 3 6 0 F4 RS P 
APDA 36C0 ASAF4 RS P 

T $ ETOE. ENDF/B TO 
T t ETOE. ENOF/B TC 

MC**2 LIBRARY SERVICE ROUTINES ANL 3 6 0 0 36F 
M C * * 2 , ENDF MULTIGROUP X - S E C T I C N CALCULATICN 
M C * * ? . ENCF MULTIGROUP X - S E C T I O N CALCULATION 
MCS. MONTE CARLC NEUTRCN PENETRATICN STUOY 
MFASUREMFNT ANALYSIS GEC 6 3 5 F4 RSBP 
MEASUREMENTS GGA 1 1 0 3 F4 
MEDIUM SPECTRUM X-SECT IONS A l 
MERMC2, M C * * 2 BINARY LIBRARY TAPE MAINTENANCE 
MFRMC2,MAGIC, MC**2 LIBRARY SERVICE ROUTINES 
MESH GGA 1 1 0 8 F4 RS P 
MESH GGA 1 1 0 8 E+BAL RS P T 

RSBP T t MERMC 2,MAGIC . 
ANL 3 5 0 F4 RS P T $ 
ANL 36CC F 3 5 RS P T $ 
LASL 7 0 9 0 FLOCO RS P $ 

» MICHRO. MICBCHABDNESS 
BS P T » T A C A S I . ANALYSIS CF RESONANCE 

7 0 9 0 F+FAP BS L T $ Q U I C K I E . I N F I N I T E 
3 5 0 F4 BS J 

350C 36F RSBP T $ 
T i GATT, 3 - D FEW-GP D I E F U S I O N CALC HEX-Z 

t G A M T R I , 2 - D MULTIGP D I F F U S I O N TRIANGULAR 

ANL 
ANL 

MESH COLLAPSING TRW-MMU 5 5 0 0 F4 RS P $ P A R T I , OPTIMAL GROUP OR 
MFTALLIC F I S S I O N PRODUCT RELEASE GGA 1 1 0 8 F4 RS P % FREVAP5 . HTGR 
MFTALS GEC 6 3 5 F + FAP RSBP T S CASCADE.CLUSTER . R A D I A T I O N DAMAGE I N 
MGDSN, 1 - 0 M U L T I - G P SN APPROX SLAB CYL SPHERE PW 1 6 0 4 L A G l RS P » 
MICHRD, MICROHARONESS MEASUREMENT ANALYSIS GEC 535 F4 RSBP $ 
MICROHARDNESS MEASUREMENT ANALYSIS GEC 6 3 5 F 4 RSBP $ M ICHRO. 
M I S H - M A S H , RESONANCE INTEGBAL CALC HOMOGENEOUS ANL 3 6 0 0 F35 BSBP $ 
M I S T , 1 - 0 FEW-GP SN DOUBLE SN APPROX SLAB GEOM PPCO 7 0 9 0 F2 RS P $ 
M I T 3 5 0 F+BAl BSBP T t PCQS. 2 - C FEW-GBOUP D I F F U S I O N ANO DEPLET ION 
M I T 3 6 0 F 4 RS P T » SAB0B4. DI SCBE T E-ELEMENT A N A I Y S I S T H I N SHELLS 
MIT 7 0 9 0 F? RS P $ F R A N T I C . LEAST SQUARES F I T SUM OF EXPONENTIALS 
MIX KAPL 5 6 0 0 F4 RS P » RAPP, H I G H - V E L O C I T Y FLOW STUOY STEAM-WATER 

351 
321 

R272 
242 
242 
381 
143 
143 
262 
262 
154 
165 
166 
169 
170 
'.72 

B412 
^172 
493 
480 

R'il2 
255 
256 
293 
242 
242 
422 
362 
36C 
243 

R337 
109 
179 
392 
392 
422 
123 
195 
472 
350 
350 
472 
355 
355 
202 
421 
410 
119 
472 
472 
380 
401 
416 
301 
419 
211 
421 
421 
214 
59 

R336 

R402 
324 

R382 
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ML-1 F L U I D FLCW EXPERIMENT ANALYSIS AGC 7 0 9 0 F2 RS P t C R D C 9 0 . 154 
MODE BAPL 66CC F4 R S P « R E L O I . R E L I A B I L I T Y FDR A SINGLE FAILURE R 4 9 7 
MODE FAST RFACTOR X - S E C CALC BNW 1 1 0 8 F4 RS P T $ FC C 4 , FUNDAMENTAL 306 
HODERATOB GGA 1 1 0 8 F4 RS P t GAKER, I N E L A S T I C SCAT X - S E C T I O N CALC 2 8 9 
HDDFBATOR SPACE CHOBD D I S T FUNCT AEG 7 0 9 0 F 2 RS t DANCOFF J R , ISO 
MDOIEIED B E T T I S ENVIRNMNTL L I R S C 0 P E 3 . 2 CCC 6 6 0 0 F+COM RS T $ MODEL, R 4 7 8 
MODIFIED B F T T I S ENVIRNMNTL L I R S C O P E S . 3 CCC 6 6 0 0 F+COM BS T $ MODEL, R 4 7 8 
MODULAR COCUMFNT INFORMATION SYSTEM KAPL 6 6 0 0 F R B T » T I G 1 R 2 . R403 
MODULAR PRCGPAMMING AND DATA SYSTEM KAPL 6 5 0 0 F + CCM BSE T ( DATATBAN, B 3 6 5 
MODULES. 2 - C + 3 - D P L O T T I N G KAPL 56C0 F + ASC BS P T » CATATRAN U T I L I T Y R407 
MC05, STOCHASTIC MOCEL OF NEUTRPN SLOWING-DDWN NPGS 360 F4 RS P X T t 4 9 1 
MOLTEN FUEL TURE RUNOLES LASL 7 0 9 4 E2 RSBP t AXFLU. HEAT TRANSFER 182 
MOMENT CALC A l 7 0 9 0 F+FAP RS T $ 4RESTRAINT P I P E STRESS, MAXIMUM 109 
MOMUS. X - S E C T I C N LIPRARY U T I L I T Y PBOGBAM A l 7 0 9 4 F+FAP RS L T » 159 
MONTE CABLP CALC NEUTBON H I S T O B I E S GGA 7 0 4 4 F4 BS P T 1 F M C - N , 195 
MONTF CABLO CELL CALCULATION A l 3 6 0 F+BAL BS P X T » HWOCR-SAFE. 2 - D 3 0 7 
MONTE CARLC MULTIGRCUP C f i l T I C A L I T Y COCE ORNL 360 E+BAL RSBPL CT % KENO, 4 5 0 
MCNTE CARLO NEUTRON PENETRATION STUOY LASL 7 0 9 0 FLOCC RS P » MCS. 2 0 2 
MCNTE CARLO SLCWING-DOWN DENSITY CALC A l 7 0 9 4 F + FAP RS PI T t TYCHE3. 1 4 9 
MORTIMER, DOSE RATE CALCULATICN SNAP GEOMETRY Al 7 0 9 0 F2 RS « 142 
MOST, A M U L T I D I M E N S I O N A L O P T I M I Z A T I O N SCHEME KAPL 56C0 F4 R S P 1 R446 
MUFFLE, F I S S I L E NUCLIDE X - S E C T I O N EVALUATION OBNL 709C F4 RSBP » 323 
MUFT FORMAT X - S E C T I P N S WNES 6 5 C 0 E4 RS P T $ E T O M l , t N C E / 8 FORMAT TO 4 3 6 
MUFT, GAM, A N I S N X - S F C FPRMAT WNES 66CC F4 B S PL T $ E T O G l , ENDF/B TO 4 3 7 
MUFT4 PB 5 + GAMl + GAM2 WNES 6 6 0 0 BCC B L T J ETOGl DATA L I B B A R I E S , 4 4 7 
MUG MULTIGPOUP XSEC L IBRARY MAINTENANCE GESJ 6 3 5 F4 BS P T $ TBCUT, 4 9 3 
MULTI-CHANNEL 2 - C 2 - P H A S E FLOW A l 7 0 9 4 F2 RS P » FLOW-MODEL. 2 4 6 
MULTI-GP CONSTANT CALC AGC 7 0 9 0 F + FAP RSBPLX T t AGN-GAM, FAST SPECTRUM 204 
MULTI-GP CONSTANT CALC 0 TO 10 MEV BC 625 F4 RS P X T t GAMTEC2, 185 
" L L T I - G P CCNSTANT CALC O TC l o MEV BNW 1 1 0 7 F4 R S PL I « GAMTEC2, 165 
MULTI-GP CONSTANT CALC 0 TO 10 MFV BNW 7 0 9 0 F + FAP BS PL T » CAMTEC2, 185 
MULTI-GP C I F F U S I O N UMCC 360 F4 R S P T » V A R I - Q U I R . T I M E - D E P 2 - 0 2 1 2 
MLLTI -GP D I F F U S I O N WANL 6 6 0 0 E4 BS P T » V A R I - Q U I R . T IME-OEP 2 - 0 2 1 2 
MULTI-GP D I F F U S I O N + L I B Al 3 5 0 F4 RSBPLX T % C AES AR4 . L IBLST . l - D 2 7 0 
MULTI-GP O I F F U S I O N DEPLETION COOE ORNL 7 0 9 0 F+FAP RS P T » ASSAULT. 2 - D 2 4 j 
MULTI-GP D I F F U S I C N PRPGRAM AAEC 3 5 0 F.BAL RS P T $ CRAM, 1-C AND 2 - D 1C3 
MULTI-GP C I F F U S I O N PROGRAM OBNL 709C F+FAP BS P T $ EXTERMINATOR. 2 - 0 155 
MULTI-GP C I F F U S I C N PfiOGRAM UK-B 7 3 9 0 F + FAP RSBPL T S CRAM, 1 - 0 AND 2 - 0 103 
MULTI-GP D I F F U - ^ I O N PROGRAM BC 5 2 5 E4 RS T » EX T ERM IN4T0B 2 , 2 - 0 156 
MULTI-GP C I F F U S I O N PROGRAM CE 560C F 4 RS P T » E X TEBMI NA TCR2 . 2 - 0 156 
MULTI-GP D I F F U S I C N PROGRAM CRNL 3 6 0 F4 RS P T » EXTEBMINA TOB 2 , 2 - 0 156 
MULTI-GP D I F F U S I O N SLAB CYL SPHERE BNw 1 1 0 7 F4 BS P T » HFN. 1 - 0 2 4 1 
MULTI-GP C I F F U S I O N SLA8 CYL SPHERE A l 709C F+FAP RS L T » F A I M . 1 -D 1 2 0 
MULTI-GP D I F F U S I O N SLAB CYL SPHERE A l 7 0 9 0 F + FAP RS PL T $ A I M 6 . 1-D 29 
MULTI-GP D I F F U S I O N SLAB CYL SPHERE CDC 16C4 F 6 3 BS PL T » A I M 6 . 1 - 0 29 
MULTI-GP C I F F U S I C N SLAR CYL SPHEBE CDC 1 5 r 4 F63 RS PLX T ( F A I M , 1-D 120 
MULTI -GP D I F F U S I O N SLAB CYL SPHERE Al 7 0 9 0 F+FAP RS L T » ULCER, 1 - 0 118 
MULTI-GP D I E F U S I O N SLAR CYL SPHERE ANL 35CC F 36 RS P X T » M A C H l , 1 -D 2 6 2 
MULTI -GP D I F F U S I O N SLAR CYL SPHEBE PUBC 5 5 0 C F4 RS PLX T » M A C H l , 1-D 2 6 2 
MULTI -GP O I F F U S I O N SLAB CYL SPHERE BHSC 3 5 0 F4 BS P T » F A I M O S , 1 - 0 120 
MULTI -GP C I F F U S I C N S Y N T H E S I S CALC NED 535 E4 RS PL T t B I S Y N , 2 - 0 2 8 7 
MULTI -GP D I F F U S I O N XY BZ GECMETBY GGA 1 1 0 8 F+BAL BS P T $ GAMBLES, 2 -D 2 2 2 
MULTI -GP C I F F U S I O N XY RZ GEOMETRY GGA 7 0 4 4 F + MAP PSBP T $ GAMBLE4, 2 - 0 2 2 2 
MULTI -GP D I F F U S I O N XY RZ RTH WANL 7 0 9 4 F4 RS P X T » V A R I - Q U I B 3 , 2 - 0 2 6 4 
M U L T I - G P DISCRETE ORDINATE CALC A l 7 0 9 0 F2 BS PLX T $ C T F 2 , 1 - 0 1 - 1 
MULT I -GP D ISCRETE ORDINATE CALC Al 3 6 0 E4 RSBPLX T » A N I S N , 1 - 0 1 5 1 
M U L T I - G P D I S C R E T E CROINATE CALC ANL 3 5 0 0 F36 RS P T » S N A R G - I D , 1 -0 266 
M U L T I - G P D ISCRETE ORDINATE CDDE UNC-LASL 1 5 0 4 F53 RS $ 2 D F , 2 - 0 173 
MULT I -GP O ISCRFTE CRCINATE PROGRAM ANL 36C F+BAL RS P T t D TF 4 , 1 - 0 2 0 9 
M U L T I - G P D I S C R E T E ORDINATE PROGRAM BC 6 2 5 E+MAP RS P T $ D T F 4 , 1-D 2 C . 
M U L T I - G P D ISCRETE ORDINATF PROGRAM LASL 6 6 C 0 F4 RS P T $ C T F 4 , 1 - C 2 0 9 
M U L T I - G P C ISCRETE ORDINATE PROGRAM LASL 70 30 F4 RS P T t 0 T F 4 , 1-D 2 0 9 
M U L T I - G P D I S C R E T E ORDINATE PRCGRAM LER 7 0 9 4 E4 RS P T » D T F 4 , 1-D 2 0 9 
M U L T I - G P DOURLE SN APPROX BNW 709C FLCCC RSBP T i G E - H A P C - S 1 3 , 1 - 0 75 
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M U L T I - G P CTF4 W I T H DEPLETION LASL 7 0 3 0 F I RS P T » D T F - B U R N , 1 - D 2 5 9 
M U L T I - G P FLUX SYNTHESIS PROGRAM CYL PW 1 5 0 4 F63 RS T » 2DXYL, 3 -D 192 
M U L T I - G P SN APPROX SLAB CYL SPHEBE PW 1 5 0 4 LAGl BS P » MGCSN, l - D 211 
M U L T I - G P SN APPBOX SLAB CYL SPHERE UK-W 709C F 2 RS P T » W - O S N , l - D 132 
M U L T I - G P SN APPROXIMATION BZ PW 1 6 0 4 F63 BS P T $ FORTRAN TDC, 2 - D 161 
M U L T I - G P SN APPROXIMATION XY GEOM AGC 7 0 9 0 FLCCO RSBP $ 2 D X Y , 2 - 0 18 
M U L T I - G P TRANSFER C O E F F I C I E N T S LRL 7 0 9 0 F+FAP RS P T $ S O P H I S T l / 2 / 5 , 1 5 0 
M U L T I - G P TRANSFER MATRICES AGC 7 0 9 0 F2 BS P T $ AGN-SIGMA, CALC OF 243 
M U L T I - G P TRANSPORT CODE R-Z GEOM LASL 1 1 0 8 F4 RS P T $ TWOTBAN, 2 - D 358 
M U L T I - G P TRANSPCRT CCDE R-Z GECM LASL 1 1 0 8 F4 R S P T $ TWOTRAN, 2 - D 358 
M U L T I - G P TRANSPORT COOE X - Y GECM ANL 3 6 0 F4 RS P T $ TWOTRAN, 2 - 0 358 
M U L T I - G P TRNSPT COCE XY RZ RTHETA LASL 660C F4 RS P T t TWOTRAN, 2 - D 358 
M U L T l - G P X - S E C T I C N S LASL 7 0 9 0 FLCCO BS P $ ZOT, GBOUP-COLL APS ING OF 113 
M U L T I - G P X - S E C T I O N S EAST THERMAL SPECTRA GGA 110 8 F4 RS PLX T $ GGC4, 298 
MULT I -GP X - S E C T I O N S FAST THERMAL SPECTBA GGA 6 5 0 0 F 4 RS L T $ GGG4, 298 
M U L T I - L E V E L CONVOLUTION PPCC 7 0 4 0 F + MAP PS P $ COMBCO, COMBINED B-W 203 
M U L T I - P I N FUEL ELEMENT AGC 7 0 9 0 F2 RS P t BOUNCE, ELUX D I S T I N 237 
MULTIDIMENSIONAL O P T I M I Z A T I O N SCHEME KAPL 5 6 0 0 F4 RS P $ MOST, A R446 
MULTIGP ORNL 3 5 0 F4 RS P T » C I T A T I O N , 1 , 2 , 3 - D D I F F U S I O N CEPLETIQN 387 
MULTIGP CCNSTANTS BNWL 1 1 0 8 E4 RS PLX T $ HRG3, SLOWING-OOWN SPECTRUM, 4 5 7 
MULTIGP CONSTANTS FPOM ENCF/B FOB ICX HECL 1108 F4 BS P X T $ E T 0 X 2 . 368 
MULTIGP D I F F + IGP DEPLETION GESV 535 F+GMP BS P T $ S Y N . 2 0 SYNTHESIS 4 9 5 
MULTIGP O I F F U S I O N Tfi lANGULAR MESH GGA 1108 F+BAL RS P T $ G A M T R I . 2 - D 4 0 1 
MULTIGP DIFFUSION+BURNUP T R I - M E S H GGA 1 1 0 8 F+BAL RS P T $ B U G T R I . 2 - D 4 3 9 
MULTIGP K I N E T I C S WITH TEMP FEEDBACK GGA 1 1 0 8 F4 RS P T $ G A K I T . 1 -D 370 
MULTIGROUP CONSTANTS CRNL 360 F4 BS PLX T $ XSDRN. DISCRETE ORDINATE 393 
MULTIGROUP C R I T I C A L I T Y CODE ORNL 3 6 0 F+BAL RSBPL C7 t KENC. MONTE CARLO 450 
MULTIGROUP D I F F U S I O N + BURNUP XY, RZ GGA 11C8 F+BAL RS P T » 8 U G 2 . 2 - 0 4 3 8 
MULTIGROUP D I F F U S I C N + SN THEORY GESV 6 3 5 F4 RS P T $ D 0 T 2 D B , 2D 4 5 9 
MULTIGROUP D I F F U S I O N ANO DEPLETION ANL 3 6 0 0 E4 RSBP T $ 2 D B . 2 - 0 325 
MULTIGROUP D I F F U S I O N AND CEPLETION BNW 1 1 0 8 F4 BS P T t 2 D B . 2 - D 325 
MULTIGROUP D I F F U S I C N ANO CEPLETICN LASL 6 6 0 0 F4 BS P T $ 2DB. 2 - 0 325 
MULTIGROUP D I F F U S I O N ANO OEPLETICN GGA 1 1 0 8 F4 RS P T » F E V E B 7 . 1 - 0 318 
MULTIGROUP D I F F U S I O N OEPLETICN A l 360 F4 BSBP X T $ S I Z Z L E , 1-D 58 
MULTIGROUP D I F F U S I O N DEPLETION Al 7 0 9 0 F2 BS L T $ S I Z Z L E . 1 - 0 58 
MULTIGROUP O IFFUSION DEPLETION COC 1504 F 6 3 RS L T $ S I Z Z L E , 1 - D 58 
MULTIGROUP D I F F U S I O N SLAB, S P H . CYL GGA 1 1 0 8 F+BAL RS P T t G A Z E 2 . 1 -0 4 3 0 
MULTIGROUP D I F F U S I O N XYZ R - T H E T A - Z LASL 5 6 0 0 F4 BS P T t 3DCT, 30 463 
MULTIGROUP CISCRETE ORDINATE CALC UNC 1 6 0 4 F 6 3 R S PL T $ D T F . l - D 144 
MULTIGRCUP DISCRETE CROINATE PROGRAM LER 7 0 9 0 F+MAP RS P T $ TDSN, 2 - D 312 
MULTIGROUP SLAB GEOMETRY ANL 3 5 0 0 F 6 3 RSBPL T $ MAC, SHIELC CESIGN 143 
MULTIGRCUP SLAB GECMETRY BNW 7 0 9 0 F2 RSBPL T $ MAC, SHIELD DESIGN 143 
MULTIGROUP TIME-DFPENDENT D I E F U S I O N GGA 1 1 0 8 F4 RS P T J G A K I N , 1-D 310 
MULTIGROUP X - S E C T I O N CALCULATION ANL 350 F4 RS P T $ MC**2 , ENOF 355 
MULTIGROUP X - S F C T I C N CALCULATICN ANL 3 5 0 0 F36 RS P T t M C * * 2 . ENDF 355 
MULTIGROUP XSEC LIBRARY MAINTENANCE GESJ 5 3 5 F4 RS P T $ TROUT. MUG 493 
MULTILEVEL B-W X-SEC CALC BNL 65C0 F4 RS P $ S I G P L C T , RESOLVED 377 
MULTILEVEL B-W X-SEC CALC BNL 7 0 9 4 F4 BS P $ S I G P L O T . RESOLVED 377 
MUSCAT, VIEW FACTOR S H I E L D I N G CODE CAVITY GECM GGA 1 1 0 6 F4 RS P T $ 2 5 9 
M O i n ? ) , PCINT CEPLETION F I S S I O N PROCUCT DP 3 5 0 F + BAL RS P T $ C I N D E R ! 313 
M O l O ? , POINT DEPLETION F I S S I C N PRCCUCT BAPL 5 6 0 0 F4 BS P S G I N D E B . 313 
M 0 2 1 9 . PWR FLOW TRANSIENT ANALYSIS BAPL 6 6 0 0 F4 RS P T » F L O T l . R331 
M C 2 6 6 , LINEAR ELASTIC STRUCTUBAL CYNAMICS BAPL 6 5 0 0 F4 BS P T $ B383 
M 0 4 5 7 , P I P E , ELASTIC STRESS CF P I P I N G SYSTEM BAPL 5 6 0 0 F4 RS P T $ R329 
M 0 5 5 ? . DYNAMIC ANALYSIS L INEAR ELASTIC SYSTEMS BAPL 66CC F4 RS P T $ R283 
M O S S S . A C T l . LCSS-CF-COOLANT ACCICENT ANALYSIS BAPL 6 6 0 0 E4 RS P T $ R 264 
M 0 6 2 6 , POLYNOMIAL CURVE F I T T I N G BAPL 65Q0 F4 RS P T S M 0 5 6 1 , M 0 5 5 7 , R411 
M 0 6 4 8 . 1 - D SLAR TRANSPURT WITH SLOWING DOWN BAPL 560C F4 RS T » B342 
M 0 6 5 7 , M C 6 2 6 , POLYNOMIAL CURVE F I T T I N G BAPL 5 6 0 0 F4 BS P T $ M 0 5 5 1 , B 4 1 1 
M 0 6 6 1 , M O 6 5 7 , M 0 5 ? 5 , POLYNOMIAL CURVE F I T T I N G BAPL 6 6 0 0 F4 RS P T J R 4 1 1 
M 0 7 5 6 , L E T C , I - D SLAR GAMMA-RAY TRANSPCRT BAPL 6 5 0 0 F4 RS P T $ R343 
M C 8 0 7 , 2 - 0 O I F F U S I O N ABSORPTION REMOVAL X-SECS BAPL 6 5 0 0 F4 RS T $ R280 
M 0 8 9 0 , H O H , STEAM TABLES 1 4 . 5 - 2 5 3 6 PSIA ANL 150 ' i F 5 3 RS P $ R294 
M 0 8 9 9 , H 0 H , STEAM TABLES 1 4 . 5 - 2 5 3 8 FSIA BAPL 5 6 0 0 E4 RS P T $ R 294 
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«AP NFUTRCN- INCUOED GAMMA-RAY R A D I O A C T I V I T Y I I T R 7 0 9 4 F4 RSBPLX T J 314 
Trl'r 6 6 r , F4 " PS " ^ \ \ C H E C K E R . C R E C T , D A M M E T , P L C T F B , S L A V 3 . ENCE/B PRCC 3 8 4 

^ . » R R F X CCMPOUND NUCLEUS X - S E C T I O N CALC ANL 36CC E63 RSBP » 1 7 1 
NEARREX, COMPOUND NUCLEUS^ E X P N . A N A L Y S I S CE FULSEC NEUTRON SOURCE CATA 258 
l?r 6 3 5 F4 RS P T { F L A B E , 3-D R E A C T I V I T Y AND POWER O I S T R I B U T I C N 157 

256 
rucp 6 3 5 F4 RS P T J F L A R E , 3 -U R t A L M W l l l BIMU r u - c r ^ L. i j ,-> i , ju , . . , . 
Mcn 63S F4 RS P T t MANTA. S T E A C Y - S T A T E THERM AL-HYDRA UL IC A N A L Y S I S 
MfO 5 3 5 F 4 BS P T t RE A X . BESCLVEO BESONANCE EPITHERMAL X - S E C T I O N S 2 5 7 
' F O 6 ' 5 F4 BS P X T t EQRE2. FAST REACTOR EXCURSION C A L C U L A T I C N S 1 7 4 
NFO 6 ' ' 5 E4 BS PL T t E I S Y N , 2 - C M U L T I - G P C I F F U S I O N SYNTHESIS CALC 2 6 7 
NFO 2 0 0 0 E2 R S P t O O P I E . RESOLVED RESCNANCE X - S E C T I C N OSLO 177 
^ " '̂  RS P » RAPTURE, RESONANCE INTEGRAL X - S E C T I O N CALC 176 

. , r n 5 n r O F 7 R S P » b H A K I B , b K O I 1 H L L I - B V t r - M U L o i / , - . . ^ ^ . . - - > -

NEO 'OOP F4 RS P T » F O B E . FAST BEACTCB EXCUBSION CALCULATICNS 174 
: WORK SOLUTION BAPL 5 6 0 0 F4 BS P T , M A N E l . RECTANGULAB MAGNE C 
NEUTRON AGE C A L O U L A T I O N CF E N D F / B CATA BAPL 6 5 0 0 F4 BS P ; • ^ ^ ° ^ ^ ' " ^^^^ 
NFUTPON CATA L I R R A B Y LRL ^ C ^ ' ' F * ^ * " « J " ^ ^ T EC SI L . EXPER I E N^A 3 5 1 
NEUTPCN F L U X - D C S I M E T E B A C T I V I T Y RELATION GEC 6 3 5 F4 RSBP « D( ]b , 4 ^ | 
NEUTRnN H I S T O R I E S GGA 7 0 4 4 F 4 RS P T » F J - C - N , " O ^ J E C»RLC CALC 9 5 

:r;,:s ^"i^s "-"" •;!;%. "«. %"'•'> h ^ sir;? i " ' ? ; . ;;: 
s;;r„ =^. r.;; „Ss.;"c;.% ,3:2 .,;,."/; r,;;....... .., 
NEUTRON SPECTRUM X - S E C T I O N CALC A l 7 0 9 0 F2 RS PL T . ^ ^ ^ 
NEUTBON SPECTRUM X - S E C T I O N CALC ANL 3 6 3 0 F63 BS LX i » o i , 
N UTBCN SPECTRUM X - S E C T I O N CALC CCC 1 5 0 4 F 6 3 RS PL T , ECRM EA 51^ 
NEUTRON SPFCTRUM X - S E C T I O N CALC CCC 1 5 0 4 F63 BS PLX T G 1 ^ ^ ^ 
NEUTRON SPECTBUM X - S E C T I O N CALC , „ ^ " - Z ^ ^ ^ ' s ^ , ? % TEMPEST2 . THEBMAL 5 0 
NEUTPCN SPECTBUM X - S E C T I O N S * ' , ^ ° ^ , ^ ; * ' * ' ' ^ ' p t T t TEMPEST 2 T HERMAL 50 
NFUTRON SPECTRUM X - S E C T I O N S BHSC 3 6 0 E4 BS PL T t T t ' , 0 

NEUTBON SPECTRUM X - S E C T I O N S CDC 1 " 4 F 6 3 BS PL T ^ t | ^ ^ ^ ^ ^ ^ 

NEUTBCN X - S E C T I C N C A L C U L A T I C N BAPL 5 6 0 0 F4 BS P J ^ J . ^ ' ^ c , , COUPLED 145 

NEUTRON-HYDBODYNAMICS * " " * / ° ^ t r T ^ « , T Y I I TB 7 ^ 9 4 E4 BSBPLX T » NAP. 3 1 4 
NEUTBCN-INCUCFC GAMMA-RAY R f O ^ C T I V I T Y I I T R 7 0 9 4 F 4 „^.^^ „C 195 
NEUTPCN. GAMMA-RAY H I S T C R I E S PW l ^ ° % ! * " % ' s ^ i HATCHET. COUPLED 153 
NFUTBONICS-HYDRODYNAMICS CODE AGC ^ 0 ^ 0 / 2 B b * A X - T N T , COUPLED 1 9 1 
NFUTBCNICS-HYDPOCYNAMICS SPH PW ^ 1 " ° ^ ^ ^ * % . , " ^ ; 5 B P , A X I , COUPLED 102 
NEUTBONICS-HYDROOYNAMICS SPHERE , ^CC 3 5 0 0 F63 BSBP COUPLED 129 
NEUTRONICS-HYDRODYNAMICS SPHEBE LRl^ 7 0 9 0 F2 BS P » RS P T » 4C5 
NOAH. 1 -C CNE-GP S P A C E - T I M E ^ I F F U S ICN FEEDBACK BNL 5 6 0 0 H4 . ^ P X T » 4 6 8 
N O I S Y l , AUTO- AND C E P S S - S P E C T B A L OE^S ^ ES BNWL 1 1 0 8 F5 ^ ^ ^ ^ ^ 
N O I S Y l , AUTO- ANC " O S S - S P E C T B A L D E N S I T I E S B N - L ^ ^ ^ ' ^ S p , , J P L U S . 2 5 4 
NON-SPHFRICAL O P T I C A L MODEL " ^ - S J C ; ONS M 7 0 9 4 F2 ^ ^ ^ p ^ ^ ^ _ ^ ^ ^ 

NON-SPHERICAL O P T I C A L MODEL X - S E C T I O N S * ^ ^ - / " ° p . ^ S C BS P T $ SNEQ, B 3 6 4 
NONLINEAB ALGEBBAIC EQN SOLN CUBVE PLOT KAPL 6 6 0 0 E + ASC b , ^ , ^ , , 0 , R , , 5 
NONLINEAR D I F F E R E N T I A L EONS. SOLUTION KAPL 5 5 0 0 F+ASC BS R J p T 1 B 3 7 1 
NOWIG, 1-C 2 - G P K I N E T I C S TEMPFRATU E EE C K P L ^ 5 6 0 C ^ ^ ^ ^ SLOWING-OOWN 4 9 1 
NPGS 36C E4 RS P X T » ' ^ ^ ^ ^ ' ^ t ' ^ ^ " T , K E 7 0 9 0 E2 RSBP « 1 * * 
NPRFCCP. FUEL CYCLE COSTS PERFCRMANCE DATA KE 7 0 9 0 ^ C I N C A S , 3 5 4 
NUCLEAR EUEL CYCLE COST AND ECONOM CS COMM 3 5 0 F 4 RS ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ . ^ 

NUCLEAR EUEL CYCLE COST ANO ECCNOMICS « ^ p . " ° % ^ ^ pS P » POWEBCO. 340 
NUCLEAB S T A T I O N E L E C T B I C I T Y COSTS CBNL 1 5 0 4 ^ ^^^^^ ^ ^ , S C A D E . COMPOUND 4 8 2 
NUCLFUS REACTION A l 3 6 0 E+BAL R i ' ' NEABBEX, COMPOUND I T l 
NUCLFUS X - S E C T I C N CALC ANL 3 6 0 0 F 5 3 RSBP SOLUTION CF 1 3 4 

NUCLICE CHAIN EQUATIONS O ^ ^ ^ ^ " ? « O A F T l . LEAST SQUABES F I T F I S S I L E R 3 2 7 
NUOLICE CSTA BAPL 6 5 0 0 F4 " L ^ i 7 n 9 0 F4 BSBP t MUFFL E, E ISS I L E 3 2 3 
NUCLIDE X - S E C T I O N E V A L U A T I O N OR^,"" 7<^^0 E4 BSBP ^ ^ ^ p ^ j 3 ^ 

NUCY, SOLUTION OE N U C L I D E C H A I N EQUATIONS ORNL ^ 0 ^ 5 P T t 3 2 8 
N U B L P C - l . O , L C S S - C F - C O O L A N T THEBMAL A N A L Y S I S BCL 6 0 ^ ^ ^ ^ ^ ^ ^ ^ _ ^ ^ ^ 5 
ONE-GP S P A C E - T I M E D I F E U S I C N FEEDBACK BNL 5 6 C 0 F4 NON-SPHEB lCAL 2 5 4 
OPTICAL MODEL X - S E C T I O N S A l 7 0 9 4 E2 RS P T » . NON-SPHERICAL 2 5 4 
OPT ICAL MODEL X - S E C T I O N S ANL 3 6 0 0 F53 " S B P ^ » ' ^ ' ' ' - " ^ ' j p A R T I , 4 1 6 
OPTIMAL GROUP OR MESH COLLAPSING TRW-MMU 5 5 0 0 F 4 BS P 
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OPTIMIZATION Al 709C F2 RS 
PPTIMIZATICN Al 7090 F2 RS 
OPTIMIZATION OOSE CALC Al 

$ CROCK, SPACE POWER PLANT CESIGN 
i SHOCK. SPACE POWER PLANT DESIGN 

7094 F+FAP RS P 
O P T I M I Z A T I O N SCHEME 
OPTI M I Z A T I CN STUOY 

KAPL 6 5 0 0 F 4 
PW 1 6 0 4 E63 

RS P 
RS 

OPUS, POWER PLANT PEBFOBMANCE AND PBICE STUDY 

$ SHOE. S H I E L C WEIGHT 
$ MOST. A M U L T I D I M E N S I O N A L 
» WOPEXPRT. BEACTOB WEIGHT 
GGA 7 0 4 4 F+MAP RS P T $ 

ORDINATE CALC 
ORDINATE CALC 
ORDINATE CALC 
ORDINATE CALC 
ORDINATE CODE 

A l 7 0 9 0 F2 
A l 3 6 0 F4 
UNC 1 6 0 4 F 6 3 

ANL 3 5 0 0 F36 RS 
UNC-LASL 1 6 0 4 F 5 3 

RS PLX T $ D T F 2 , 1-D M U L T I - G P DISCRETE 
RSBPLX T S A N I S N . 1 - 0 M U L T I - G P CISCRETE 
RS PL T » D T F . 1-D MULTIGRCUP CISCRETE 
P T S S N A R G - I D . 1 - 0 M U L T I - G P DISCBETE 

BS 
PROINSTE MULTIGBOUP CONSTANTS ORNL 360 F4 
ORDINATE PBOGBAM 
ORDINATE PROGRAM 
ORDINATE PPOGBAM 
ORDINATE FROGBAM 
OBOINATE PROGRAM 

ANL 
BC 

LER 

360 F+BAL BS P 
525 F+MAP RS P 

LASL 6500 F4 BS P 
LASL 7030 F4 BS P 

7C94 E4 RS P 
OBOINATE PRCGRAM LEB 7090 F+MAP RS P 
ORDINATES SLAB GEOME RY BAPL 6600 E4 

T 
T 
T 
T 
T 

T $ 
RS 

t 2 C F . 2 - C M U L T I - G P CISCRETE 
RS PLX T $ XSDRN. DI SCRETE 

! C T F 4 , l - D M U L T I - G P DISCRETE 
D T F 4 . 1-D M U L T I - G P CISCRETE 
D T F 4 . 1-D M U L T I - G P DISCRETE 

1-D M U L T I - G P CISCRETE 

ORNL 
ORNL 
OPNL 
ORNL 
QRNL 
ORNL 
ORNL 
ORNL 
ORNL 
ORNL 
ORNL 
ORNL 

3 5 0 F+BAL RS P 
3 6 0 F+BAL RS P 
36C F + RAL RS P 
350 F+BAL RSePL CT 
36C F4 RS P 
360 F4 RS P 
3 5 0 F4 RS P 
36C F4 RS P 
360 F4 R S P 
3 6 0 F4 RS P 
350 F4 RS P 
360 F4 RS PLX 

ORNL 1 5 0 4 F63 RS P 
ORNL 16C4 F63 RS P 
ORNL 1 6 0 4 F63 RS P 
OBNL 1604 F53 RS P 
ORNL 1 6 0 4 F63 RS P 
ORNL 1504 F63 RS P 
ORNL 1 5 0 4 F 6 3 RS P 
ORNL 7090 F+FAP RS P 
ORNL 7 0 9 0 F+FAP RS P 
ORNL 7 0 9 0 F+FAP RS P 
DRNL 7 0 9 0 F2 
ORNL 7 0 9 0 F2 
ORNL 7 0 9 0 F2 
OBNL 709O F2 
ORNL 7 0 9 0 F2 
OPNL 7 0 9 0 F2 
ORNL 7 0 9 0 F2 
ORNL 709(1 F 4 
O S C I L L A T I O N 
OUTPUT PW 

BS 
RS P 
RS P 
RS P 
RS P 
RS P 
RSBP 
RSBP 

CE 
16C4 LAGl 

OUTPUT DATA LASL 6 6 0 0 F4 RS P 
OUTPUT GGA 1 1 0 8 FS RS P T $ 
OUTPUT TAPE E D I T REACTION RATES 
OVERLAP ANC L A T T I C E EFFECTS GGA 
OVERLAP AND L A T T I C E EFFECTS LFR 

$ 
i 
i 0 T F 4 . 
$ D T F 4 . l - D M U L T I - G P CISCRETE 
TDSN. 2 - D MULTIGROUP DISCRETE 
P T $ B E 2 1 , FEW-GP DISCRETE 

ISOSEARCH, ISOTOPE PRODUCTION F L U X . X-SEC CALC 
R A F F L E , 1ST FL IGHT C O L L I S I O N P R O B A B I L I T I E S MC 
S A F E - 3 D . 3 - 0 COMPCSITE STRUCTUBE STBESS STUCY 
KENO. MONTE CARLO MULTIGROUP C R I T I C A L I T Y CCDE 
A L P H A - M , BESOLUTICN CF GAMMA BAY SPECTRA 
A T H E N A 4 , I N E L A S T I C SCATTEBING EOBM FACTOBS 
C I T A T I O N , 1 , 2 . 3 - 0 D I F F U S I O N D E P L E T I O N MULTIGP 
CONCEPT. PCWER PLANT CONCEPTUAL COST ESTIMATES 
E X T E R M I N A T 0 R 2 , 2 - C M U L T I - G P D I F F U S I O N PBOGBAM 
B I C E . PBIMABY BECOIL ATOM SPECTBA ENDF/B DATA 
SUPEBTOG. ENDE/B F I N E - G P CCNSTANTS GENEBATION 
XSOBN, CISCRETE ORDINATE MULTIGRCUP CCNSTANTS 
ISOCRUNCH. REACTION CECAY CHAIN A N A L Y S I S 
I S O S E A R C H , ISOTCPE PRODUCTION F L U X . X -SEC CALC 
ISOTOPES. MAXIMUM Y I E L O FROM REACTION OB DECAY 
PEGGY, ELAST IC SCATTEBING P H A S E - S H I F T ANALYSIS 
POWERCO, NUCLEAR STATION E L E C T R I C I T Y COSTS 
RAMES, PARTICLE WAVE FUNCTION B A D I A L INTEGRALS 
J U P I T C B l , CCUPLED-CHANNEL X-SEC EVALUATION 
ASSAULT. 2 -D M U L T I - G P D I F F U S I O N D E P L E T I O N CCDE 
EXTEBMINATOa, 2 - C M U L T I - G P D I F F U S I O N PROGRAM 
R A F F L E . 1ST F L I G H T C O L L I S I O N P R O B A B I L I T I E S MC 

$ LYNNE. WOODS-SAXON POTENTIAL SHAPE CALCULATION 
$ ISCCBUNCH. BEACTICN CECAY CHAIN ANALYSIS 
i E Q U I P O I S E S . 2 - D 2-GBCUP D I F F U S I O N SLAR CYL 

E C U I P C I S E 3 A , 2 - C 2-GP C I F F U S I O N CYL INDEB SLAB 
WHIBLAWAY, 3 - 0 2-GBCUP D I F F U S I C N XYZ GEOMETRY 
20GBAND. 2 - D FEW-GBOUP O I F F U S I O N SLAB CYLINDER 
NUCY. SCLUTION OF NUCLICE CHAIN EQUATIONS 
M U F F L E . F I S S I L E N L C L I D E X - S E C T I O N EVALUATION 

RS P X T $ C E X E . I N C E X E . 1-GP 3 - D XYZ XENON 
BS P S CTX. EFFECTIVE X - S E C T I C N CALC FBOM OSN 

T 
T $ 
T » 
T $ 

$ 
t 

360 F4 

T » G L E N . GBQUP CONSTANT CALC FBOM TOB 
GAPEB2D. 20 PEBTUBBATION CALC USING 2DF 

UK-W 7 0 9 0 F2 BS S WEO. W-DSN 
7 0 4 ^ F+MAP BS P T t G A B O L . RESCNANCE 
7 0 9 4 F+MAP RS P T » GAROL. RESONANCE 

OXIDE FUEL POD STRESS £ DEFORMATION BAPL 6 5 0 0 F4 RS P T t CYGB03 , 
PABALLEL BEAMS ANL 3 6 0 0 F35 SBP $ B 0 W 2 . D E F L E C T I C N C A L C U L A T I C N 
P A R T I , OPTIMAL GRCUP OR MESH CCLLAPSING TRW-MMU 6 5 0 0 F4 RS P S 
PARTIAL REFUEL GGA 7 0 4 4 F 4 RS P T $ GARGOYLE. FUEL CYCLE ANALYSIS 
PARTICLE WAVE FUNCTION RACIAL INTEGRALS ORNL 1604 F 6 3 R S P $ RAMES, 
P A X O ? , HARMONY-POO X - S E C T I O N GENERATICN CCDE BAPL 6 6 0 0 F4 RS P X T $ 
PCQS, 2 - D FEW-GROUP D I F F U S I O N AND DEPLETION IBM 3 6 0 F+BAL RS P T $ 
PDOS, 2 - 0 FEW-GBOUP D I F F U S I C N ANC CEPLETION M I T 360 F+BAL BSBP T $ 

112 
114 
197 

B446 
190 
226 
1 5 1 
1 5 1 
144 
288 
173 
393 
209 
209 
2 0 9 
209 
209 
312 

B 3 9 8 
322 
392 
332 
4 5 0 
413 
4 1 7 
387 
498 
155 
' .53 
4 3 1 
393 
160 
322 
1 7 9 
334 
340 
335 
308 
2 4 0 
155 
392 
381 
180 

39 
67 
32 
40 

134 
323 
4 1 5 
210 
3 6 1 
4 7 1 
133 
219 
219 

B449 
365 
416 
260 
335 

B 4 2 6 
R336 
R 3 3 6 
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P 0 0 7 , 1 , 7 CR 3 - D FEW-GP D I F F U S I O N CEPLETION 
P P 0 7 , 1 , 2 DR 3 - D FFW-GP D I F F U S I O N D E P L E T I O N 
P 0 0 7 , 1 . 2 OB 3 - 0 FEW-GP O I F F U S I O N CEPLETION 
PEGGY, E L A S T I C SCATTERING P H A S E - S H I F T ANALYS 
PENETRATION CALCULATION DAC 7 0 9 0 F 2 BSB 
PENETRATICN STUCY LASL 7 0 9 0 FLCCC BS P 
PERFORMANCE AND PBICE STUDY GGA 7 0 4 4 F+MAP 
PEBFOBMANCE OATA KE 7 0 9 0 F 2 BSBP 
PEBFCBMANCE STUDY GGA 7 0 4 4 F4 BS P 
PEBT. 1-D PERTUBBATION FOR AIM AND FOG COOES 
PEBT. 1 -D PFRTURBATION FOR AIM ANC FOG CODES 
PERT. 1-D PERTURBATION FOR AIM ANC FOG CODES 
PEBTUBBATION CALC USING 2DE OUTPUT GGA 1108 
PEBTURPATICN CCCE U S I N G DT F4 FLUXES LASL 6 
PFBTUBRATION FOB A I M AND FCG CCDES Al 70 

PEBTUBBATION FPR A I M AND FOG CODES BHSC 3 
PFRTUBPATION FCB AIM ANC FCG CCOES CCC 16 
PEBTUBBATION TDC OB 20XY FLUX INPUT PW 1 
PEBTURPATICN XY RZ BTHETA GEOMETBY BNW U C 
PFRT4 , 2 - 0 PEBTURRATICN XY RZ RTHETA GEOMETR 
PHASE-SHIFT A N A L Y S I S OBNL 1 6 0 4 F 6 3 BS P 
PHENIX, 2 0 D I F F U S I O N BUBNUP REFUELING HIST-JR 
PHOTOFRACTION SCL ID GRYSTAL UM 7 0 9 0 MAC 
PHOTOFRACTION WELL CRYSTAL UM 709C MAD 
PHOTOMULTIPLIER ELECTRON O I S T R I B U T I C N 4NL 
PHOTOMULTIPLIER ELECTRON D I S T R I B U T I O N KAPL 
PHOTOPEAK SPECTRA CODE BNWL 1108 F+BAL R S P 
P I P , CENTRIFUGAL PUMP IMPELLEB CESIGN STUCY 
PIPE STRFSS, MAXIMUM MOMENT CALC Al 7 0 9 
P I P E , ELASTIC STRESS OF P I P I N G SYSTEM BAP 
P I P I N G SYSTEM RAPL 6 6 0 0 F4 RS P T » 
P I P I N G SYSTEM ANALYSIS KE 3 5 0 0 F35 R 
PLANE + AXISYMMETRIC STRESS ANALYSIS GGA 1 
PLANE STBESS A N A L Y S I S , 2 - C BODIES BNL 6 6 0 0 
PLANF STRFSS A N A L Y S I S , 2 - D BODIES GGA I M P 
PLANF STBUCTUBES PAPL 56'10 F4 BS P T 
PLANT CCNCEPTUSL COST ESTIMATES CBNL 360 F4 
PLANT DESIGN O P T I M I Z A T I O N Al 7C9C F2 
PLANT CESIGN O P T I M I Z A T I O N A l 7C9C F2 
PLANT PERFORMANCE ANO PRICE STUDY GGA 7 j 4 4 
PLOT KAPL 6 6 0 0 F + ASC RS P T $ SNEQ. NQNLI 
PLOT PLANE STRUCTURES BSPL 660O F4 RS P 
P L O T F P , L I S T F C . D I C T I O N , E T C . BNL 6 5 0 0 F4 B 
PLOTFP, S L A V 3 , ENDF/B PBOC NCSC 6 6 0 C F4 RS 
PLOTS FRCM SCISBS X - S E C T I C N TAPES WANL 7 0 9 4 
PLOTS FROM X - S E C T I P N TAPFS GGA 7C44 F + SPS 
PLOTTING KAPL 6 6 " E F+ASC RS P T » DATATR 
PLOTTING ROUTINES KAPL 6 6 0 0 F+CDM BS 
P M S l , EAST NEUTRON P P L A B I Z A T I O N EXPERIMENT 
PCINT CEPLETION F I S S I O N PROCUCT PAPL 5 6 0 0 F 
PCINT O F P L F T I O N F I S S I O N PROCUCT CP 360 F + 
PCINT SOUBCE UM 7C9C MAD BSB 
POINT SPUBCE UM 7 0 9 0 MAC RSB 
POINT-KFBNEL SHIELD EVALUATION CCDE EAPL 5 
P O I N T - K I N E T I C S WITH 2 - D HFAT TRANSFER GGA 7 
POINTS KAPL 5 6 0 0 F+ASC BS P T $ C U R F I T , CU 
P O L A R I Z A T I O N EXPERIMENT UCND 36C F + BAL 
PCLYNCMIAL KAPL 6 5 C r F4 RS P 
POLYNOMIAL CURVE F I T T I N G BSPL 5 6 0 0 F4 
PCST RUPTURE GGA 7C44 F 4 RS X T t PREC 
POTENTIAL SHAPE CALCULATICN ORNL 7 0 9 0 F2 
POWFR AND FLOW TRANSIENTS ANL 3 5 0 F4 B 
POWER ANP FLOW TRANSIENTS ANL 66CC F4 R 
POUFR r i S T SEARCH GGA 7 0 4 4 F4 BS P T 

ANC 360 F + BAL fiSSP X T » 
B+W 6 6 0 C F+ASC BS P T $ 
BAPL 66CC F+ASC BS P T $ 

IS OBNL 1 6 0 4 F63 BS P S 
P $ L I P B E C A N l , MC NEUTBCN 

$ MCS, MONTE CABLO NEUTBON 
PS P T $ OPUS, POWEB PLANT 

t NPBFCCP. FUEL CYCLE COSTS 
t WAMPUM, FUEL CYCLE COSTS 
A l 7 0 9 0 F2» BS 
BHSC 360 F4 BS P % 
COC 1 6 0 4 F 6 $ 

BS P T t 
BS P 

FS 
6C0 F4 
9 0 F2 
60 F4 
C4 F63 
504 F6 3 
6 F4 
Y PNW 

BS 
BS P 
BS 

BS 
RS P 
1 1 0 8 F4 

BS 
GAPEB2C, 2 0 

i D A C l . SN 
$ PEBT, 1-D 
S PEBT, 1 - 0 
t P E R T , 

I T D P . 
1-0 
2 - 0 

( P E B T 4 . 2 - 0 
BS P » 

» PEGGY, ELASTIC SCATTERING 
LASL 65CC F4 RS P T » 

RSB t BUBP4, GAMMA-BAY 
$ BURPS, GAMMA-BAY 

B S P « O Y N O l , 
BS P 1 D Y N O l . 

G S S L B N 1 8 . LEAST SOUABES 
1604 F63 BS P T t 

T S 4RESTB4INT 
BS P T $ M C 4 5 7 . 

BSB 
360 F4 

6 6 0 0 E4 
T ( 

PW 
0 F+FAP BS 
L 66C0 F4 
M 0 4 5 7 . P I P E . ELASTIC STBESS OF 
SBP » WHAM, L I Q U I D - F I L L E D 
108 F4 RS P » S A F E - 2 C , 

F4 R S P T t SAFE-PLANE . 
F4 RS P » S A F E - P L A N E . 

t 6 1 4 7 , DRAFTING TOCL TC PLCT 
BS P T J CONCEPT, POWER 

BS ' t CBCCK, SPACE POWEB 
RS t SHCCK, SPACE POWEB 

F+MAP RS P T t OPUS, POWER 
NEAR ALGEBBAIC EQN SCLN CUBVE 

T i 0 L 4 7 , DBAETING TOOL TO 
S T » C B E C T . C H E C K E R , R I G E L , 

T » CHECKEB,CBECT.CAMMET, 
F + FAP RSBPL T i C P S , SC4C20 
BSBP T S CBOSSPLOT. SC4020 

AN U T I L I T Y MODULES. 2 - 0 + 3 - 0 
T i KAPLPLCT, KAPL CALCOMP 
UCND 3 6 0 F+BAL BS P « 

4 RS P $ C I N D E R , M 0 1 0 2 , 
PAL BS P T t C I N C E B ( M 0 1 0 2 ) . 

t B U R P l . DETECTOR E F F I C I E N C Y 
t BURP3, DETECTOR E F F I C I E N C Y 

6 0 0 E+ASC BS P T » SPAN4. A 
C44 F+MAP BS P T » BLCCST5 . 
RVE F I T T I N G EXPERIMENTAL DATA 
PS P $ P M S l , FAST NEUTRON 

% BOPE, F I N D I N G BCCTS CF A 
PS P T $ M C 6 5 1 , M 0 6 S 7 , M 0 6 2 6 . 
C N . HTGB CONTAINMENT PBESSUBE 
RS t LYNNE, WOODS-SAXON 
5 P T » S A S I A , FAST REACTOR 
S P T $ S A S I A . FAST BEACTOB 
J GASP2, 1 - 0 FEW-GP D I F F U S I O N 

B 2 7 5 
B275 
B275 

334 
123 
202 
2 2 6 
146 
224 

30 
30 
30 

471 
455 

30 
30 
30 

199 
304 
3C4 
3 3 4 
454 
169 
170 

B464 
B464 

457 
167 
109 

B329 
R 3 2 9 

278 
379 
2 52 
252 

R373 
496 
112 
114 
2 2 5 

R3&4 
R373 

475 
3 8 4 
2 3 9 
2 0 7 

B40 7 
B 4 9 6 

4 6 9 
313 
313 
164 
155 

R452 
2 0 5 

R 4 3 
4 6 9 

R444 
R411 

2 2 8 
381 
400 
4 0 0 
220 
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POWER D I S T R I B U T I O N CDC 3 6 0 0 F63 RSBP T $ F L A R E . 3 - D R E A C T I V I T Y AND 167 
POWFR D I S T R I R U T I O N NED 6 3 5 E4 RS P T t F L A R E . 3 - D R E A C T I V I T Y AND 167 
PPWER D I S T R I B U T I O N SEARCH GGA 1108 F 4 RS P T 1 G A S P 7 . l - D BURNUP 3 1 9 
POWEB PLANT CONCEPTUAL COST ESTIMATES CRNL 350 E4 RS P T I CONCEPT. 4 9 8 
POWER PLANT DESIGN O P T I M I Z A T I O N A l 7 0 9 0 F2 RS » CROCK. SPACE 112 
POWER PLANT CESIGN O P T I M I Z A T I O N AT 7 0 9 0 F2 RS $ SHOCK. SPACE 114 
POWER PLANT PERFORMANCE AND PRICE STUCY GGA 7 0 4 4 F+MAP RS P T $ OPUS. 2 2 6 
POWFR TRANSIENTS BAPL 5 5 0 0 F 4 RS P T t C H I C - K I N , FAST + INTERMEDIATE R473 
POWERCO, NUCLEAR STATION E L E C T R I C I T Y CCSTS OBNL 1 6 0 4 F63 BS P $ 340 
PPCP 7 0 4 0 F+MAP RS P $ CCMBCC. COMBINEC B-W M U L T I - L E V E L CCNVCLUTICN 203 
PPCO 7 0 4 0 F+MAP BS P T $ CONTEMPT. LOSS-OF-COOLANT ACCIDENT A N A L Y S I S 2 9 7 
PPCP 7 0 4 0 F+MAP RS P T $ RSAC. BACIOLOGICAL SAFETY ANALYSIS PBOGBAM 265 
PPCP 7 0 4 0 F 4 BS P T 1 T O P I C . 1-D FEW-GP SN APPBCXI MAT ICN CYL INCEB 148 
PPCO 7 0 4 4 F + MAP BS P T $ TOOCEE. 2 - 0 T IME-DEPENDENT HEAT CONDUCTION 3 4 9 
PPCP 7 0 9 0 F2 RS P $ M I S T , 1 - 0 EEW-GP SN DCUBLE SN APPROX SLAB GEOM 59 
PPCP 7 0 9 0 F2 RS P T » T O P I C . 1-0 FEW-GP SN APPROXIMATION CYL INDER 148 
PPCO 3 5 0 F4 RS P X $ B U R S T l . HYCROCYNAMIC A N A L Y S I S DURING BLOWOOWN 4 3 5 
PRECON. HTGR CONTAINMENT PBESSUBE PCST BUPTUPE GGA 7 0 4 4 F4 BS X T $ 228 
PREPARATION GGA 1 1 0 8 F4 BS P X T $ GAND, GAFGAB X - S E C T I C N L I B B A B Y 345 
PREPARATICN PW 1 5 0 4 F63 BS $ C S P I , SN X - S E C T I O N L I B R A R Y TAPE 194 
PREPARATION PW 1 5 0 4 F 5 3 RS $ C S P 2 A . SN X - S E C T I C N L IBBABY TAPE 193 
PBEPSRATION FCR 2 - 0 CESIGN PR0GB4MS LASL 7 0 9 0 E+FAP BS P T t OPC. DATA 2 3 4 
PREPARATION, E D I T KAPL 6 5 0 0 E + ASC RS P T t CATATRAN 2 - C GEOMETRY I N P U T , R 4 0 6 
PRESSURE C I S T f i l R U T I O N GGA U C B F5 RS P t F L A C , STEACY-STATE FLOW. 395 
PRESSURE PCST RUPTURE GGA 7 0 4 4 F4 RS X T $ PRECON, HTGR CONTAINMENT 228 
PRESSURE TEMPERATURE HISTORY KE 7 0 9 4 F2 RSBP T t P T H l . BLOWDOWN 155 
PRESSURE VESSEL STRESS ANO FATIGUE KAPL 6 6 0 0 F 4 BS » SCBSDB. 8 3 9 1 
PRFSSUBE-TEMPEBATUBE BESPCNSE ANC 3 5 0 F+BAL BS P T $ CONTEMPT-PS . 433 
PRESSURIZERS RAPL 56CC F4 BS P T $ T O P S . TRANSIENT THERMODYNAMICS CF R348 
PPICE STUCY GGS 7 0 4 4 F+MAP RS P T $ OPUS, POWER PLANT PERFCRMANCE AND 2 2 6 
PRIMARY RECOIL ATCM SPECTRA ENCE/B CATA CRNL 36C E4 RS P T » R I C E . 4 5 3 
P R O B A B I L I T I E S MC OBNL 3 5 0 F+BAL BS P T « B A F F L E . 1ST F L I G H T C C L L I S I C N 3 9 2 
P R O B A P I L I T I E S MC ORNL 7 0 9 0 F+FAP BS P T $ B A F F L E . 1ST F L I G H T C O L L I S I O N 392 
PBOC DP 3 5 0 F4 RS P T $ F L A N G E 2 . ENOF/B THEBMAL SCATTEBING DATA 358 
PBOC GGA 1 1 0 8 F4 BS T $ F L A N G E 2 . ENDF/B THEBMAL SCATTEBING OATA 368 
PROC GGA 1108 E4 RS T $ F L A N G 2 / S C , ENCF/B THEBMAL SCATTERING DATA 366 
PPOC NCSC 560C F 4 BS T » CHECK EB . CBEC T , DAMMET . PLCT FB ,S LAV3 . ENOF/B 384 
PBOCESSING OE ANALYZER GAMMA-RAY SPECTRA GGA 11C8 F+BAL RS P T » TOAD, 333 
PROCFSSING ROUTINES ANL 3 6 0 F4 RS P T $ CRECT.CHECKER, E N D F / B - I I 475 
PROGRAMMING ANC DATA SYSTEM KAPL 660C F+CCM RSB T % DATATRAN. MODULAR R385 
PROGRAMMING LANGUAGE KAPL 6 6 0 0 F+ASC BS % S I M P L E l . T I M E - S H A R I N G 8 4 4 2 
PROPERTIES RSPL 660C F4 BS P T $ WASP. WATER ANC STEAM THERMODYNAMIC R 3 9 6 
PROPERTIES BGE 3 5 0 F4 RS T 1 S T E A M - 6 7 , 1S67 ASME STEAM AND WATER 4 8 7 
PSEUOO, S T A T I S T I C A L RESONANCE PARAMETER CALC GGA 1 1 0 8 F4 RS P t 2 9 2 
P T H l , RLOWDOWN PRESSURE TEMPERATURE HISTORY KE 7 0 9 4 F2 RSBP T i 155 
PULSEC NEUTRON SOUBCE OATA NED 6 3 5 F4 RS P T $ E X P N , A N A L Y S I S CF 2 5 8 
PULSED NEUTRON SOURCF CATA ANALYSIS CNEA 360 F4 BS P t T B I F I D O , 469 
PUMP IMPELLER DESIGN STUDY PW 16C4 E63 BS P T $ P I P , CENTRIFUGAL 187 
P U N l , UNRESOLVED RESONANCE INTEGRALS X-SECS BAPL 66CC F4 RS P T » R3S9 

M A C H l , 1-C M U L T I - G P C I F F U S I O N SLAB CYL SPHERE 262 
L A G . ASSEMBLER FCR FL0CC2 INSTRUCTION SET 185 
F M C - N , F M C - G . MC NEUTRON. GAMMA-RAY H I S T O R I E S 195 
C S P I . SN X - S E C T I C N L IBRARY TAPE PREPARATION 194 
CSP2A, SN X - S E C T I O N L IBRARY TAPE PREPARATICN 193 
T C P , 2 - C PERTURBATION TDC OR 2DXY FLUX INPUT 199 
WOPEXPRT, REACTCR WEIGHT O P T I M I Z A T I O N STUDY 190 
2 D X Y L , 3 -D M U L T I - G P FLUX SYNTHESIS PROGRAM CYL 192 
A X - T N T , CCUPLED NEUTBCN ICS-HYCBOCYNAM ICS SPH 1 9 1 
CMPXMAT, TBANSFEB FUNCTION F V A L U A T I O N 188 
SNC, CALCULATION OF SN CONSTANTS FOR DSN TOC 169 
FOBTBAN T D C , 2 - 0 M U L T I - G P SN APPROXIMATION RZ 1 6 1 
P I P , CENTRIFUGAL PUMP IMPELLER DESIGN STUDY 1 8 7 
CTX, EFFECTIVE X - S E C T I O N CALC FROM DSN OUTPUT 2 1 0 
MGDSN, 1 -0 M U L T I - G P SN APPRCX SLAB CYL SPHERE 2 1 1 

PURD 
PW 
PW 
PW 
PW 
PW 
PW 
PW 
PW 
PW 
PW 
PW 
PW 
PW 
PW 

6Sn r 
1 6 " 4 
15C4 
1504 
1 6 0 4 
1 6 0 4 
1 5 0 4 
1604 
1504 
1604 
1 5 0 4 
150 4 
1 6 0 4 
1 6 0 4 
1604 

F4 
F+CDP 
E+CDP 
F53 
F53 
F53 
E63 
F63 
F63 
F63 
F53 
F 6 3 
F 6 ' 
LAGl 
L S G l 

RS 
PS 
RS 
RS 
BS 
BS 
as 
BS 
RS 
RS 
RS 
RS 
RS 
BS 
RS 

PLX 
P 
P X 

P 
P 
P 
P 
P 
P 
P 

T 
T 
T 

T 

T 
T 

t 

$ 
* 
t 
$ 
!, 
t 
{ 

% 
t 
I 

% 
i 
t 
i 



PWCOST, REACTOR FUEL CYCLE COST CALCULATION GGA 1 1 0 3 F4 BS P T $ 4 4 1 
PWR ELCW TRANSIENT ANALYSIS BAPL 5 6 0 0 F4 RS P T t F L O T l , M 0 2 1 9 , R331 
O U A S I S T A T i r SPATIAL REACTCR K I N E T I C S CCDE ANL 3 6 0 F4 BS PL CT J Q X l , 4 7 4 
OUASISTATIC SPATIAL REACTOR K I N E T I C S CODE ANL 3 6 0 0 36F RS PL DT S C X I , 4 7 4 
O U I C K I E , I N F I N I T E MEDIUM SPECTBUM X - S E C T I O N S Al 709C F+EAP BS L T t 119 
0 X 1 . O U A S I S T A T i r SPATIAL REACTCP K I N E T I C S CCCE ANL 350 F4 BS PL CT J ' .74 
Q X l , O U A S I S T A T I C SPATIAL REACTOB K I N E T I C S COOE ANL 3 6 0 0 36F BS PL DT t 4 7 4 
o-M PABAMETEBS OF UNBESOLVED BESCNANCES BAPL 5 6 0 o F4 BS P » GRAMP, B47C 
0 THETA-Z LASL 6 6 0 0 F4 BS P T t 3 D D T . 3D MULTIGROUP D I F F U S I C N XYZ 4 6 3 
R 7 GECM LASL U O R F4 BS P T $ TWOTRAN, 2 - D M U L T I - G P TRANSPOBT CODE 3 5 8 
n-Z GECM LASL 1 1 0 8 F4 BS P T $ TWOTRAN. 2 - 0 M U L T I - G P TRANSPOBT CODE 358 
R-Z GEOMETRY APDA 7 0 9 4 E4 RS P i MARS. 2 - D EXCURSION CALCULATICN 29 3 
R S R P L E , W L I B . F L A T , RESCNANCE ABSOBPTION. CELL ANL 360C E35 BSBP X T % 2 6 1 
RADIAL INTEGRALS ORNL 1 6 0 4 E 6 3 BS P t BAMES. PABTICLE WAVE FUNCTICN 335 
RACIATION CAMAGE IN METALS GEC 5 3 5 E + FAP BSBP T $ CA SC ADE .CLUSTE R . 4 1 9 
RAO A TOB E I N S SNAP GEOM Al 7 0 9 0 F2 RS t SCABF2, SCATTEB FROM 1 0 
RADIOACTIVE DECAY C H A I N S GEC 5 3 5 F4 RSBP » C H A I N S , ANALYSIS OF 4 1 8 
RAOICACTIV ITY I I T P 7 0 9 4 E4 RSBPLX T S N A P , NEUTRON-INDUCED GAMMA-RAY 314 
PSOIOLCGICAL SAFETY ANALYSIS PBOGBAM PPCC 7 0 4 0 F+MAP fiSP T » BSAC, 265 
RSOIONUCLICE GENERATION AND DECAY BNW 1 1 0 8 ES BSBPL T » ' S C G E N , 357 
RS02. HTGR F I S S I O N PBODUCT A C T I V I T Y D IST STUDY GGA 70 ' .4 F4 RS P t 2 3 1 
RAFFLF. 1ST F L I G H T C O L L I S I C N P R O B A P I L I T I E S MC CBNL 360 F + BAL BS P T « 392 
PSFFLE 15T F L I G H T C O L L I S I O N PBORA P IL I TI E 5 MC ORNL 7 0 9 0 F+FAP PS P T » 3 9 2 
RAMFS, PARTICLE WAVE FUNCTICN BACIAL INTEGRALS ORNL 15C4 F63 RS P » - 3 5 
RAMPl , RF ICH-MPPRE RESOLVED BEGION X - S E C T I C N S BNL 5 6 0 0 F4 BS P « 4 9 2 
RAPFU, FUEL CYCLE PARAMETERS FAST BREEDERS APO 535 F4 BS P « 372 
RAPP, H I G H - V E L C C I T Y FLOW STUDY STEAM-WATEB MIX KAPL 6 6 0 0 F4 BS P I 8 36 2 
PAPTUPF, BESONANCE INTEGRAL X - S E C T I C N CALC NED 2 0 0 0 F2 RS P » f ; ^ 
R A F UK-W 7 0 9 0 F2 RS « W E D , W-OSN OUTPUT TAPE E D I T REACT ON 133 

PATH 2 - OB 3 - D HEAT CONDUCTICN LUMPEC MASS LASL 7 0 3 0 F4 BS T 2 4 2 
RATH, 2 - OB 3 - C HFAT CONDUCTION LUMPED MASS LASL 7 0 9 4 FAP BS P T S 2 4 2 
RATRAP. DOSE PATE CALCULATICN SNAP GECMETBY Al 7 0 9 0 F2 BS P » 141 
RSUMZE T , 1-D T IME-DEPENDENT D I F F U S I C N CALC KAPL 6 5 0 0 F4 BS P » B35Z 

RAY' SCUBCE BUILCUP FACTOR CALC BAPL - " / - - / - . ^ E S L T ^ ^ N ^ ' ^ E l i : : ' . " l 3 

o J I r T ^ O M A, 3 5 0 F+BAL BS P i C C I N L C ,C ASC i c E , COMPCUNC NUCLEUS 4 8 2 
OFACTION Al 3 5 0 F+BAL K i K r i l cM. O f ? CQBE HEATING CL ADD I NG-STE AM 3 5 6 
REACTION ANL R 6 0 0 F36 RSRP « ^RM 7 6 0 ^ F ^ BS P « ISOCBUNCH, 180 
REACTION DECAY C H A I N ANALYS S CBNL 1 5 0 4 F53 BS P , 5 0 C B U N C H . 180 
BEACTION DECAY CHAIN A N A L Y S I S CBNL ^ 0 ^ ° / ^ RS " * ' j „ 

REACTION OB CECAY OBNL 1 ^ ^ ^ ^ F63 BS P \ ' ^ ° J ° ' ^ ! c S N C^T PUT TAPE EDIT 133 
REACTION RATFS UK-W 7 0 9 0 F2 RS » w t u , « u^ F L A B E . 3 -D 1 5 7 
PFACTIV ITY AND POWER D I S T R I B U T I O N COC 360C F 5 3 BSBP T » FL Rb 
R E A C T I V I T Y ANO POWEB D I S T R I B U T I O N ^EC 5 3 5 F4 BS P T F L A P t , i 
RFAX, RESOLVED RESONANCE EPITHERMAL X -SECT IONS NED 5 3 5 E4 BS P ^ ^ ^ 
RECOIL ATOM SPECTBA ENCF/R OATA OBNL 3 5 ° F 4 B S P J » « ' ^ ^ ' , ^ , ^ E 1 , , , 1 2 
PECTANGULAR MAGNETIC NETWCBK SOLUTION BAPL 5 5 0 0 E 4 B S P ^ ^ ^ ^ ^ ^ ^ 

REDUCTION ANL 3 6 0 0 F 6 3 RSRP ' . " ' ' ^ C ' R ^ O fcicC F4 BS P T t B 4 2 5 
RECUX. BEACTOB FLUCTUATION EX P EB IMENT AN AL YS IS BAPL 65CC F^ ^ ^^ ^^ ^^^ 
REFUEL GGA 7 0 4 4 E4 BS P T » " R G O Y L E , FU L C^CLE * N * L S ^ ^ ^ ^ ^ ^ ^ ^ ^ 
REFUFLING HISTORY LASL 5 6 0 0 F 4 RS P T « ^ " E N ^ . i ^ ^ ^ p ^ ^ ^ ^ ^ 
RFICH-MOPRE RESCLVEC REGION X - S E C T I O N S BNL 6 6 0 0 F4 Kb ^ ^ ^ ^ 

RELAP2, REACTPR BLOWDPWN " E X C U R S I O N * 2 * ^ ^ ^ ^ , , i ^ % , ' , ° V s i ME TER A C T I V I T Y 4 2 3 

RELATION GEC 5 3 5 F4 BSBP ' p ° s P 6 HTGB MET ALL IC F I S S I O N PBODUCT 3 C l 
BELEASE GGA 1 1 C 8 F4 RS P » FREVAP6 , HTGR H 1 1 O L L . ^ S B468 
RFLEASE S I M U L A T I O N BAPL 6 5 C 0 E4 RS P T * B U B L l , FUEL S ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
R E L I A B I L I T Y FPR A S I N G L E FAILURE MODE BAPL 6 6 0 C F 4 B 5 ^ ^ ^ ^ ^ 

RELPAO-FEVER. 1 - 0 EEW-GP D I F F U S I O N DEPLET ION GGA 7 0 4 4 F4 ^ ^ ^ ^ ^ 

R E L O I , R E L I A B I L I T Y FPR A S INGL E EA I L URE ' ^ ° ° ^ . ^ ' ^ ^ h D ^ ^ ^ E U S ION ABSORPTION R 2 8 0 

REMOVAL X-SECS RAPL 6 5 0 0 E4 RS ^ ^ . ^ ^ R N W L 11(^8 FS BS P T » 4 8 3 
REPP, THEBMAL HYDBAULIC WATEB-BE ACTOB " S I G N BNWL U O B H5 ^ ^ L P H A - M . 4 1 3 
RESOLUTION OF GAMMA BAY SPECTBA CBNL 3 6 0 F4 Pb S I G P L O T . 3 7 7 
RESOLVED M U L T I L E V E L B-W X-SEC CALC BNL " " F 4 B 5 P , s , c p L O T . 377 
O F c n i u F O M U L T I L E V E L R-W X - S E C CALC BNL 7 0 9 4 F4 Kb f • 
RESOLVEC REGION RESPNANCE INTEGRAL CALC GGA 7 0 9 0 F + FAP RSB T $ Z U T , 4 1 
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RESOLVEC REGION X-SECTIONS BNL 5500 F4 RS P $ BAMPl . BEICH-MOOBE 492 
RESOLVED RESONANCE EPITHERMAL X-SECTIONS NED 535 F4 BS P T $ BEAX. 257 
RESOLVED RESONANCE INTEGRAL CALCULATICN 8W 2000 E4 BS $ STBIP. 305 
RESOLVEC RESONANCE X-SECTION CALC NED 20CC F2 BS P $ OOPIE. 177 
RESONANCE ABSORPTION. CELL ANL 3500 F36 BSBP X T $ PABBLE.WLIB.FLAT. 261 
RESONANCE OATA GGA 7044 F+MAP RS P t FASDOP, X-SECTICNS FRCM B-W 216 
RESCNANCE OATA UILL 3 60 F4 PS P » C O D I L L I . LEAST SQUARES ANALYSIS 347 
RESPNANCE EPITHERMAL X-SECTIDNS NEC 535 E4 RS P T J BEAX, RESOLVED 257 
RESONANCE INTEGBAL CALC GGA 7090 F+FAP RSB T $ ZUT, BESCLVEO BEGION 41 
RESONANCE INTEGR4L CALC GGA 7090 F+EAP RSB T $ TUZ, UNRESOLVED REGION 42 
RESONANCE INTEGRAL CALC HOMOGENEOUS ANL 3500 F36 RSBP $ MISH-MASH, 214 
RESONANCE INTEGRAL CALC 2-REG CELL ANL 360C F36 RSBP X T t RIFE-RAFF. 213 
RFSONANCE INTEGRAL CALCULATICN BW 2C00 F4 RS $ STRIP, RESOLVED 3C5 
RESPNANCE INTEGRAL HEX CELL BAPL 66CC E+ASC BS P X T $ PESQ2.RESCU.CBFl, R285 
BESONANCE INTEGRAL X-SECTIDN CALC Al 7090 F2 RS PL T $ ABES2, 89 
RESCNANCE INTEGBAL X-SECTION CALC A l 7094 F + MAP RS PLX T $ T R I X l . 208 
RESONANCE INTEGRAL X-SECTION CALC COC 1504 F63 BS PL T $ ARES2. 89 
RESONANCE INTEGRAL X-SECTION CALC NEO 20C0 F2 RS P » BAPTUBE. 176 
RESONANCE INTEGBALS X-SECS BAPL 5500 F4 BS P T $ PUNl . UNRESOLVED R359 
RFSONANCE MEASUREMENTS GGA 1108 E4 RS P T $ TACASI, ANALYSIS CF 410 
RESONSNCE OVERLAP AND LATTICE EFFECTS GGA 7044 F+MAP BS P T $ GABOL. 219 
RESONBNCC CVEBLAP AND LATTICE EFFECTS LEB 7094 F+MAP BS P T » GAROL, 219 
RESONANCE PABAMETER CALC GGA 1108 F4 RS P * PSEUCO, STATISTICAL 292 
RESONANCE PARAMETERS WANL 7094 F2 BS P t EXT, X-SECTICNS FBOM 8-W 238 
BESONANCE X-SECTION CALC NEC 2000 F2 BS P J DOPIE, RESOLVED 177 
RESONANCE X-SECTION CALC GGA 1108 F4 RS P $ GANDY. UNRESOLVED 341 
RFSONANCE XSECS BNL 6500 F4 RS P T $ AVRAGE3.4.SIGMA2.AOLER , ENDF/B 465 
RESONANCES Al 35C F4 RS PLX T S AILMOE, X-SECTICN CALC ELASTIC SCAT 147 
RESONANCES Al 7094 F+FAP BS PL T $ AILMOE, X-SECTICN CALC ELASTIC SCAT 147 
RESONANCES BAPL 6600 F4 RS P J GRAMP, B-M PABAMETEBS OF UNBESOLVED B470 
RESPONSE ANC 350 F+BAL BS P T $ CCNTEMPT-PS, PBESSUBE-TEMPEBATURE 433 
BFSOO,DRF1, BESONANCE INTEGRAL HEX CELL BAPL 6500 F+ASC BS P X T $ BESC2, B285 
aES02 ,BESC0,DBF1, BFSONANCE INTEGBAL HEX CELL BAPL 6500 F+ASC BS P X T $ 8265 
RETRIEVAL FROM SCISRS X-SECTION TAPE GGA 7044 F + MAP RSBP $ UNPACK, 206 
RETRIEVAL. ANO CISPLAY CP 360 F+BAL S T $ JOSHUA. OATA STCRAGE. 490 
REVISEO-GAO, FUEL CYCLE ANALYSIS W/REFUELING GGA 7044 F4 RS P T » 223 
REVOLUTION KAPL 56CC F4 RS P T » S0B2, STRESS ANALYSIS SHELLS CF R 80 
RICE, PRIMARY BECOIL ATOM SPECTRA ENDE/B DATA ORNL 360 F4 R S P T » 453 
RIFF-RAFF, RESPNANCE INTEGRAL CALC 2-BEG CELL ANL 3500 F36 RSBP X T i 213 
RIGEL,PLOTFB,L ISTFC,DICTION.ETC. BNL 6500 F4 RS T $ CREC T .CHECKER. 475 
RING SNAP GEOMETRY Al 7090 F2 RS $ SCARl, SCATTER FROM A 111 
ROD BUNDLE GESV 535 F4 RS P T » VELVET2, TUBBULENT FLCW IN LMFBB 458 
ROO BUNDLE T HEBMALHYDRAUL IC ANALYSIS ANL 360 F4 BS P T $ CCBRA3. 432 
ROD BLNDLE THE BM ALHY OBAULIC ANALYSIS BNWL 1108 F4 BS P T » C0BRA3. 432 
ROD STRESS £ DEFORMATION BAPL 65CC F4 RS P T » CYGR03. OXIDE FUEL R449 
ROOTS DF A POLYNOMIAL KAPL 5600 F4 R S P t ROPE. FINDING R444 
ROPE. FINDING RCOTS OF A PCLYtCMIAL KAPL 6600 F4 BS P R444 
RSAC, RADIOLOGICAL SAFETY ANALYSIS PROGRAM PPCC 7040 F + MAP RS P T $ 265 
RTH WANL 7094 F4 RS P X T $ VARI-QUIR3, 2-C MULTI-GP DIFFUSION XY RZ 264 
RTHETA GEOMETRY BNW 1108 F4 RS P % PERT4, 2 - 0 PERTURBATION XY RZ 304 
RTHETA LASL 5500 F4 RS P T $ TWOTBAN. 2-D MULTI-GP TRNSPT CDDE XY RZ 358 
RUPTURE GGA 7044 F4 RS X T t PRECON, HTGR CONTAINMENT PRESSURE POST 228 
BZ PW 1504 F63 BS P T $ FOBTBAN TOC, 2-D MULTI-GP SN APPBOXIMATION 161 
BZ GECMETBY GGA 7090 F+FAP RSBP T t DDB, 2-D FEW-GP DIFFUSION BURNUP 99 
BZ GECMETBY LBL 709 F2 BS S F IBN. 2 -0 FEW-GP S4 APPBOXIMATION 7 
BZ GEOMETBY GGA 1108 F+BAL BS P T $ GAMBLES. 2 -0 MULTI-GP CIFFUSION XY 222 
RZ GFOMETRY GGA 7044 F+MAP RSBP T S GAMBLE4. 2-C MULTI-GP DIFFUSION XY 222 
BZ GGA 1108 F+BAL R S P T t BUG2 , 2-D MULTIGRCUP DIFFUSION + BURNUP XY. 438 
RZ RTH WANL 7094 F4 RS P X T $ VARI-QUIR3. 2-0 MULTI-GP DIFFUSION XY 264 
RZ RTHETA GEOMETRY BNW 1108 F4 RS P $ PERT4. 2-C PERTUBBATION XY 304 
BZ BTHETA LASL 5500 F4 R S P T » TWOTRAN. 2-D MULTI-GP TRNSPT COCE XY 358 
R l O l , SPACE-INOEPENDENT KINETICS KEX OPTIONS ANL 3600 F63 RSBP $ 255 
R l O l , SPACE-INOEPENDENT KINETICS KEX CPTICNS WANL 7094 F4 RS P t 255 
R102, SPAGE-INCEPENDENT INVERSE KINETICS CALC ANL 3600 F63 RSBP $ 168 
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0 1 0 2 , SPACE- INCEPENDENT INVERSE K I N E T I C S CALC WANL 7 0 9 4 F4 RS t 1 5 8 
B 1 S 3 , PAPAMFTPIC S I T E REQUIREMENT STUCY ANL 3 6 0 0 F 6 3 BSBP T S 172 
S-WAVE NFUTBON X - S E C T I O N CALCULATICN BAPL 6 6 0 0 F4 RS P T $ SUMOR, R399 
SABPB4, C ISCPETE-ELEMENT ANALYSIS T H I N SHELLS M I T 3 6 0 F 4 PS P T » B402 
SAFE PROGRAMS GGA 1 1 0 8 F4 RS P $ GRDWRK, GRID GENEBATION FOR 296 
S A F E - A X I S Y M , STBESS ANALYSIS AX ISYMMETBIC LOAD GGA 7 0 4 4 F4 BS P T t 2 5 1 
SAFE-CBACK. V I S C C F L A S T I C ANALYSIS CF CONCBETE GGA 1 1 0 8 FS BS P T » 4 5 1 
SAFF-CBEEP, V I S C O E L A S T I C A N A L Y S I S CONCBETE GGA 1 1 0 8 F4 BS P t 300 
SAFE-PCBS, STBESS ANALYSIS AXISYMMETRIC LOAD GGA 7 0 4 4 F4 RS P T i 2 5 0 
SAFE-PLANE, PLANE STBESS A N A L Y S I S , 2 - C BODIES 8NL 5 6 0 0 F4 BS P T » 2 5 2 
SAFE-PLANE, PLANE STRESS A N A L Y S I S , 2 - D BODIES GGA 1 1 0 8 F4 RS P I 2 5 2 
SAFE-SHELL, STRESS ANALYSIS T H I N SHELLS GGA 1108 F4 RS P t 2 5 3 
S A F E - 2 0 , PLANE + AX ISYMMETRIC STBFSS ANALYSIS GGA 1 1 0 8 F4 BS P 1 3 7 9 
SAEE-3D. 3 -D COMPOSITE STfiUCTUBE STBESS STUDY GGA 1 1 0 8 F4 RS P T I 332 
S A F E - 3 0 , 3 - 0 COMPOSITE STRUCTURE STRESS STUCY ORNL 3 5 0 F+BAL RS P T $ 332 
SAFETY A N A L Y S I S PROGRAM PPCO 7C4C F + M A P PS P T $ RSAC. RACICLCGICAL 2 6 5 
SAIL , 1 - 0 1-GP SN APPROXIMATION SLAB GEOMETRY A l 7 0 9 0 F2 RS P t 52 
S A I L , 1 - 0 1 -GP SN APPROXIMATION SLAB GEOMETBY OCO 1 6 0 4 F63 BS P $ 52 
SASIA , FAST REACTOR POWEB AND FLCW TBANSIENTS ANL 350 F4 BS P T « 4 0 0 
SASIA , FAST REACTOB POWEB ANC FLOW TBANSIENTS ANL 5 6 0 0 F4 BS P T $ 4 0 0 
SATUR4TED BLCWDCWN2 . BLOWCOWN ANALYSIS LOET KE 7 0 9 4 F+MAP BSBP T I 2 0 0 
SCARF?, SCATTEB FBOM RADIATOR F I N S SNAP GECM Al 7 0 9 0 F2 BS I U O 
SCAR!, SCATTFR FROM A R ING SNAP GEOMETRY Al 7C9C F2 RS » l U 
SCAT RESONANCES Al 3 6 0 F4 RS BLX T $ A I L M O E , X - S E C T I O N CALC ELASTIC 147 
SCAT BESONANCES A l 7 0 9 4 F+FAP RS PL T $ A I L M O E . X - S E C T I O N CALC ELA ST I C 147 
SCAT X - S E C T I O N CALC MODERATCR GGA 1 1 0 8 F4 RS P « GAKER, I N E L A S T I C 2 6 9 
SCAT X -SECT IONS HEX L A T T I C E GGA 1 1 0 8 F4 BS » HEXSCAT. ELASTIC 2 9 1 
SCATTEB EBCM A BING SNAP GEOMETBY A l 7C90 F2 BS » 5 C 4 B 1 , U l 
SCATTER FRCM RADIATOR F I N S SNAP GEOM A l 7 0 9 0 F2 RS » SCARF2. U O 
SCATTERING CDC 16C4 F 5 3 RS P » HAFEVER. HAUSER-FESHBACH I N E L A S T I C 14 
SCATTEBING CBYSTALLINE MATERIALS LASL 5 5 0 0 E4 BS P T » TOB. THERMAL 3 6 0 
SrATTFRING DATA PROC DP 3 6 0 F4 BS P T » FLANGE2, ENCF/B THERMAL 358 
SCATTERING CATA PROC GGA 1 1 0 8 F 4 RS T » FLANGE2. ENDF/B THERMAL 358 
SCATTEBING DATA PRCC GGA U O B E4 BS T » F L A N G 2 / S C , ENOF/B THEBMAL 368 
SCATTEBING FORM FACTCRS CBNL 350 F4 BS P T t ATHENA4, I N E L A S T I C 4 1 7 
SCSTTEBINC KEBNEL CALC GGA 7 0 9 0 F2 BS T » SLMMIT , CBYSTALLINE 55 
SCATTEBING LAW CALC GGA 1 1 0 8 F4 RS P X $ COHBE. COHERENT I N E L A S T I C 365 
SCATTERING LAW CALCULATION GGA 1 1 0 8 E4 flS P t GASKET, THEBMAL 2 5 3 
SCATTERING LAW X - S E C T I O N CALCULATION GGA U C B FS RS P » F L A N G E l , 2 4 7 
SCATTERING P H A S E - S H I F T ANALYSIS CRNL 1 5 0 4 F6 3 RS P » PEGGY, ELASTIC 334 
SCHEME KAPL 6 6 ' ' C E4 RS P » MCST, A MULTIDIMENSIONAL C P T I M I Z A T I C N B446 
SCISRS ENOF/R GRAPHIC X - S E C EVALUATION A l 360 F+BAL RS L T « SCORES, 375 
SCISRS X - « ; F C T I 0 N T A P E G G A 7 C 4 4 F + MAP RSBP t UNPACK, BETRIEVAL FROM 2 0 6 
Sr iSRS X - S E C T I C N TAPFS WANL 7 0 9 4 F+FAP RSRPL T % C P S . SC4020 PLOTS FRCM 2 3 9 
SC0PF3.? CDC 6 6 0 P E + CCM PS T t MCCEL, M C C I F I E C B E T T I S ENVIRNMNTL L I B R 4 7 8 
S C O P F ' . 3 CDC 6 5 0 0 F+COM RS T t MCDEL, M C D I F I E D B E T T I S ENVIRNMNTL L I B R47e 
S C 0 B E 1 , SCISRS ENDF/R GRAPHIC X -SEC EVALUATION Al 360 F+BAL RS L T $ 3 7 5 
SC402U PLOTS FRCM SCISBS X - S F C T I C N TAPES WANL 7 0 9 4 F+FAP BSBPL T t CPS. 2 3 9 
SC402~ PLOTS FROM x - S E C T I O N TAPES GGA 7 0 4 4 F + SPS BSRP T » CBOSSPLOT. 2 0 7 
SEALSHFLL2 . SHELL STBESS ANALYSIS AXISYM LOAC BAPL 56CC F4 BS P T » B282 
SFABCH GGA 11C8 F4 BS P T t G A S P 7 , 1 -C BUBNUP POWER C I S T R I B U T I O N 319 
SEARCH GGA 7 0 4 4 F4 R S P T t G A S P 2 . 1 - 0 FEW-GP D I F F L S I O N PCwFB OIST 2 2 0 -
SECTIONS LASL 6 6 0 0 F4 RS F i LARCA, FL UX-wE I GHT ING OF DTF4 CROSS 4 0 9 
SERVICE ROUTINES ANL 360C 36F RSBP T $ ' 'ER''C2 . MAGI C. MC*»2 L IBR4BY 4 7 2 
SERVICE RCUTINFS ENCF TAPES BNL 7C90 F+FAP R S P T » DFSR. 0 * 1 * F I L E 2 3 5 
SHAPE r S L C U L A T I C N CRNL T ' loo F2 BS « LYNNE, WCOOS-SAXON POTENTIAL 3 6 1 
SHEET CP PACKAGE KAPL 66CC E+ASC BS P T » DCGGY, DESK CALCULSTCP FORM B428 
SHFLL BUCKLING COLLAPSE ANALYSIS S A P L 5 5 C C F 4 R S P / » BUSHL, CYL R 4 e i 
SHFLL STRESS A N A L Y S I S A X I S Y M LOAD BAPL 6 5 0 0 F4 RS P T t S E 4 L S H E L L 2 , R 2 8 2 
SHFLL ^D STRUCTURAL A N A L Y S I S GGA U C ? F5 RS P T » SHELLS, TH N 4 5 2 
S H F I I S GGA 1 1 0 8 F4 RS P » S A F E - S H E L L , STRESS ANALYSIS T H I N 2 5 3 
SHFLL^ M I T 3 5 0 F 4 BS P T t S 4 B 0 B 4 , D I SCB E T E - E LE ME NT ANALYSIS T H I N B 4 0 2 
SHELLS PF REVOLUTION KAPL 66CO F4 RS P T $ SOR 2 . STRESS 4 N 4 L Y S I S R 8 0 
S H F i i ' , T H I N SHFLL TO STRUCTURAL ANALYSIS GGA 1108 FS RS P T I 4 , 2 
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S H I E L D DESIGN MULTIGROUP SLAB GECMETRY 
S H I E L C DESIGN MULTIGROUP SLAB GEOMETBY 

ANL 
BNW 

SHIELC EVALUATICN COCE BAPL 6600 F+ASC RS P 

3600 F63 RSBPL T S MAC. 
7C90 F2 RSBPL T I MAC. 

T i SPAN4. A P O I N T - K E R N E L 
S H I E L D LEAKAGE Al 7 0 9 0 F2 RS 
SHIELC WEIGHT O P T I M I Z A T I O N DOSE CALC 
S H I E L D I N G CODE CAVITY GEOM GGA 1 1 0 8 F4 
SHOCK, SPACE POWER PLANT DESIGN O P T I M I Z A T I O N 
SHOE, S H I E L D WEIGHT O P T I M I Z A T I O N DOSE CALC 
S I G M S 2 , A D L E B . ENOF/B RESONANCE XSECS BNL 6 6 0 0 F4 
S I G P L O T . RESOLVEC MULTILEVEL R-W X-SEC CALC 
S I G P L C T . RESOLVEC MULTILEVEL B-W X-SEC CALC 
S I M P L E l , T I M E - S H A R I N G PROGRAMMING LANGUAGE 
S IMULATION BAPL 5 5 0 0 F4 RS P 
S IMULATION BAPL 55C0 F4 RS P T 
S I M U L A T I C N CF BEACTOB DYNAMICS 
SINGLE FAILURE MODE BAPL 5 6 0 0 F4 
SINGLE-CHANNEL SPACE-TIME SYNTHESIS KAPL 6 6 0 0 F 4 

$ F A f i S E l A . DOSE BATE FBOM SNAP 
A l 7 0 9 4 F+FAP BS P J SHOE. 

BS P T $ MUSCAT. VIEW FACTOR 
Al 7 0 9 0 F2 RS J 
A l 7 0 9 4 F+FAP RS P $ 

RS P T t A V R A G E 3 . 4 , 
BNL 56CC F4 RS P t 
BNL 7 0 9 4 F4 RS P $ 
KAPL 6 6 0 0 F+ASC RS I 

T » F L A S H 4 . F U L L Y - I M P L I C I T TRANSIENT 
$ B U B L l , FUEL SWELLING + GAS RELEASE 

A l 360 F + BAL RS P T $ A I f i O S 2 A . 
BS P $ B E L O l , B E L I A B I L I T Y FOB A 

BS P » S T I N T 3 . 
ANL 3 5 0 0 F53 S I T E REQUIREMENT STUDY 

S I T E REQUIREMENT STUDY Al 350 F4 RS 
S I T E BECUIREMENT STUDY A l 7 0 9 4 F+FAP RS 
S I Z Z L E , 1 - 0 MULTIGROUP D I F E U S I C N DEPLETION 
S I Z Z L E , 1 -C MULTIGBOUP D I F F U S I O N DEPLETION 
S I Z Z L E , 1 - D MULTIGBOUP D I F F U S I O N CEPLETION 
SLAB CDC 1 5 0 4 E 5 3 R S P T » 
SLAB OBNL 7 0 9 0 F2 BS P T » 

RSBP 
P T 
P T 

A l 
A l 
CCC 

T i R I S 3 . PARAMETRIC 
» A IS I T E 2 . PABAMETBIC 
$ A I S I T E 2 . PARAMETRIC 

SLAB CYL 
SLAB CYL 
SLAB CYL 
SLAB CYL 

CRNL 7C90 F2 RS P 

3 6 0 F4 RSBP X T % 
7C90 F2 RS L T $ 
1 6 0 4 F53 RS L T $ 

E Q U I P C I S E 3 A . 2 - D 2 - G P D I F F U S I C N CYLINDER 
E 0 U I P O I S E 3 A , 2 -D 2-GP D I F F U S I O N CYLINDER 

E C U I F C I S E 3 , 2 - D 2-GRQUP C I F F U S I O N 
SPHEBE 
SPHERE 
SPHERE 

BNW 1 1 0 7 F4 
T $ 

RS P 

SLAB CYL SPHERE 
SLAB CYL SPHERE 
SLAR CYL SPHFRE 
SLAR CYL SPHERE 
SLAB CYL SPHERE 
SLAB CYL SPHERE 
SLAB CYL SPHERE 

RS PL 
BS PLX 

7 0 9 0 F+FAP BS L 
7 0 9 0 F+FAP PS PL 
1 6 0 4 F 5 3 
1 6 0 4 F53 

7 0 9 0 F+FAP RS L 
360O F 3 5 RS P X 

PURD 5 5 0 0 F4 
PW 1 5 0 4 LAGl 
UK-W 7 0 9 0 F2 

A l 
AT 
COC 
CDC 

Al 
ANL 

SLAB CYL SPHERE BHSC 360 E4 
SLAB CYLINDER CDC 1 6 0 4 F63 
SLAB CYLINCER ORNL 7 0 9 0 F2 
SLAB CYLINDER SPHEBE AEB 
SLAB CYLINDER SPHFRE Al 
SLAP CYLINDER SPHERE BC 
SLAR CYLINDER SPHERE CDC 
SLAB GAMMA-RAY TRANSPORT 
SLAB GECM PPCO 7 0 9 0 F2 

RS 
RS P 

3 5 0 F4 
7 0 9 0 F 2 

5 2 5 F4 
1 6 0 4 F53 

RS PL X 
PS P 
RS P 

RS P 
P T 

T * H F N , 
T $ F A I M , 
T i A I M 5 , 
T S A I M 5 , 
T $ F A I M , 

$ LLCEB, 
$ M A C H l , 1 -C 
$ M A C H l , 
$ MCCSN, 
» W-DSN, 

SLAB GECME RY 
SLAB GEOMETRY 
SLAB GECMETRY 
SLAR GEOMETRY 
SLAR GEOMETBY 
SLAB GEOMETRY 
SLAR GEOMETRY 

1-D M U L T I - G P C I F F U S I C N 
1 - 0 M U L T I - G P D I F F U S I O N 
l - C M U L T I - G P C I F F U S I O N 
1-D M L L T I - G P D I F F U S I C N 
l - C M U L T I - G P O I F F U S I O N 
1 - C M U L T I - G P C I F F U S I O N 

M U L T I - G P C I F F U S I O N 
1-D MULTI-GP DIFFUSION 
l - D M U L T I - G P SN APPROX 
1 - D M U L T I - G P SN APPROX 

T $ F A I M O S , 1-D M U L T I - G P D I F F U S I O N 
t 20GBAND. 2 - 0 FEW-GBOUP D I F F U S I O N 
t 20GBANO. 2-0 FEW-GBOUP CIFFUSICN 

BS L T $ F I R E S . 1 - 0 A G E - D I F F U S I O N 
T $ FOG. 1 -C FEW-GP C I F F U S I O N 
T t FOG. 1-D FEW-GP D I F F U S I C N 
T $ FOG. 1-D FEW-GP O I F F U S I O N 

BS P T t M 0 7 5 6 . L E T C , 1 - 0 
$ M I S T . 1-D FEW-GP SN DOUBLE SN APPBOX 

P T » B E 2 1 , FEW-GP CISCBETE OBDINATES 
$ G B A C E l , GAMMA-BAY ATTENUATION 
S MAC. SHIELD DESIGN MULTIGROUP 
» MAC, S H I E L D CESIGN MULTIGROUP 
% GRACEl, GAMMA-RAY ATTENUATION 
SAIL, 1-C 1-GP SN APPROXIMATICN 
SAIL, 1-0 1-GP SN APPBCXIMATICN 

BAPL 56CC F4 BS T » M0648. 1-D 
T $ GAZE2, 1-D MULTIGROUP DIFFUSION 

RS T » CHECKER,CRECT.DAMMET,PLOTFB, 
RS P t, HEATMESH, GEOMETRICAL DATA HEAT TRANSFER STUDY 
RAPL 6600 F4 RS T $ M0648, 1-D SLAB TRANSPORT WITH 

BS P 
BS 
BS P 

BAPL 5600 F4 
RS P 

BS BAPL 55 0.1 F4 
Al 7090 F2 
ANL 3500 F63 
BNW 70PO F2 
CDC 1604 F63 

AI 7090 F2 
CDC 1604 F53 

SLAB TRANSPORT WITH SLOWING DOWN 
SLAB, SPH, CYL GGA 11C8 F+BAL RS 
SLAV3, ENDF/R PBOC NCSC 660C F4 
SLL 5500 F4 
SLOWING DOWN 

RS 
RS 

RS P 
RSBPL 
RSBPL 
RS P 

P 
P 

SLOWING-DOWN DENSITY CALC A l 7 0 9 4 F+FAP RS PL T » TYCHE3 . MCNTE CARLC 
SLOWING-OCWN NPGS 3 5 0 F4 RS P X T J M0C5 . STOCHASTIC MODEL OE NEUTRON 
SLOWING-DOWN SPECTRUM, MULTIGP CCNSTANTS PNWL 1 1 0 8 F4 RS PLX T $ HRG3, 
SN APPROX BNW 7O90 FLOCO RSBP T $ G E - H A P 0 - S 1 3 . 1 - 0 M U L T I - G P DCUBLE 
SN APPROX SLAB CYL SPHFRE PW 1 5 0 4 LAGl RS P » MGDSN, 1-D M U L T I - G P 
SN APPROX SLAR CYL SPHERE UK-W 709C F2 RS P T $ W - D S N . 1 -D M U L T I - G P 
SN APPBCX SLAR GEOM PPCO 7 0 9 0 F2 RS P » M I S T , 1-D FEW-GP SN DOUBLE 

143 
143 

R462 
9 1 

197 
2 5 9 
114 
1 9 7 
4 6 5 
3 7 7 
3 7 7 

R 4 4 2 
R448 
R468 

3 2 6 
R 4 9 7 
R389 

172 
172 
172 

58 
58 
58 
87 
87 
39 

241 
120 

29 
2 9 

120 
118 
262 
262 
211 
132 
120 

40 
40 

9 
28 
28 
28 

R343 
59 

R 3 9 8 
45 

143 
143 

45 
52 
52 

R342 
4 3 0 
384 
4 3 4 

R 3 4 2 
149 
491 
4 6 7 

75 
211 
132 

59 



SN A P F B C X I M A T I C N CYLINDEB PPCC 7 0 4 0 F4 BS P T » T O P I C , 1 - 0 FEW-GP 
SN APPROXIMATION CVLINDEB PPCC 709C F2 BS P T $ T O P I C , 1 -C EEW-GP 
SN APPBOXIMATION BZ PW 1 6 0 4 F 6 3 RS P T S FORTRAN T D C , 2 - D M U L T I - G P 
SN A P P R O X I M A T I C N SLAB GECMETBY AT 7 0 9 0 F2 BS P t S A I L , 1 -0 1-GP 
SN APPBOXIMATIGN SLAB GEOMETBY CDC 1 6 0 4 F63 BS P t S A I L . 1-C 1-GP 
SN APPBCX I M A T I C N XY GEOM AGC 7C9C FLOCO BSBP i 2 D X Y , 2 - D M U L T I - G P 
SN CONSTANTS FOB DSN TDC PW 1 6 0 4 F63 BS P t SNC. CALCULATION OF 
SN DOUBLE SN APPROX SLAB GEOM PPCO 709C F 2 BS P t M I S T , 1 - C FEW-GP 
SN PFBTUBBfT lCN CODE U S I N G OT F4 FLUXES LASL 6 6 0 0 F 4 BS P S O A C l , 
SN THFOBY GESV 6 3 5 F4 BS P T » D 0 T 2 C E , 2 0 MULTIGBOUP D I F F U S I O N + 
5N X - S E C T I O N L IBBABY TAPE PBEPABATION PW 1 6 0 4 F53 BS $ C S P I , 
SN X - S F C T I O N LIRBABY TAPE PBEPABATION PW 1 6 0 4 F63 BS » C S P 2 A , 
SNAP GEOM Al 
SNAP GECMETBY 
SNAP GECMETBY 
SNAP GEOMETRY 
SNAP GEOMETRY 

7 0 9 0 F 2 RS $ 
Al 7 0 9 0 F2 RS 

Al 7 0 9 0 F2 BS P 
AT 7 0 9 0 F 2 BS 

Al 7 0 9 0 F? BS 
SNAP SHIELD LEAKAGE A l 7 0 9 0 F2 BS 
5 N A P K I N 5 / 5 A , 1 - R E G I O N K I N E T I C S SNAP GECMETRY 
SNAPG-10 , 1 - C M U L T I - G P D ISCRETE CRCINATE CALC 
SNC, CALCULATION OE SN CONSTANTS FOB CSN TCC 
SNEO, NONLINEAB ALGEBBAIC EQN SOLN CUBVE PLOT 
SOLID CBYSTAL UM 7 0 9 0 MAC BSE 
SOLID FUEL TUBE RUNOLES LASL 7 0 9 4 F2 

S C A B F 2 , SCATTER FPCM RACIATCR F INS 
$ S C A R l , SCATTER FBOM A BING 

S RATRAP, COSE BATE CALCULATION 
» S N A P K I N 5 / 5 A , 1 - R E G I C N K I N E T I C S 

$ MORTIMER, DOSE RATE CALCULATICN 
i F A R S E I A , COSE RATE FBOM 

Al 709C F2 BS i 
ANL 350C F 3 6 BS P T » 
PW 1 5 0 4 F53 BS P I 
KAPL 660C F + ASC BS P T » 

$ 8 U B P 4 , GAMMA-BAY PHOTOFBACTION 
BSBP $ AXTHBM, HEAT TBANSFEB 

B S P 
BS 

Al 
Al 

GEC 
ANL 

S O P H I S T l / 2 / 5 , M U L T I - G P TBANSFEB C O E F F I C I E N T S 
SCBSDR, PBESSUBE VESSEL STBESS ANC FATIGUE 
S 0 a 2 , STRESS A N A L Y S I S SHELLS OF REVOLUTION 
SCUBCE UM 7 0 9 0 MAC 
SOUBCE UM 7 0 9 0 MAD 
SOUBCE UM 7 0 9 0 MAD 
SOUBCE BUILDUP FACTOB CALC 
SOUBCE OATA NEO 5 3 5 F 4 
SOUBCE OATA ANALYSIS CNEA 
SPACE CHOBD O I S T FUNCT AEG 
SPACE PPWEB PLANT CFSIGN O P T I M I Z A T I O N 
SPACE PCWEB PLANT CFSIGN O P T I M I Z A T I O N 
SPACF-DEPENDENT X - S E C T I P N GENEBATION 
SPACE-INCEPENDENT INVERSE K I N E T I C S CALC 
SPACE-INDEPENDENT INVERSE K I N E T I C S CALC 
SPACE-INDEPENDENT K I N E T I C S KEX OPTIONS 
SPACE-INCEPENDENT K I N E T I C S KEX O P T I O N S 
SPACE-INOEPENDENT K I N E T I C S W/EEECBACK A l 
SPACE-INCEPENDENT K I N E T I C S W/FEEDBACK AEB 360 F4 

SPACE-INCEPFNDENT K I N E T I C S W/FEECBACK A l 7 0 9 0 F 2 
SPACE-INDEPENDENT K I N E T I C S W/EEEC8ACK CDC 1 5 0 4 F63 
SPACE- INDEPENDENT REACTPR K I N E T I C S GGA 1 1 0 6 F4 
SPACE-INDEPENDENT REACTOR K I N E T I C S COCE ANL 3 6 0 F4 
SPACE- INDEPENDFNT REACTOR K I N E T I C S CCCE LASL 6 6 0 0 F4 
SPACE-TIME O I F F U S I O N ANL 35C F4 RS P 
SPACE-TIME D I F F U S I O N FEEDBACK BAPL 6 6 0 0 F4 RS P 
SPACE-TIME D I F F U S I O N FEEDBACK BNL 6 5 0 0 F4 
SPACE-T IME D I F F U S I O N 3-GEOM BAPL 5 6 0 0 F4 
SPACE-TIME D I F F U S I O N 3-GECM GGA 1 1 0 8 F4 
S P A C E - T I M E K I N E T I C S BCL 6 4 0 0 F 4 RS P 
SPACE-T IME SYNTHESIS KAPL 6 6 0 0 F4 RS P 
SPAN4, A P O I N T - K E R N E L SHIELD EVALUATION CCCE 
SPARTA, S P A T I A L L Y - A V E R A G E D DOPPLER EFFECTS 
SPATIAL REACTOB K I N E T I C S CODE ANL 3 6 0 F4 
SPATIAL REACTOR K I N E T I C S CDDE ANL 36C0 35F 
SPAT IALLY-AVERAGED DOPPLER EFFECTS NED 

LRL 7 0 9 0 F+FAP RS P T » 
KAPL 6 6 0 0 F4 RS I 
KAPL 5 6 r c F4 RS P T I 

RSB J BURP2, CETECTOR E F F I C I E N C Y D I S K 
RSB t B U R P l , CETEGTOP EFF IC IENCY POINT 
BSR » BURP3 , DETECTOR E F F I C I E N C Y PCINT 
BAPL 5 6 0 0 F+ASC BS P T S A S P I S , GAMMA BAY 
BS P T $ E X P N , ANALYSIS CF PULSEC NEUTBON 

t T B I F I D O , PULSED NEUTBON 
S CANCCFF J B , MODERATOB 

BS 
RS 

BSBP 
BSBP 
BS 
BSBP 
RS P 

3 6 0 F4 
7 0 9 0 F2 

% CROCK, 
» SHOCK, 

T « GROUSE, 
% B 1 0 2 , 
» B 1 0 2 . 
% B l O l , 
t B l O l . 

T S A I R O S , 
$ A I B E K 3 . 
t A I B E K 3 . 
S A I B E K 3 , 

t G A P O T K I N , 
T t ANCON, 
T t ANCON, 

% TWIGGLE, 2 - 0 2 -GP 
T t T W I G L , 2 - 0 2-GP 

T t NOAH. 1 -C CNE-GP 
T t W I G L 2 , 1 - 0 2 -GP 
T S W I G L 2 , 1 - 0 2-GP 

S ADEP, 10 ANO 2 0 FEW-GROUP 
$ S T I N T 3 , SINGLE-CHANNEL 

BAPL 5 5 0 0 E+ASC BS P T « 
NED 2 0 0 0 F2 BS P » 

BS PL CT t QXl. OUASISTATIC 
BS PL OT t 0X1. OUASISTATIC 

2000 F2 BS P » SPABTA. 

7090 F2 
7090 F2 
63% F4 
3600 F53 

WANL 7094 F4 
ANL 3500 F63 
WANL 7094 F4 

7094 F+MAP PS P 
BS P 
BS 
BS P 

BS P 
BS P 
BS P 

BS P 
BS P 
PS P 

T t T S N , 
T t T S N . 

S P A T I A L L Y - D E P E N D E N T BEACTCB K I N E T I C S A l 3 6 0 F4 RS P 
SPATTALLY-CEPENOENT REACTOR K I N E T I C S Al 7 0 9 4 F + MAP BS P 
SPEC. T I M E - O F - F L I G H T OATA ANALYSIS GEES 11C8 FS RS P T » " " ' B ' R D . 
S p 5 , ; „ . ORNl 3 6 0 F 4 RS P S ALPHA-M, RESOLUTION OF GAMMA RAY 

14 8 
148 
151 

52 
52 
18 

169 
59 

4 5 5 
4 5 9 
194 
193 
U O 
U l 
141 
1 2 2 
142 

9 1 
122 
2 8 8 
189 

B354 
159 
183 
1 6 0 

B 3 9 1 
B 80 

15 5 
164 
166 

B 4 2 9 
2 5 8 
4 8 9 
150 
112 
114 
4 2 0 
158 
168 
255 
255 
163 
1 2 1 
1 2 1 
121 
317 
466 
4 8 6 

B338 
B 3 3 8 

4 0 5 
R274 
R 2 7 4 

4 9 4 
R 3 6 9 
R 4 6 2 

1 7 8 
4 7 4 
4 7 4 
1 7 8 
3 0 9 
3 0 9 
4 7 6 
4 1 3 
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SPECTRA A N A L Y S I S KAPL 6 5 0 r F 4 BS T t GASPAN, COMPLEX GAMMA-BAY 8 4 8 5 
SPFCTRA ANC GROUP-AVERAGED X-SEC CALC GGA 1 1 0 8 E4 BS P X T » G A F . G A R . 316 
SPECTRA C A L C U L A T I C N WITH CEPLETICN JNC 1 1 0 8 FS RS LX T $ LEOPARD. 279 
SPECTRA CALCULATION WITH DEPLETION WAPD 3 6 0 F4 RS PLX T $ LEOPARD, 279 
SPECTRA CCCE BNWL 1 1 0 8 F+BAL RS P T J G S S L R N I B . LEAST SQUARES PHOTOPEAK 4 5 7 
SPFCTRA ENDF/R OATA ORNL 3 5 0 F4 RS P T S R I C E . PRIMARY RECOIL ATOM 4 5 3 
SPECTRA GGA U C R F+RAL R S P T $ TOAD. PROCESSING CF ANALYZER GAMMA-BAY 333 
SPECTRA GG6 1 1 0 8 F4 RS PLX T $ GGC4. M U L T I - G P X - S E C T I O N S EAST THERMAL 2 9 8 
SPECTRA GGA 55Cn E4 RS L T $ GGC4. M U L T I - G P X - S E C T I O N S EAST THERMAL 298 
SPECTRA KSUN 3 5 0 E4 PS P » CORGAM, UNFOLDING OF COMPLEX GAMMA-RAY 390 
SPECTRA, MC CALCULATICN I R R A C I A T E C MATERIAL GEC 7 0 9 0 FAP RSBP X T $ 422 
SPECTRUM SNO X - S E C T I O N CALCULAT ION GEV 7 0 9 4 F + FAP RS P T t EPITHERMOS, 2 0 1 
SPECTRUM CALC WITH BURNUP CYL L A T T I C E WAPD 7 0 9 4 F + MAP RS PLX T i LASER. 2 4 9 
SPECTRUM M U L T I - G P CONSTANT CALC AGC 7 0 9 0 F + FAP RSBPLX T $ AGN-GAM. FAST 2C4 
SPECTRUM X - S E C T I O N CALC RNWL 1108 F5 RS PLX T » B B T l . THEBMAL 184 
SPECTRUM X - S E C T I O N CALC A l 7 0 9 0 F2 RS PL T $ FORM, FAST NEUTRON 51 
SPECTRUM X-SECTION CALC ANL 3 6 0 0 F6 3 BS LX T $ G A M l . FAST NEUTBON 33 
SPECTRUM X - S E C T I O N CALC CDC 16C4 E 5 3 BS PL T $ FOBM, FAST NEUTBCN 5 1 
SPECTRUM X - S E C T I D N CALC CDC 16C4 F63 PS PLX T $ G A M l , FAST NEUTRCN 33 
SPECTRUM X - S E C T I O N CALC GGA 7C90 E2 BS PLX T $ G A M l . FAST NEUTRCN 33 
SPECTRUM X - S E C T I C N CALC ANL 3 5 0 0 F63 RSBP X T $ T HERMOSI ANL ) . THEBMAL 164 
SPECTRUM X - S F C T I O N S A l 7 0 9 0 F+FAP RS L T $ O U I C K I E . I N F I N I T E MECIUM 119 
SPFCTRUM X - S E C T I O N S A l 7 0 9 0 F+FAP RS PL T $ TEMPEST2 . THERMAL NEUTRON 50 
SPECTBUM X - S E C T I C N S BHSC 3 6 0 F4 RS PL T $ T E M P F S T 2 . THERMAL NEUTRON 50 
SPECTBUM X - S E C T I O N S COC 1 5 0 4 F 6 3 RS PL T $ TEMPEST2 . THERMAL NEUTRCN SO 
SPECTRUM, MULTIGP CCNSTANTS BNWL 1 1 0 8 F4 RS PLX T $ HRG3. SLOWING-DOWN 4 6 7 
SPH PW 160«i F 5 3 RS P $ A X - T N T . COUPLED NEUTRCNI CS-HYCRO CY N AM I CS 1 9 1 
S P H . CYL GGA U O B F + 8AL RS P T » G A Z E 2 , 1 -0 MULTIGROUP D I F F U S I C N S L A B . 4 3 0 
SPHERE RNW 1 1 0 7 F4 PS P T $ H F N , 1-C M U L T I - G P C I F F U S I O N SLAB CYL 2 4 1 
SPHFRE A l 7 0 9 0 F+FAP RS L T t F A I M , 1 -0 M U L T I - G P D I F F U S I C N SLAB CYL 120 
SPHERE A l 7 0 9 0 F + FAP RS PL T J A I M 6 , 1-D M U L T I - G P D I F F U S I O N SLAB CYL 2 9 
SPHFRE CDC 1 5 0 4 F 5 3 BS PL T » A I M 6 . 1-C M U L T I - G P C I F F U S I O N SLA8 CYL 29 
SPHERE CCC 1 5 0 4 F63 BS PLX T » F A I M , 1-D M U L T I - G P O I F F U S I O N SLAB CYL 120 
SPHERE CDC 3 5 0 0 F63 BSBP t A X l , COUPLED NEUTBONICS-HYDRODYNAMICS 102 
SPHERE AEB 350 F 4 RS L T » F I R E S , 1-C A G E - C I FFUS ICN SLAB CYLINDER 9 
SPHERE A l 7 0 9 0 F+FAP RS L T » ULCER, 1 -0 M U L T I - G P D I F F U S I C N SLAB CYL 118 
SPHERE ANL 3 5 0 0 F 3 6 RS P X T » M A C H l , 1-C M U L T I - G P D I F F U S I O N SLAB CYL 262 
SPHERE PUBC 6 5 0 0 F4 RS PLX T $ M A C H l , 1-C M U L T I - G P D I F F U S I O N SLAB CYL 262 
SPHFRE PW 16C4 L A G l RS P $ MGDSN, 1 - 0 M U L T I - G P SN APPROX SLAB CYL 2 1 1 
SPHERE UK-W 7 0 9 0 F2 RS P T » W-DSN, 1-D M L L T I - G P SN APPROX SLAR CYL 132 
SPHERE A l 7 0 9 0 F2 BS P T $ FCG, 1 - 0 FEW-GP D I F F U S I O N SLAB CYLINDER 28 
SPHERE RC 525 F 4 RS T $ F O G , 1-D FEW-GP D I F F U S I C N SLAB CYLINDER 28 
SPHERF BHSC 3 6 0 F4 RS P T t F A I M O S , 1-D M U L T I - G P D I F F U S I O N SLAB CYL 1 2 0 
SPHERE CDC 16C4 F53 RS P T $ F C G , 1-D FEW-GP D I F F U S I O N SLAB CYLINDER 28 
SPHERE GEOM A l 7 0 9 0 F2 R S P t GRACE2 , GAMMA-RAY ATTENUATION CYL 46 
SPHERE GECM CCC 1 5 0 4 F53 RS P S GRACE2, GAMMA-RAY ATTENUATION CYL 4 5 
SPHERE LRL 709C E2 RS P t CONEC. CCUPLED NEUTRON I C S - H Y OBO CY NAM ICS 129 
S T A B I L I T Y ANALYSIS BEACTOR K I N E T I C S EQNS GGA 11C8 F 4 RS P $ GASA. 2 9 0 
STATION E L E C T R I C I T Y CCSTS CRNL 1 5 0 4 F63 RS P » POWERCO. NUCLEAR 340 
S T A T I S T I C A L RESONANCF PARAMETER CALC GGA 1 1 0 8 F4 RS P S PSEUOO. 2 9 2 
STEADY-STATE ANC TRANSIENT TEMP CALC GGA 1 1 0 8 FS RS P T $ T A C 2 D . 4C8 
STEADY-STATE FLCW, PBESSUBE C I S T R I B U T I O N GGA 1 1 0 8 FS RS P $ FLAG. 395 
STFACY-STATE HEAT TRANSFER A l 7 0 9 4 F+FAP RS P T » H E A T I N G 2 . TRANSIENT 198 
STEADY-STATE TFMPERATURE V O I D FRACTION A l 7 0 9 0 F2 RS $ FUGUE. 4 8 
STEADY-STATE THERMAL-HYDRAULIC A N A L Y S I S NED 6 3 5 F4 RS P T J MANTA, 255 
STEADY-STATE THERMAL-HYDRAULIC A N A L Y S I S WARD 66C0 F4 RS P T t MANTA, 255 
STEAM GGA 1 1 0 8 F4 PS P T t CYNAM, CYNAMIC A N A L Y S I S B O I L I N G FLOW 4 * 0 
STEAM AND WATEB PBOPEBTIES BGE 3 6 0 F4 BS T $ S T E A M - 6 7 , 1 9 6 7 ASME 4 8 7 
STEAM GENEBATOB CESIGN C R I T E R I A COSTS GGA 7 0 4 4 F 4 RS P T » STMGEN, 2 2 7 
STEAM TABLES 1 4 . 5 - 1 4 , S O O P S I A 3 2 - 4 7 2 C E G F BAPL 6 5 0 0 F4 RS T » WATER, R 2 6 7 
STEAM TABLES 1 4 . 5 - 2 5 3 8 P S I A ANL 1 6 0 4 F63 RS P $ M 0 8 9 9 , H 0 H , R294 
STEAM TABLES 1 4 . 5 - 2 5 3 8 P S I A BAPL 6 6 0 0 F 4 RS P T » M 0 8 9 9 , H 0 H , R294 
STEAM THERMODYNAMIC PROPERTIES BAPL 5 6 0 0 F 4 RS P T » WASP, WATER AND R396 
STEAM-WATER MIX KAPL 6 6 0 0 F4 RS P $ RAPP, H I G H - V E L O C I T Y FLOW STUOY R 3 8 2 
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5 T E A M - 6 7 , 1 9 6 7 ASME STEAM AND WATER PROPERTIES BGE 3 6 0 F4 RS T J 4 8 7 
STEM, MATPIX GENERATION FOR A SYSTEM OF SEAMS KAPL 660C E4 RS P » R337 
S T I N T 3 . S INGLE-FHANNEL S P A C E - T I M E SYNTHESIS KAPL 6 6 0 0 F4 BS P J 8 3 8 9 
STMGEN, STEAM GENEBATOB DESIGN C B I T E B I A COSTS GGA 7 0 4 4 F 4 RS P T t 2 2 7 
STOCHASTIC MODFL OF NEUTRCN SLCWING-CCWN NPGS 3 6 0 F4 RS P X T J MOOS, 4 9 1 
STORAGE. B E T R I E V A L , AND D I S P L A Y DP 350 F+BAL S T $ JOSHUA, OATA 4 9 0 
STBESS £ DEFORMATICN BAPL 5 6 0 0 F4 RS P T $ C Y G B 0 3 , OXIOE FUEL ROO R 4 4 9 
STRFSS A N A L Y S I S KAPL 6 5 C 0 F4 RS P t T U B E . U -TU6E HEAT EXCHANGER R378 
STRESS ANALYSIS ANL 3 6 0 0 F 36 R S P T » 5LP0BAN, REACTOR CCBE SUPPCBT 3 5 7 
STRFSS ANALYSIS GGA U O R F4 RS P » S A F E - 2 0 . PLANE + AXISYMMETRIC 3 7 9 
STRESS A N A L Y S I S AXISYM LOAD RAPL 6 6 0 0 F4 BS P T t SEALSHELL2 , SHELL R282 
STBESS ANALYSIS AXISYMMETRIC LOAC GGA 7 0 4 4 F4 RS P T t S A F E - P C R S . 2 5 0 
STRFSS ANALYSIS AX ISYMMETRIC LOAD GGA 7 0 4 4 F4 RS P T $ S A F E - A X I S Y M , 2 5 1 
STRESS ANALYSIS CYL FUEL ELEMENT RAPL 66C0 E4 RS T t C Y G R 0 2 , R266 
STRESS ANALYSIS SHELLS CE PEVPLUT ICN KSPL 6 6 0 0 F4 RS P T » S 0 B 2 , 8 £0 
STRFSS A N A L Y S I S STUDY GGA 7C44 F4 BS P T » ELBCW, FUEL ELEMENT 2 2 9 
STBESS ANALYSIS T H I N SHELLS GGA 1 1 0 8 F4 BS P » S A F E - S H E L L , 253 
STRESS A N A L Y S I S , 2 - 0 BODIES BNL 6 5 0 0 F4 BS P T » S A F E - P L A N E , PLANE 2 5 2 
STBESS A N A L Y S I S , 2 - P BODIES GGS 1108 F4 RS P t S A F E - P L A N E , PLANE 2 5 2 
STRESS ANC FATIGUE KAPL 5 6 0 0 F4 BS « SORSDB, PBESSUBE VESSEL R 3 9 1 
STRFSS OF P I P I N G SYSTEM BAPL 56CC F4 RS P T $ M P 4 5 7 , P I P E , ELASTIC R 3 2 9 
STBESS STUCY GGA 1 1 0 8 F 4 BS P T » S A F E - 3 D , 3 - 0 COMPCSITE STRUCTUBE 332 
STRESS STUDY CRNL 3 6 0 F + BAL BS P T $ S S F E - 3 D , 3 - D COMPOSITE STBUCTURE 332 
STRFSS STUCY BAPL 56CC F+COM RS P T » G A P L 3 . I N E L A S T I C LABGE CEFLECTICN B397 
STRESS, MAXIMUM MOMENT CALC A l 7 0 9 0 F+FAP RS T $ 4RESTRAINT P I P E 1 0 9 
S T R I P , RESCLVEC RESONANCE INTEGRAL CALCULATICN BW 2 0 0 0 F4 BS « 305 
STRUCTURAL ANALYSIS GGA 1 1 0 8 E5 BS P T t SHELLS. T H I N SHELL 3D 4 5 2 
STRUCTURAL DYNAMICS RAPL 5 6 0 0 F4 BS P T $ M 0 2 6 6 , LINEAR ELASTIC 8 3 6 3 
STRUCTURE STRESS STUDY GGA 1 1 0 8 E4 RS P T t S A F E - 3 C . 3 - 0 COMPOSITE 3 3 2 
STRUCTURF STRFSS STUDY ORNL 3 5 0 F + BAL RS P T » S A F E - 3 D . 3 - D CCMPCSITE 332 
STRUr TURFS BAPL 6 6 0 0 F4 RS P T $ flL47, DRAFTING TOOL TO PLOT PLANE R 3 7 3 
STRUCTURES KAPL 66 , :0 F 4 RS P X » F I N E L . F I N I T E - E L E M E N T STUCY 2 . 3 - 0 B4C4 
SUBfiCUTINE L I R . 8+W 6 6 0 0 E+ASC BS T $ B E T T I S ENVIBONMENTAL fiCUTINES. B478 
SURROUTINE L I R . RAPL 6 6 0 0 F + ASC RS T » BETT IS ENVIRONMENTAL R O U T I N E S , B 4 7 8 
SUBBPUTINFS A l 3 6 0 F+BAL BS T t F I G S , I B M 3 5 0 + 2 2 5 0 FOBTBAN GBAPHICS 4 8 4 
SUM OF EXPONENTIALS MIT 7 0 9 0 F2 BS P . F B A N T I C , LEAST SQUABES I T 324 
SUMMIT, C R Y S T A L L I N E SCATTEBING KEBNEL CALC tGA 7 0 9 0 F2 RS T t 56 
SUMOR, S-WAVE NEUTBON X - S E C T I O N CALCULATION BAPL 650C E4 BS P T » B399 
SUPERTOG. ENOE/R F I N E - G F CCNSTANTS GENEBATION ORNL 360 F4 RS P T » 4 3 1 
SUPORAN. REACTOB CORE SUPPORT STRESS ANALYSIS ANL 3<>00 F35 RS P T $ 3 7 

SUPPCBT STBESS ANALYSIS ANL 36C0 F36 R S P * . ^ ' . T o p l r ^ O R FF S I G S t 4 2 7 
SURVEY STUOY P£W 66.10 E + CCM BS P X T » FARED. 1 -C FAST R " C J O R CE SIGN £ 4 2 7 
SWELLING + GAS RELEASE S I M U L A T I O N RAPL 6 6 0 0 F4 RS P T t B U B L l . FUEL B468 
SWELLING TEMPEPATUBE STUDY BAPL 5 5 0 0 E4 RS P T t E I G B a . LSBR FUEL B272 
SWELL2. EUEL ELEMENT L . F J T I M E ^ ANALYS .S^_^^ ^ ^ _ ^^ ANL^ 3 6 0 0 F 3 5 ^ ^ RSBP ^ | 3^3 

R3e9 
135 
2 8 7 
4 9 5 
192 

S3 
5 3 

7 
108 

53 
S4 CYL CFLL C O D E , 1 U 1 - G H b4 n r r ,^LA. r - , . ^,. ^ - - - i S3 
S4 CYL CELL COCE, l - D l - G P S4 APPROXIMATION CDC 1 6 0 4 F 5 3 RS P » S3 
TABLES 1 4 . S - 1 4 . . 0 C , P S I A 3 2 - 4 7 2 C E G E e»PL 66CC F4 RS l l ^ ^ ' X l S T I A M R294 

]^[l\Y::l:r^l^\t ZWlliy.t^ III - - 9 9 . H 0 H STEAM R294 
T A C A S I . ANALYSIS PF RESONANCE MEASLREMENTS GGA C8 F4 B P T » I 
T A C 7 C . STEACY-STATE ANO TBANSIENT TEMP CALC GGA H C e F S B 5 P i » '-
T S C ' O . T R A N S I F N T 3 - D HEAT TBANSFEB PBOGBAM GGA 1 1 0 8 " Rb ^ ' ' ^ ' 
TAPF GGA 7 0 4 4 F+MAP RSRP % UNPACK, R E T R I E V A L FROM SCISRS X - S E C T I C N 2 0 5 
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TAPE E D I T REACTION RATES UK-W 7 0 9 0 F2 
TAPE MAINTENANCE ANL 3 5 0 F4 RS 
TAPE PREPARATICN PW 1 6 0 4 F6 3 RS 
TAPE PREPARATION PW 1 5 0 4 F63 RS 

BS » WEO. W-DSN OUTPUT 
t MERMC2. M C * * 2 BINARY LIBRARY 

$ C S P I , SN X - S E C T I O N L IBRARY 
$ C S P 2 A , SN X - S E C T I C N LIBRARY 

TDC PW 1 5 0 4 F53 RS P $ SNC. CALCULATION OF SN CONSTANTS FOR DSN 
TDC OR 2DXY FLUX INPUT PW 1 6 0 4 F63 RS $ T C P . 2 - 0 PERTURBATION 
TCC. 2 - C M U L T I - G P SN APPROXIMATION RZ PW 1 6 0 4 F 6 3 RS P T t FORTRAN 
T D P . 2 - 0 PERTURBATION TDC OR 2DXY FLUX INPUT PW 1 6 0 4 F 6 3 RS $ 
TDSN, 2-D MULTIGROUP DISCRETE ORDINATE PROGRAM LER 7 0 9 0 F+MAP RS P T $ 
TEMCO. 1 - 0 EEW-GP D I F F U S I O N TEMP COEF CALC GGA 7 0 4 4 F4 RS P T $ 
TEMC07 , TEMPERATURE C O E F F I C I E N T CALCULATION GGA 1 1 0 8 F4 RS P T $ 
TEMP CALC GGA 1 1 0 8 FS RS P T t T A C 2 C . STEADY-STATE ANO TRANSIENT 
TEMP COEF CALC GGA 7 0 4 4 F4 RS P T 1 TEMCO. 1-D FEW-GP D I F F U S I O N 
TEMP FEEDBACK GGA 1 1 0 8 F4 RS P T $ G A K I T , 1-D MULTIGP K I N E T I C S WITH 
TEMPERATURE CALC CYLINDER ANL 35CC F 5 3 RSBP T » ARGUS, TRANSIENT 
TEMPERATUBE COCE GGA 7 0 4 4 F4 BS 
TEMPERATUBE C O E F F I C I E N T CALCULATION 
TEMPEPATUBE D I S T STUDY AEB 360 F4 
TEMPERATUBE D I S T B I B U T I C N PBOGBAM 
TEMPEBATURE D I S T R I B U T I O N PRCGRAM 
TEMPERATURE FEECBACK BAPL 5 5 0 0 F4 
TEMPFRATURE HISTORY KE 7 0 9 4 F2 
TEMPERATUBE STUDY BAPL 55CC F 4 
TEMPERATUBE V O I C FBACTION A l 7 0 9 0 F2 BS 
TEMPEST COMBINATION Al 7 0 9 0 E2 BS P 
TEMPEST2 , THEBMAL NEUTBON SPECTRUM X - S E C T I C N S 
TEMPEST?, THERNSL NEUTRCN SPECTBUM 
TEMPEST2 , THERMAL NEUTRON SPECTBUM 
THEORY GESV 5 3 5 F4 RS P T 
THERMAL ANALYSIS BCL 5 4 0 0 F4 
THERMAL DESIGN STUDY GGA 7 0 4 4 F 4 
THEPMAL HYCSAULIC WATER-REACTOR CESIGN 
THEBMAL NEUTRON SPECTRUM X-SECT IONS Al 

t COBE, COBE CONFIGUBATION FUEL 
GGA 1 1 0 8 F4 BS P T » T E M C 0 7 , 
RS P » B L A S T , REACTOB K I N E T I C S 

CHI U C B F4 BS P T $ L I O N . 3-D 
KAPL 5 5 0 0 F+ASC BS P T $ L I O N . 3 - D 

a s P T » NOWIG. 1-D 2 - G P K I N E T I C S 
T S P T H l , BLOWCOWN PBESSUBE 
% F I G R O , LSBR FUEL SWELLING 

t FUGUE, STEADY-STATE 
t BAM, S4 CYL CELL CODE AND 

Al 7 0 9 0 F+FAP BS PL T S 
BHSC 36C F4 RS PL T t 
CDC 1 6 0 4 F53 RS PL T S 

I D 0 T 2 0 B , 2D MULTIGROUP D I F F U S I O N + SN 
BS P T J N U B L O C - l . O , LOSS-OF-COOLANT 

BS P $ G A Z E L L E S . GAS-CCCLEC COBE 
BNWL 1 1 0 8 FS RS P T $ B E P P . 

7 0 9 0 F+FAP BS PL T $ TEMPEST2. 

RSBP 
RS P T 

X-SECTIONS 
X-SECTICNS 

TEMPEST2 . 
TEMPEST2. 

T t TOR. 

THERMAL NEUTRPN SPECTRUM X - S E C T I O N S BHSC 3 6 0 F4 RS PL T $ 
THEBMSL NEUTRON SPECTRUM X - S E C T I C N S CCC 1604 F63 RS PL T $ 
THERMAL SCSTTERING CRYSTALLINE MATERIALS LASL 6 6 0 0 F4 RS P 
THEPM4L SCATTERING DATA PROC DP 3 6 0 F4 RS P T t F L A N G E 2 . ENOF/B 
THERMAL SCATTFBING DATA PPCC GGA 1108 F4 RS T $ FLANGE2, E N D F / 6 
THERMAL SCATTERING DATA PROC GGA 11C8 F4 RS T $ F L A N G 2 / S C . ENDF/B 
THEBMAL SCATTEBING LAW CALCULATION GGA 1108 F4 BS P » GASKET. 
THEBMAL SPECTBA GGA 1 1 0 8 F4 RS PLX T $ GGC4, M U L T I - G P X - S E C T I O N S FAST 
THERMAL SPECTRA GGA 5 6 0 0 F4 RS L T » G G C 4 . M U L T I - G P X - S E C T I C N S FAST 
THERMAL SPECTRUM X - S E C T I O N CALC BNWL 1108 F5 RS PLX T t B R T l . 

ANL 3 6 0 0 F53 RSBP X T * T H E R M O S ( A N L ) . THERMAL SPECTBUM X - S E C T I O N CALC 
THEBMSL-HYDRAULIC ANALYSIS NED 6 3 5 F4 
THFRMSL-HYDRAULIC ANALYSIS WARC 5 5 0 0 F4 

ANL 3 6 0 F4 

R S P 
RS P 

RS P 
RS P 

7 0 9 4 F2 
BS P T 

T t MANTA. STEADY-STATE 
T $ MANTA, STEADY-STATE 

T t C 0 B B A 3 , BOC BUNDLE 
T % C 0 B B A 3 , BCD BUNDLE 

BS PL T » C Y C L O P S l . 
t WASP, WATEB AND STEAM 

BS P T $ T O P S . TRANSIENT 
ANL 3 6 0 0 F63 RSBP X T 1 

11C8 FS RS P T $ SHELLS. 
RS P $ S A F E - S H E L L , STRESS A N A L Y S I S 

T t SAB0R4, D ISCRETE-ELEMENT ANALYSIS 
RS8 L T » C L I P , FOBM CB 

THEBMALHYDBAULIC ANALYSIS 
THEBMALHYCBAULIC ANALYSIS BNWL 11C6 F4 
THEBMCOYNAMIC CYCLE ANALYSIS A l 
THEBMODYNAMIC PBOPEBTIES BAPL 65C0 F4 
THFRMCDYNAMICS CF PRESSURIZERS BAPL 5 6 0 0 E4 
T H E R M P S ( A N L ) , THERMAL SPECTRUM X - S E C T I C N CALC 
T H I N SHELL 3D STRUCTURAL ANALYSIS GGA 
T H I N SHFLLS GGA 1 1 0 8 F4 
THIN SHELLS M I T 3 6 0 F 4 RS P 
THREDES LIBBABY U T I L I T Y BOUTINE A l 3 6 0 E4 
THREDES. 1-D FEW-GP D I F F U S I C N CESIGN SYSTEM A l 360 E4 RSBP T t 
T H T E . 3 -D TBANSIENT HEAT TRANSFER PBOGBAM GEC 6 3 5 F + GMP BSEP T S 
THUNDERHEAO, EXTERNAL + INTERNAL DOSE A l 7 0 9 4 F+FAP RS PL T $ C U R I E , D O S E , 
T I G I R 2 , MODULAR DOCUMENT INFCBMATICN SYSTEM KAPL 5 6 0 0 F 
T I M E - C E P 2 - C M U L T I - G P O I F F U S I O N UMCC 35C F4 BS P T t 
T I M E - C E P 2 - D M U L T I - G P O I F F U S I O N WANL 660C F4 RS P T I 
T IME-DEPENDENT D I F F U S I O N CALC KAPL 6 6 0 0 F4 RS P $ R A U M Z E I T , 1-D 
TIME-CEPENCENT C I F F U S I O N GGA 11C8 F4 RS P T $ G A K I N . 1-D MULTIGRCUP 

R 8 T J 
VARI-QUIR. 
VARI-QUIR. 

133 
472 
194 
193 
189 
199 
161 
1 9 9 
312 
225 
320 
4 0 8 
2 2 5 
3 7 0 
152 
233 
3 20 
363 

R299 
R299 
R371 

155 
R272 

4 8 
108 

SO 
50 
50 

4 5 9 
328 
2 3 2 
4 8 3 

50 
50 
SO 

350 
358 
366 
3 6 8 
253 
298 
298 
184 
184 
255 
255 
432 
432 
244 

R396 
R348 

184 
452 
253 

R402 
271 
273 
345 
195 

R40 3 
212 
212 

R352 
310 
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T I M E -
TIME 
T I M F -
TCAO, 
TOOOE 
TCCL 
TOPIC 
TOPIC 
TOPS. 
TOR 0 
TDB, 
TPAEI 
TRANS 
TRANS 
TPANS 
TRANS 
TPANS 
TPANS 
TPANS 
TRANS 
TBANS 
TBSNS 
TBANS 
TRANS 
TBANS 
TPANS 
TRANS 
TBANS 
TRANS 
TBANS 
TRANS 
TPANS 
TPANS 
TRANS 
TBANS 
TRANS 
TPANS 
TBANS 
TPANS 
TPANS 
TPANS 
TRANS 
TRANS 
TRANS 
TBANS 
TBANS 
T B I - M 
TB IAN 
T B I F I 
TBI XI 
TBNSP 
TBOUT 
TRW-M 
T S N . 
TSN. 
TUBE 
TUPE 
T U B E . 
TURBU 
TUZ 
TWIGG 
TWIGL 
TWOTR 
TWOTR 

„ . ^ T t n w PPCO 7 0 4 4 E + MAP RS P T » TCODEE. 2 - D 
OFPFNDENT HEAT CQNOUCTION / J J ^ g ^ ^ pS P T S CAGE. B I R D , SP EO, 
O F - E L I G H T DATA A N A L Y S I S GEES l ' " " " ^^ , , S I M P L E l . 
SHARING PRHGPAMMING LANGUAGE „ . / ^ ^ ^ 6 6 C 0 F + A SO RS » S ^ M P L f c l . 

PRnCFSSTNT OF ANALYZE" GAMMA-PAY SPECTRA GGA 11C8 F+BAL R5 H I 
F 5 - 0 T M F - S F PENDENT HEAT CONDUCTION PPCO 7 0 ' . 4 F+MAP BS P T 
TO PLOT PLANE S T B S C T U R E S BAPL 6 5 0 0 F4 RS P T $ B L 4 7 . DRAFT NG 

I I D FEW-GP SN APPROXIMAT ION CYLINDER PPCO 7 0 4 0 F4 RS P T 
' \.n FEW-GP SN A P P R O X I M A T I O N CYL INDER PPCO 7 0 9 0 F2 RS P T 
' T R A N S I E N T T H E R M O C Y N A M I C S O F PRESSURIZERS BAPL 56CC E4 BS P T 
L T P S T DATA LASL 5 6 0 0 E4 BS P T » G L E N , GBOUP CONSTANT CALC FROM 
THEPMAL SCATTERING C B Y S T A L L I N E M A T E R I A L S "-ASL 5 6 0 0 F4 R S P T 
C C R P C B A T I C N , TBANSFEB FUNCT ION S Y N T H E S I S ANL 3 6 0 C F 6 3 BSBP T 

FUCUEl T B A N S I E N T FLOW AND HEAT TBANSFEB AT 7 0 9 4 F2 BS P T 
; « CCA 1 1 0 8 F+BAL RS P T S B L 0 C S T 6 , COMBINED K I N E T I C S 2 - D HEAT 

R A l 7 0 9 4 F + FAP B S P T i H E A T I N G 2 . TBANSIENT STEADY-STATE HEAT 
FEB A l 7 0 9 4 ^ T B A N S - F U G U E l , TBANSIENT FLOW ANC HEAT 

F+EAP RS P T » S O P H I S T l / 2 / 5 , M U L T I - G P 
PW 1 6 0 4 F53 RS P « CMPXMAT, 

35CC F 6 3 BSBP T $ T B A F I C C B P C B A T I C N , 
» BLOOSTS, P O I N T - K I N E T I C S WITH 2 - 0 HEAT 

RS P T I A G N - S I G M A , CALC OF M U L T I - G P 
LASL 7 0 9 4 F2 RSBP » A X E L U . HEAT 

T i THTE , 2 - 0 TRANSIENT HEAT 
T $ T A C 3 D , TRANSIENT 3 -D HEAT 

EFR A l 7 C 9 4 F 2 RS P T 
FER CCEFFIC IFNTS LRL 709C 
FER F L N C T I C N E V A L U A T I O N 
FER FUNCTION SYNTHESIS ANL 
FEB GGA 7 0 4 4 F+MAP RS P T 
FER MATBICES AGC 7 0 9 0 F2 
FEB MOLTFN EUEL TUBE BUNDLES 
FEB PROGRAM GEC 5 3 5 F + GMP RSBP 
FER PROGRAM GGA 1 1 0 8 FS BS P 

l E N T FLOW AND HFAT TRANSFER A l J ^ O ^ ' ' F2 PS P ^ _ P 
lENT HEAT CONDUCTION PROGRAM BSPL 65CC F 4 RS P ^ _ ^ 
lENT HEAT TBANSFEB PRCGBAM GEC 6 3 5 F + GMP RSB^ p , , c i T 
lENT S I M U L A T I O N BAPL 5 6 0 C F4 BS P ^ » FLAb . H E A T I N G 2 . 
lENT S T E A C Y - S T A T E HEAT TBANS EB A l 0 9 4 F+FAP RS ^ ^ ^ ^ ^ ^ . ^ ^ . ^ , , , 

l E N T TEMP CALC GGA H f S F5 Rb J ^ , ARGUS, 
IFNT TEMPERATURE CALC CYL INDER ANL 3 6 0 0 F53 HbB ^ ^ ^ ^ ^ 
lENT THERMCCYNAMICS OF PRES SUR IZ EPS BAPL 6 6 0 0 F 4 RS ^ ^ ^ ^ ^ ^ ^ ^ 

, e N T 3 -D HEAT TRANSFER PRCGBAM ^ ^ ^ , / ^ " , | / ^ E , C T O R POWEB AND FLCW 
lENTS ANL 3 6 0 F4 RS P T $ SA R E A C T O B P O W E B ANO FLOW 

l ENTS ANL 660,0 F4 BS P / * ^ ^ , ^ | . J ' , p ^sT • INTERMEDIATE POWER 
l E N T S BAPL 6 6 C r E 4 RS P T » CH^C K I N , ^ , ^ 1 ^EAST SOUABES 
MUTATION A N A L Y S I S BNWL U O S FS 
POBT RAPL 5 6 0 0 F4 
PORT COOE R-Z GEOM 
PORT CCDE R-Z GEOM 
PORT CODE X -Y GEOM ANL 
PORT WITH SLOWING DOWN 
ESH GGA 1 1 0 8 F+BAL RS P 

BS P 
LASL H C 8 F4 
LASL 1 1 0 8 F4 

3 6 0 F4 

i M 0 7 S 6 . L E T D , 1-D SLAB GAMMA-BAY 
RS p T t TWOTBAN, 2 - C M U L T I - G P 
RS P T » TWOTBAN, 2 -D M U L T I - G P 
RS P T » TWOTBAN, 2 - C M U L T I - G P 

. , , . « c / DC T J M C 5 4 8 , 1 - 0 SLAB 
" T ' S ' B S G T R , 2 - C MULTIGP D . FE L S I 0 N + 6 U R N L P 

L D T 1 C A M T B I , 2 - 0 MULTIGP D I F F U S I O N 
GULAR MESH GGA " " 8 F + BAL P T ^ ^ ^ A M T B . 2 ^ ^ ^ ^ ^ ^ ^ ^ ^ 

- ^ ^ r M r L T ^ / c B ^ D u T r S E ^ c V ^ ^ B B ^ MAINTENANCE G ^ S . ^ ^ - - ^ ^ ^ , ^ ^ , 

S P r T l A L L V - D E P E N O E N T REACTCP K INET ICS 

BUNDLES LASL 7 0 9 4 F 2 BSBP 
PUNOLES L A S L 7 0 9 4 F 2 RSBP 

7 0 9 4 E+MAP RS PLX T » 
T i TWOTBAN, 2 - C M U L T l - G P 

B S P T » 
PSING 

A l 3 6 0 F4 BS P T » 
A l 7C94 F+MAP BS P T » 

. 4XF1U HEAT TBANSFEB MOLTEN FUEL 
: J I T H R ; . HEAT TBANSFEB SOLID FUEL 

UNDLES L A b L f y t ' ' ^ ^ o c c c A N A I Y S I S NAPL ^^°'^ F4 
U-TUBE HEAT EXCHANGEB STBESS « N A L Y S I b ^ ^ ^ 

LENT FLOW I N LMFBB BOO BUNDLE GESV 5 i 7 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
UNBESCLVEC BEGION RESONANCE INTEGBAL CALC ^ ^ ^ ^ ^ ^ ^ ^ ^ 
L E . 2 - 0 2 - G P S P A C E - T I M E C j E F U S I O N . . . . , „ ^,_ oc 

B S P » 
t V E L V E T 2 . 

T % 

UNBESCLVEC BEGION RESONANCE " " . . . ^ ^ ^ 3 ^ ^ P^ 
L E . 2 - 0 2 - G P S P A C E - T I M E D I F F U S I O N Q p^ 

? - C 2 -GP S P A C E - T I M E D I F F U S I C N FEEDBACK BA L 
; N ! 2 - 0 M U L T I - G P TRANSPORT CODE R-Z GEOM LASL U L ^ ^ 
AN 2 - D M U L T I - G P TRANSPOBT CODE R-Z GECM LASL 

P 
BS P 

as p 
RS P 

t 
T i 
T t 
T i 

3 4 9 
475 

R442 
333 
349 

R373 
146 
148 

8 3 4 8 
3 6 1 
360 
135 
268 
30 3 
198 
268 
150 
166 
135 
205 
243 
182 
345 
414 
183 
434 

B477 
B331 

268 
B285 

346 
8 4 4 8 

1 9 8 
4Ce 
152 

B348 
414 
400 
4 0 0 

R 4 7 3 
4 5 6 

B 3 4 3 
358 
3 5 8 
358 

B 3 4 2 
4 3 9 
4 0 1 
4 8 9 
2ce 
358 
493 
416 
309 
309 
182 
183 

a378 
458 
42 

B 338 
8338 
358 
358 



UM 
UM 
UM 
UM 
UM 
UMCC 
UNC 

7D9'j 
7C9C 
7090 
7090 
7090 
350 
150 4 

MAD 
MAO 
MAO 
MAD 
MAO 
F4 
F63 

1024 

TWOTRAN. 2 - D M U L T I - G P TBANSPCBT CODE X-Y GECf ANL 3 6 0 F4 BS P T 1 358 
TWOTPAN, 2 - 0 M U L T I - G P TBNSPT CODE XY BZ BTHETA LASL 55CC E4 BS P T t 358 
T Y C H E ^ . MCNTE CARLC SLCWING-CCWN CENSITY CALC A l 7 0 9 4 F+FAP BS PL T $ 149 
U-TUBE HEAT EXCHANGER STBESS ANALYSIS KAPL 6 6 0 0 F4 BS P t T U B E . B378 
UCND 3 6 0 F+RAL RS P $ P M S l , FAST NEUTRON P O L A R I Z A T I O N EXPERIMENT 4 6 9 
UGA 3 6 0 F4 RS P t WATER-HAMMER. L I CU IC BLOWCOWN ANALYSIS LOFT 278 
UHTREX LASL 7 0 9 0 F+FAP RS P t W I R E X . 00MPUTER-PRCCUCEC WIB ING L I S T S 315 
U I L L 36'J F4 BS P $ C O D I L L I . LEAST SQUABES ANALYSIS BESONANCE DATA 3^7 
UK-B 7 0 9 0 E + FAP RSRPL T $ CRAM. 1-D AND 2 - 0 M U L T I - G P D I F F U S I O N PROGRAM 103 
UK-W 709'1 F2 RS t WED, W-DSN OUTPUT TAPE E D I T REACTICN RATES 133 
UK-W 7 0 9 0 F2 RS P T $ W - C S N , 1 -C M U L T I - G P SN APPROX SLAB CYL SPHERE 132 
ULCER, 1-D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE Al 7 0 9 0 F + FAP RS L T $ 118 

RSB t B U R P l . CETECTOR E F F I C I E N C Y POINT SCURCE 164 
RSR t EURP2 . CETECTCR E F F I C I E N C Y DISK SOUBCE 165 
RSB i BURP3 . DETECTOR E F F I C I E N C Y PCINT SOURCE 166 
RSB i BURP4, GAMMA-RAY PHOTOFRACTION SOLID CRYSTAL 1 6 9 
RSR $ HURPS. GAMMA-RAY PHCTCFRACTICN WELL CRYSTAL 170 
as P T t V A R I - Q U I R , T I M E - D E P 2 -D M U L T I - G P D I F F U S I O N 212 
RS PL T $ D T F . 1-D MULTIGRCUP CISCBETE OBCINATE CALC 144 

UNC-LASL 1 5 0 4 F63 BS $ 2 D F , 2 - D M U L T I - G P DISCBETE OBOINATE CODE 173 
UNFOLDING CF COMPLEX GAMMA-BAY SPECTBA KSUN 36C F4 fiS P * COBGAM. 390 
UNPACK, BETRIEVAL FROM SCISBS X - S E C T I O N TAPE GGA 7 0 4 4 F + MAP BSBP i 205 
UNBESCLVEC REGICN AVERAGE X-SEC CALC BNL 56CC F4 BS P $ AVEBAGE. 3 7 6 
UNRESOLVED REGION AVEBAGE X-SEC CALC BNL 7 0 9 4 F4 BS P $ AVEBAGE, 376 
UNRESOLVEC REGION RESONANCE INTEGRAL CALC GGA 7 0 9 0 F + FAP RSB T » T U Z . 42 
UNBESCLVEC RESCNANCE INTEGBALS X-SECS BAPL 66C0 F4 BS P T $ P U N l . fi359 
UNBESOLVED RESONANCE X - S E C T I C N CALC GGA 1 1 0 8 F4 BS P $ GANOY. 3 4 1 
UNRESOLVEC RESONANCES BAPL 6 5 0 0 F4 BS P * GBAMP. B-M PABAMETEBS CF B470 
UBSNILM FUEL CYCLE COST ANALYSIS A l 7 0 9 0 F2 BS P $ A I M F I B E . 55 
USING DTF4 FLUXES LSSL 55CC F4 PS P t O A C l . SN PERTURBATION COCE 4 5 5 
USING 20F CUTPUT GGA 1108 FS RS P T J GAPEB2D. 20 PERTURBATION CALC 4 7 1 
U T I L I T Y MOOULES. 2 - D + 3 - 0 PLCTTING KAPL 6 6 0 0 F+ASC RS P T » CATATRAN R4C7 
U T I L I T Y PROGRAM A l 7 0 9 4 F+FAP RS L T t MOMUS. X - S E C T I C N LIBRARY 159 
U T I L I T Y ROUTINE ANL 3 5 0 0 E63 RSBP T $ X L I B I T . X - S E C T I O N L IBRARY 181 
U T I L I T Y ROUTINE Al 3 6 0 F4 RSB L T t C L I P , FOBM OB THBECES LIBRARY 2 7 1 
V A R I - Q U I R , T I M E - C E P 2 - 0 M U L T I - G P D I F F U S I O N UMCC 3 6 0 F4 RS P T t 2 1 2 
V A R I - Q U I B , T I M F - O E P 2 - 0 M U L T I - G P C I F F U S I O N WANL 5 5 0 0 F4 RS P T » 2 1 2 
V A R I - Q U I R 3 , 2 - 0 M U L T I - G P D I F F U S I C N XY PZ BTH WANL 7 0 9 4 F4 BS P X T t 264 
V E L V E T 2 , TURBULENT FLOW I N LMFBR ROC BUNDLE GESV 635 F4 RS P T $ 4 5 8 
VESSEL STRESS AND FATIGUE KAPL 6 5 0 0 F4 RS $ SORSDB, PRESSURE R 3 9 1 
V I B R A T I N G SYSTEMS KAPL 5 6 C 0 F+ASC RS P T » GEM. EIGENVALUE PROBLEM FOR R344 
VIEW FACTOR S H I E L D I N G CODE CAVITY GEOM GGA 1 1 0 8 F4 RS P T » MUSCAT. 2 5 9 
V ISCOELAST IC ANALYSI S CONG RETE GGA 1 1 0 8 F4 RS P S S A F E - C R E E P , 300 
V I S C O E L A S T I C ANALYSIS OF CONCRETE GGA 1 1 0 8 FS RS P T t SAFE-CRACK, 4 5 1 
VOID FRACTION Al 7 0 9 0 F2 RS $ FUGUE, STEADY-STATE TEMPERATURE 48 
VOID X - S E C T I O N CALCULATION GEC 52 5 F4 RS P $ A V O I C , ANNULAR 275 
W-DSN OUTPUT TAPE EDIT REACTION RATES UK-W 7 0 9 0 F2 RS $ WED, 133 
W - D S N . 1 - D M U L T I - G P SN APPBOX SLAB CYL SPHEBE UK-W 7 0 9 0 F2 BS P T t 132 
WAMPUM, FUEL CYCLE COSTS PEBFOBMANCE STUOY GGA 7 0 4 4 F4 BS P $ 2 2 4 
WANL 5 5 0 0 F4 BS P T t V A R I - Q U I B . T I M E - D E P 2 - D M U L T I - G P D I F F U S I O N 2 1 2 
WANL 7 0 9 4 F+FAP BSBPL T $ C P S . SC4020 PLOTS FBOM SCISBS X - S E C T I O N TAPES 2 3 9 
WANL 7 0 9 4 F2 RS P $ E X T , X -SECT IONS FRCM B-W RESCNANCE PARAMETERS 238 
WANL 7 0 9 4 F4 RS $ R 1 0 2 , SPACE- INDEPENDENT INVERSE K I N E T I C S CALC 1 5 8 
WANL 7 0 9 4 F4 RS P » R l O l . SPACE-INDEPENDENT K I N E T I C S KEX OPTIONS 255 
WANL 7 0 9 4 F4 a s P X T » V A a i - Q U I B 3 . 2 - 0 M L L T I - G P D I F F U S I O N XY BZ BTH 2 6 4 
WAPD 3 6 0 F4 BS PLX T t LEOPABD. SPECTBA CALCULATION WITH DEPLETION 2 7 9 
WAPD 7 0 9 4 F+MAP RS PLX T $ LASER, SPECTRUM CALC WITH BUBNUP CYL L A T T I C E 2 4 9 
WABD 5 5 0 0 F4 BS P T » MANTA, STEADY-STATE THEBMAL-HYOBAULIC ANALYSIS 2 5 6 
WASP. WATER ANC STEAM THERMODYNAMIC PBOPEBTIES BAPL 6 6 0 0 F4 RS P T » R 3 9 6 
WATER ANO STEAM THERMODYNAMIC PROPERTIES BAPL 6 6 0 0 F4 RS P T t WASP, R396 
WATER PBOPEBTIES BGE 3 6 0 F4 BS T $ S T E A M - 6 7 , 1 9 6 7 ASME STEAM ANO 4 8 7 
WATFfi-HAMMEB, L I Q U I D BLOWDOWN ANALYSIS LOFT UGA 3 6 0 F4 RS P S 2 7 8 
WATER-LOGGEC FUEL ELEMENT ANALYSIS BAPL 6 6 0 0 F4 RS P T » G L U B l , R424 
WATER-BEACTDB CESIGN BNWL 1108 F5 RS P T $ REPP, THERMAL HYDRAULIC 4 8 3 
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WATEB, STEAM TABLES 14 . 5 - 1 4 , SOOPS I 
WAVE F U N C T I O N PADIAL INTEGRALS OBN 
MFAK E X P L P S I P N , COUPLED NFUTfiON-HY 
WED, W-DSN CUTPUT TAPE EDIT BEACTI 
WEIGHT O P T I M I Z A T I O N DOSE CALC 
WEIGHT O P T I M I Z A T I O N STUDY PW 
WELL CBYSTAL UM 7 0 9 0 MAC BS 
WFLWING, MATFRIAL BUCKLING CYL FUE 
WHAM, L l O U l C - F I L L E D P I P I N G SYSTEM 
WHIBLAWAY, 3 - D 2-GBOUP D I F F U S I C N X 
WHIBLAWAY, 3 -D 2-GBOUP D I F F U S I C N X 
WIGL2, 1 -C 2 - G P S P A C E - T I M E C I F F U S I 
WIGL2, 1 - 0 2 - G P S P A C E - T I M E C I F F U S I 
WIREX, CPMPUTER-PRPCUCEO W I R I N G L I 
WIRING L I S T S UHTREX LASL 7 0 9 0 F + 

W L I B , F L A T , RESCNANGE A B S O B P T I C N , 0 
WNES 5 5 0 0 BCD R L T I ETOGl 0 
WNES 56C0 F4 RS P T « C I N C A S , 
WNES 6 6 C : E4 R S P T t ETOMl , 
WNFS 5 6 0 0 F4 RS PL T » E T O G l , 
WOOOS-SAXON POTENTIAL SHAPE CALCUL 
WOPEXPRT, REACTOR WEIGHT O P T I M I Z A T 
X-SEC CALC BNL 
X-SFC CALC BNL 
X-SEC CALC BNL 
X-SFC CALC RNL 
X-SEC CALC RNW 
X-SFC OSLO GGA 
X-SEC CALC CRNL 
X-SFC CALC ORNL 
X-SEC EVALUATICN 

6 6 0 0 F4 
7 0 9 4 F4 

6 6 0 0 F4 
7 0 9 4 F4 

1 1 0 8 F4 
H O P E4 

3 6 0 F+BAL PS P 
1 6 0 4 F 6 3 RS P 

ORNL 1 6 0 4 F 5 3 

RS P 
BS P 

BS P 
BS P 

BS P 
as p X 

X-SEC EVALUATION A l 3 6 0 F+BAL BS 
X-SEC F0RM6T WNES 6 6 0 0 F4 
X-SFCS PAPL 5 6 0 0 F4 BS 

A 3 2 - 4 7 2 C E G F BAPL 6 6 0 0 F4 BS T » 
L 1 6 0 4 F53 BS P % RAMES, PARTICLE 
OBCCYNAMICS APDA 7 0 9 4 F2 BS P S 
ON BATES UK-W 7 0 9 0 F 2 BS $ 
A l 7 0 9 4 F+FAP BS P S SHOE, SHIELD 
1 6 0 4 F 6 3 BS $ WCPEXPST, REACTCR 
8 S BURPS, GAMMA-RAY PHOTOFRACTION 
L ELEMENTS AEB 360 E4 BS P 
A N A L Y S I S KE 350C F 3 5 BSBP 
YZ GEOMETBY CCC 1 5 0 4 F63 BS P T 
YZ GEOMETRY CBNL 7 0 9 0 F2 RS P T 
ON 3-GEOM BAPL 5 6 0 0 F4 RS P T 
CN 3-GEOM GGA 1 1 0 8 E4 RS P T 
STS UHTREX LASL 7 0 9 0 F+FAP BS P 
FAP a s P i W I B E X , COMPUTEB-PBODUCEO 
ELL ANL 3 5 0 0 F36 BSBP X T I BABBLE, 
ATA L I B B A B I E S , MUFT4 OB 5 + GAMl + GAM2 

NUCLEAB FUEL CYCLE COST ANO ECONOMICS 
ENDE/B FCBMAT TO MUFT FOBMAT X - S E C T I O N S 
ENCF/B TO MLFT , GAM, AN ISN X-SEC FCBMAT 
ATION ORNL 7 0 9 0 F2 RS t LYNNE, 
ICN STUDY PW 1504 E63 BS I 

t S I G P L O T , BESOLVEO MULTILEVEL B-W 
% S I G F L C T , BESCLVEC MULTILEVEL 8-W 

t AVERAGE, UNRFSOLVED REGION AVERAGE 
$ AVERAGE, UNRESOLVED REGION AVERAGE 

T t F C C 4 , FUNDAMENTAL MCDE FAST REACTCR 
T t GAF.GAR, SPECTRA AND GRCUP-4VERAGED 

t ISOSEABCH. ISOTCPE PBODUCTION FLUX, 
% ISOSEABCH, ISOTCPE PBCCUCTICN FLUX, 

BS P T » J U P I T O B l . COUPLED-CHANNEL 
L T » SCCBE3, SCISBS ENOF/B CBAPHIC 

T t E T O G l , ENDF/B TO MUFT. GAM. ANISN 
P U N l . UNRESOLVED RESONANCE INTEGRALS 

X-SECS BAPL 55CC F4 BS 
X-SFCTION AVERAGING GGA 
X-SFCTION CALC BNWL 1 1 0 8 
X-SFCTION CALC Al 709C F 2 
X - S F C T I C N CALC A l 7 0 9 4 F+M 
X - S F F T I C N CALC ANL 3 5 0 0 E63 
X-SECTION CALC CDC 1 6 0 4 F 6 3 
X-SECTION CALC NEC 2 0 0 0 F2 
X-SECTION CALC Al 7 0 9 0 E2 
X -SECTION CALC ANL 3 6 0 0 F 6 3 
X-SECTION CALC COC 1 5 0 4 F53 
X -SEETION CALC CDC I60< i F 6 3 
X - S E C T I C N CALC GGA 1 1 0 8 F4 
X-SECTION EALC GGA 7 0 9 0 F2 
X -SECTION CALC NED 2 0 0 0 F2 
X - S E C T I C N CALC ANL 3 5 0 0 F63 BS 
X-SECTION CALC E L A S T I C SCAT BESONA 
X -SECTION CALC ELASTIC SCAT RESONA 
X - S F C T I O N CALC FRCM CSN CUTPUT PW 
X - SFCT ION CALC MODERATOR GGA 11C8 
X - S F C T I C N C A I C U L 4 T I C N GEC 6 
X - S E C T I O N C A L C U I A T I O N PAPL 5 6 0 0 
X - S E C T I C N CALCULATION ANL 3 5 0 
X - S E C T I C N C A L C L L A T I C N ANL 3 6 0 0 
X - S E C T I O N CALCULATION GGA 11C8 F 
X - S E C T I P N CALCULATION GFV 7 0 9 4 F+ 
X - S F O T I C N EVALUSTION CRNL 7 0 9 0 F 
X - S E C T I O N GENERATION BNW 11C8 F 
X - S F C T I C N GENEBATION GEC 6 3 5 F 
X - C F F T I O N GENFBATION COOE BAPL 6 

RS PL 
P T 

T » M C 8 0 7 , 2 - D D I F F U S I O N ARSORPTION BEMOVAL 
7 0 4 4 

AP BS PLX 
BS8P 
BS PL 
BS P 

as PL T 
RS L X T 
RS PL T 
RS PLX T 
R S P 
RS PLX T 
RS P 

F4 
25 F4 

F4 
F4 
F36 
5 

T 

F4 RS P » GAVER, ENEBGY INTEBVAL 
FS RS PLX T t B R T l , THEBMAL SPECTRUM 

BS PL T » * A f i E S 2 , BESONANCE INTEGRAL 
t T B I X l , BESONANCE INTEGRAL 
^ NEARREX, COMPOUND NUCLEUS 
t A R E S 2 , RESONANCE INTEGRAL 
t O O P I E , RESOLVED BESONANCE 
FORM, FAST NEUTRON SPECTRUM 
G A M l , FAST NEUTBCN SPECTBUM 
FOBM, FAST NEUTBON SPECTRUM 
G A M l , FAST NEUTRCN SPECTRUM 
GANDY, UNRESOLVED RESCNANCE 
G A M l , FAST NEUTRON SPECTBUM 
BAPTUBE. BESONANCE INTEGBAL 

BP X T » THERMPS(ANL) . THERMAL SPECTRUM 
NCES Al 360 F4 RS PLX T t A ILMOE. 
NCES Al 7C94 F+FAP BS PL T « A I L M C E . 

1 6 0 4 L A G l BS P i DTX, EFFECTIVE 
a s P $ GAKEB, I N E L A S T I C SCAT 

a < P » A V O I D . ANNULAB VCIO 
as P T $ SUMOB. S-WAVE NEUTBON 

RS P T » M C * * 2 . ENOF MULTIGBCUP 
BS P T $ M C * * 2 , ENDF MULTIGROUP 

RS P * F L A N G E l . SCATTEPING LAW 
FAP as P T t EPITHEBMOS, SPECTBUM AND 

» MUFFLE, F I S S I L E NUCL IDE 
X T » I D X , 1 -C C I F F U S I O N FAST 

T $ GBOUSE, SPACE-DEPENDENT 
t e c E4 PS P X T » P A X 0 2 , HABMONY-POQ 

RSBP 
RS P 
BSBP 

B267 
335 
145 
133 
197 
190 
170 
362 
278 
32 
32 

B274 
8274 
315 
315 
281 
447 
354 
436 
437 
361 
190 
377 
377 
376 
376 
306 
316 
322 
322 
308 
375 
437 

a359 
R280 
218 
164 
89 

208 
171 
89 
177 
51 
33 
51 
33 

341 
33 

176 
164 
147 
147 
210 
289 
276 

R399 
355 
355 
247 
2C1 
323 
374 
420 

R425 



1U26 

X - S E C T I O N LIBBABY PBEPABATION GGA 1 1 0 8 F4 BS P X 
X - S E C T I O N LIBBARY TAPE PBEPABATION PW 16C4 F 5 3 BS 
X - S E C T I O N LIBRARY TAPE PREPARATION PW 1 5 0 4 F6 3 RS 

T t 

X - S E C T I O N LIRRARY U T I L I T Y PROGRAM 
X - S E C T I C N LIBRARY U T I L I T Y ROUTINE 
X - S E C T I O N TAPE GGA 7 0 4 4 F+MAP BSBP 
X - S E C T I O N TAPES GGA 7 0 4 4 E + SPS BSBP 
X - S E C T I O N TAPFS WANL 7 0 9 4 F+FAP RSBPL 
X - S F C T I O N S A l 7C90 F + EAP RS L 

GAND, GAFGAR 
$ C S P I . SN 

$ CSP2A. SN 
T $ MOMUS. 

T i X L I B I T . 

X - S E C T I C N S 
X - S E C T I C N S 
X - S E C T I O N S 
X - S E C T I C N S 
X-SECTIONS 
X -SECT IONS 
X-SECTIONS 
X - S E C T I O N S 
X - S E C T I C N S 

LASL 7 0 9 0 FLOCO RS P 
Al 7 0 9 0 F + FAP 
A l 7 0 9 4 F2 
ANL 3 6 0 0 F63 
RHSC 3 5 0 E4 
BNL 6 5 0 0 F4 
CDC 1 5 0 4 F63 

BS PL 
BS P 
BSBP 
BS PL 
as P 
BS PL 

EAST THERMAL SPECTRA GGA 
FAST THEBMAL SPECTBA GGA 

A l 7 0 9 4 F+FAP BS 
ANL 3 5 0 0 F 5 3 RSBP 

% UNPACK, RETRIEVAL FROM SCISRS 
T t CROSSPLOT. SC4020 PLOTS FRCM 

T $ CPS. S C 4 0 2 0 PLOTS FROM SCISRS 
T t Q U I C K I E . I N F I N I T E MECIUM SPECTRUM 

i Z O T . GROUP-COLLAPSING OF M U L T I - G P 
$ T E M P E S T 2 , THERMAL NEUTRON SPECTRUM 
$ 2 P L U S , NON-SPHERICAL OPTICAL MODEL 
$ 2 P L U S , NON-SPHERICAL OPT ICAL MODEL 
$ TEMPEST2, THERMAL NEUTRON SPECTRUM 
» R A M P l , REICH-MOORE RESOLVED REGICN 
S TEMPEST2 . THERMAL NEUTRON SPECTRUM 
1 1 0 8 F4 RS PLX T $ GGC4, M U L T I - G P 

6 5 0 0 F4 RS L T $ GGC4. M U L T I - G P 
$ GAMMA-P, PRODUCTION X-SECTIONS FOR GAMMA-RAYS GEC 7 0 9 4 F4 RS P 

X -SECT IONS FROM B-W RESONANCE DATA 
X - S E C T I C N S FROM R-W RESONANCE PABAMETEBS WANL 7 0 9 4 E2 RS P 

GGA 7C44 F+MAP RS P S FASCOP. 
$ E X T . 

GGA 11C8 F4 BS $ HEXSCAT. ELASTIC SCAT 
RS P T $ REAX. RESOLVED RESONANCE EPITHERMAL 

A l 7 0 9 4 F + FAP RS PL T $ GBAVE. GBOUP-AVERAGING 
RS P T $ E T O M l , ENDF/B FOBMAT TC MUFT FOBMAT 

RS P T $ TWOTBAN, 2 - D M U L T I - G P TBANSPCBT COOE 
RS P X T $ C E X E . I N C E X E . 1-GP 3 - D XYZ 

RS P T $ 3 D X T , D E P 3 . 3 - 0 
ANL 3500 F53 RSBP T $ 
ORNL 360 F4 RS PLX T i 
T i TROLT. MUG MULTIGROUP 

3 5 0 F4 

X -SECTIONS HEX LATTICE 
X -SECT IONS NED 635 F4 
X - S E C T I C N S PARAMETERS 
X - S E C T I O N S WNES 6 6 0 0 F4 
X-Y GFGM ANL 3 6 0 E4 
XENON OSCI LLATICN CE 
XENON TRANSIENT + DEPLETION KAPL 6 5 0 0 F4 
X L I B I T , X - S E C T I C N LIBRARY U T I L I T Y ROUTINE 
XSDRN, DISCRETE ORDINATE MULTIGRCUP CCNSTANTS 
XSEC LIBRARY MAINTENANCE GESJ 6 3 5 F4 RS P 
XSECS RNL 5 5 0 0 F4 RS P T $ A v a A G E 3 . 4 , S I G M A 2 , A D L E B , ENDF/B BESONANCE 
XY GEOM AGC 7C90 FLOCC BSBP $ 2 0 X Y , 2 - D M U L T I - G P SN APPBCXIMATION 
XY RZ GECMETBY GGA 1 1 0 8 E + BAL B S P T $ GAMBLE5, 2 - D M U L T I - G P D I F F U S I C N 
XY BZ GECMETRY GGA 7 0 4 4 F+MAP RSEP T $ GAMBLE4, 2 - C M U L T I - G P D I F F U S I O N 
XY RZ RTH WANL 7 0 9 4 F4 RS P X T $ V A R I - C L I R 3 . 2 - D M U L T I - G P C I F F U S I C N 
XY RZ RTHETA GECMETRY BNW 1108 F4 RS P $ P E R T 4 , 2 -D PERTURBATION 

RS P T t TWOTPAN, 2 - 0 M U L T I - G P TRNSPT CODE 
T $ BUG2. 2 - D MLLTIGROUP D I F F U S I O N + BUBNUP 
PS P T $ WHIRLAWAY, 3 -D 2-GaOUP D I F F U S I O N 
RS P T 

BS P 
3 50 F4 

% WHIBLAWAY. 3 - D 2-GROUP C I F F U S I C N 
T $ 3DDT. 3D MULTIGBOUP D I F F U S I C N 

RS P X T $ C E X E , I N C E X E , 1-GP 3 - 0 
$ I S O T O P E S . MAXIMUM 

7 0 9 0 FLOCO B S P % 
1 1 0 8 B IN a L T $ 
7 0 9 0 F+FAP BSB 

BS L 

as P 
LASL 
GGA 
GGA 

3 5 0 F4 

XY oz RTHFTA LASL 6 5 0 0 F4 
XY, RZ GGA U C 8 F+BAL RS P 
XYZ GEOMETRY CCC 1 5 0 4 F63 
XYZ GEOMETRY ORNL 7 0 9 0 E2 
XYZ R - T H E T A - Z LASL 5 6 0 0 F4 
XYZ XENON O S C I L L A T I O N CE 
Y I E L D FROM REACTION OR DECAY ORNL 1 6 0 4 F 6 3 
ZOT. GROUP-CCLLAPSING OE M U L T I - G P X -SECT IONS 
Z P R - I I I ASSEMRLY 4 8 GAFGAR ENDF/B OATA TAPES 
ZUT, RESOLVED REGION RESONANCE INTEGRAL CALC 
1 - 0 A G E - D I F F U S I O N SLAB CYLINCEB SPHEBE AE6 
1-D AND 2 - D M U L T I - G P D I F F U S I C N PBOGBAM 
1 - 0 ANC 2 - C M U L T l - G P D I F F U S I O N PBOGRAM 
1-D BURNUP POWER D I S T R I B U T I O N SEARCH 
l - D D I F F U S I O N FAST X - S E C T I O N GENERATION 
1 - D FAST BEACTOB CESIGN £ SUBVEY STUDY 
1-D FEW-GP D I F F U S I C N OEPLETICN GGA 7 0 4 4 F4 BS P 
1-D FEW-GP O I F F U S I O N DEPLETION PBOGBAM GGA 7 0 9 0 F2 RSB 
1 -D FEW-GP D I F F U S I O N DESIGN SYSTEM A l 3 5 0 F4 RSBP 
1-D FEW-GP D I F F U S I O N POWER D I S T SEARCH GGA 7 0 4 4 F4 BS P 
1 - D FEW-GP D I F F U S I O N SLAB CYLINDER SPHERE Al 7 0 9 0 F2 RS ( 
1 - D FEW-GP D I F F U S I O N SLAB CYLINCER SPHERE EC 5 2 5 F4 RS 
1 - 0 FFW-GP O I F F U S I O N SLAB CYLINDER SPHERE CDC 1 5 0 4 F63 RS ( 
1 - D FFW-GP D I E F U S I O N TEMP COEF CALC GGA 7 0 4 4 F4 BS P 
1 -0 FEW-GP SN APPROXIMATICN CYLINCEB PPCO 7 0 4 0 F4 fiS P 
1-D FEW-GP SN APPBOXIMATION CYLINDER PPCC 7 0 9 0 F2 BS P 
1 - D FEW-GP SN COURLE SN APPROX SLAB GEOM PPCO 7 0 9 0 F2 RS P 

AAEC 3 6 0 F+BAL RS P 
UK-R 709C F + FAP RSBPL 

GGA 1108 F4 RS P 
BNW 1 1 0 8 F4 RS P 

B£W 5 6 0 0 F+COM RS P X 

T $ 
T $ F I R E S . 

T $ CRAM. 
T S CBAM. 

T $ GASP 7 . 
X T $ I D X . 
T i EABED. 

T $ BELOAD-FEVEB, 
T t F E V E B . 

THBEDES. 
1 GASP2. 

I FOG. 
» F O G . 
i FOG, 
TEMCC, 
T O P I C , 
T O P I C , 

$ M I S T , 

345 
194 
193 
159 
181 
206 
207 
239 
119 
113 

50 
254 
254 

50 
492 
50 

298 
298 
235 
216 
238 
291 
257 
162 
436 
358 
415 

B477 
181 
393 
493 
465 
18 

222 
22? 
254 
304 
358 
438 
32 
32 

453 
415 
179 
113 
356 
41 
9 

10 3 
103 
319 
374 
427 
221 
117 
273 
220 
28 
28 
28 

225 
148 
148 
59 
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1-D M L L T I - G P D I E F U S I O N + L I B A l 3 6 0 F4 RSBPL T . C A E S A R 4 . L I B L S T , 70 
1-D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE SNW 1 1 0 % F 4 RS P / » ^ F N . 2 4 1 

- C M U L T I - G P O I F F U S I O N SLAR CYL SPHERE A l " ^ C F * F A P B S L ; » F A I ^ , 120 
, n M I I T I - G P O I F F U S I O N SLAB CYL SPHEBE A l 7 0 9 0 F+FAP BS PL T $ A I M 6 , 29 
H o MULT -GP S FEUS ON SLAB CYL SPHEBE CCC 16C4 F63 BS PL T » A I M 6 . 29 

- 0 MULT -GP o ' l F F U S I O N SLAB CYL SPHERE CDC l t C 4 F 6 3 BS PLX T , F A I M , 0 
-D M L L T I - G P D I F F U S I C N SLAR CYL SPHEBE A l 7 0 9 0 F+FAP BS L T i ULCER, 116 

1-0 M U L T I - G P D I F F U S I O N SLAR CYL SPHERE ANL 36CC F 3 6 RS P X T $ M A C H l , 2 6 2 
1 - 0 M U L T I - G P D I F F U S I O N SLAR CYL SPHERE PURD 6 5 0 0 E4 RS PLX T » M A C H l , 2 6 2 
\.0 MULT -GP D I E F U S I O N SLAR CYL SPHEBE RHSC 3 6 0 E4 BS P T S FAIMO . 20 
1 - 0 M U L T I - G P D ISCBETE ORDINATE CALC Al 7 0 9 0 F2 RS P ' - ' * / » D J F 2 , 5 
, - 0 M L L T I - G P D ISCBETE OBOINATE CALC A l 3 5 0 F4 BSBPLX T $ A N I S N , 151 
i - 0 M U L T I - G P D I S C B F T F OBOINATE CALC ANL 3 5 C 0 E36 BS P T » S N A B G - I D , 288 

- 0 M U L T I - G P C ISCBETE OBOINATE PBOGBAM ANL 360 F + RAL RS P T $ 0 T F 4 , 2 0 9 
- 5 M L L T I - G P D I S C R E T E ORDINATF PRCGRAM BC 5 2 5 E+MAP B S P ] * °Yl' j ' l 
- 0 M U L T I - G P D I S C B E T E OBOINATE PBOGRAM LASL 5 5 0 0 F4 B S P J » D T F 4 , 2 0 9 

1 - 0 M U L T I - G P D I S C B E T E OBOINATE PBOGBAM LASL 7 0 3 0 E4 PS P T t 0 T F 4 . 2C9 
1-0 M U L T I - G P D I S C B E T E OBDINATF PBOGBAM LEB 7 0 9 4 F4 RS P ^ » DTF4 . ^09 

-C MULT -GP DOURLE SN APPBOX RNW 7 0 9 0 FLOCO BSBP T » " - H P C - S 1 3 , 75 
-D M L L T I - G P DTE4 WITH C E P L E T I C N LASL 7 0 3 0 F4 BS P T . " T F - B U B N , 269 

1-0 M U L T I - G P SN APPPOX SLAR CYL SPHEBE PW 1 6 0 4 LAGl PS P « MGDSN, 2 1 1 
-D M U L T I - G P SN APPROX SLAR CYL SPHERE UK-W 709C E2 BS P T » W-OSN 132 
-D MLLTIGP K I N E T I C S WITH TEMP FEECBACK GGA 108 F4 RS P \ * f \ l ] ' ^^ 

1-D MULTIGROUP O I F F U S I O N AND DEPLET ION GGA 1 1 0 8 E4 BS P T » E VEB7 318 

1 -0 MULTIGBCUP C I F F U S I O N CEPLETION A l 360 E 4 ^p,^^^ ^ . S ZZLE 58 
1-0 MULTIGBOUP D I F F U S I O N DEPLET ION Al 7 0 9 0 F2 ps L ^ J S ' ^ ^ J H 

1-0 MULTIGBOUP D I F F U S I O N D E P L E T I O N " ^ , ' t ? ^ / ' ! o . , R S p T $ G A Z E 2 4 3 0 
1 -0 MULTIGPOUP D I F F U S I O N S L A B . S P H , CYL CGA 1108 F+BAL BS P T $ GAZE2 
I -O MULTIGROUP D ISCRETE aRDlNATE CALC ^ ^NC 1 6 0 4 F63 BS PL T I D ^^^ 
1-D MULTIGBOUP T I M E - D E P E N C E N T C I F F U S I O N GGA 1 ^ 8 F4 B S P ^^ , C 5 
1-0 ONE-GP S P A C F - T I M E DI FFUS I CN FEECBACK BNL 6 6 0 0 ^^ JS P ^^^ ^^ 
l - D PEBTUBBATIPN FPB AIM AND FCG CCOES Al 7 0 9 0 F2 b ^^ 
1 -0 PEBTUBBATION FOB AIM ANC FOG COOES BHSC 360 F4 BS , ^ 
1-0 PERTURBATION FOB AIM AND FOG COCES CCC 1604 5 3 BS » P3^3 
1-D 9LAB GAMMA-BAY TBANSPPBT BAPL 66CC E4 BS P ^^^^ 
1 - 0 SLAR TBANSPOBT WITH SLCWING OCWN fAPL 560C F4 BS ^ , ^ , , , „ , , 3 5 2 
1-D T IME-DEPENDENT D I E F U S I O N CALC KAPL 6 5 C 0 F , 4 Rb H ^^ 
1-C 1-GP SN APPROXIMATION SLAB GEOMETRY A l 7 0 9 0 FZ Kb K 
} - D 1-GP SN APPROXIMATION S L AB GECM ET BY CCC 5 0 4 F53 BS^P^ ^ ^ ^ « S^I^^. ^^ 

l -D l -GP S4 APPBOXIMATION Al 7 0 9 0 F2 BS ^ ^ ^ ^ ^^^^^ 5 , 

1-C 1-GP S4 APPROXIMATION DOC 16C4 F 6 3 a ^ RS P T I NOWIG, 8 3 7 1 
1-D 2-GP K I N E T I C S TEMPERATURE FEECBACK BAFL 6 6 0 0 E4 BS ^^^^^^ ^ ^ ^ ^ 
1-0 2-GP S P A C E - T I M E D I F F U S I O N 3-GEOM BAPL 5 5 0 0 E4 BS ^ ^ ^^^^^^ ^ ^ ^ ^ 
1 -0 2 - G P S P A C E - T I M E " FFUS ION 3-GEOM ^ 0 4 ^ 1 0 8 F4 ^ ^^^^^ ^_^ ^^ 
1-GP SN A P P R O X I M A T I O N SLAB GEOMETRY Al 7 0 9 0 FZ b ^_^ ^^ 
l - G P SN APPROXIMATION SLAB GEOMETRY CDC 1 6 C . F 6 3 R S ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ _ ^_^ , 3 
l -GP S4 APPROXIMATION Al 7 0 9 0 F2 Kb ^^ ^^^ ^^^^ ^^^^^ ^ . ^ 53 
1-GP S4 APPROXIMATION CDC 1 6 0 4 F63 Rb ^ R S P X T I C E X E . I N C E X E , 4 1 5 
1-GP 3 - D XYZ XENON O S C I L L A T I O N CE 360 1-4 ^ S N A P K I N S / S A , 122 
1-REGION K I N E T I C S SNAP GECMETRY , ^ , ' ' . J ^ ^ ? ' ' ^ 0 0 F4 BS P T I ACER, 4 9 4 
ID AND 2D FEW-GBOUP S P A C E - T I M E - ^ I N E T I C S BCL 5 4 0 0 4 ^ ^ ^ ^ ^^^^ ^^ ^^^ 
IDX HEOL 1 1 0 8 E4 BS P ^ ^ 1 E T 0 X 2 . MULTIGP L ^^ „ P X T I 374 
I D X , 1-D D I F F U S I O N FAST X - S E G T I ON GE NE B AT I CN BNW I HULTIGP O I F F + 4 9 5 

IGP DEPLETION GESV 6 3 5 F+GMP B S P T * ^ ^ ' ^ p^I^^^ R S P ^ I B A F F L E . 392 
1ST F L I G H T C O L L I S I O N PBORABIL T ES MC ORNL 3 6 0 ^^ ^ ^ ^ ^ ^ p p ^ g ^ „ 2 

1ST F L I G H T C O L L I S I O N P R O B A B I L I T I E S ^ ' ^ . . ^ " ^ ^ 2 , „UL T I - G P CONSTANT CALC 0 TO 165 
10 MFV BC 5 2 5 F4 RS P « ^ I GAMTEC2 ^ ^ L ^ ^ ^ S T A N T CALC 0 TO 65 
10 MEV RNW 1 1 0 7 F4 BS PL T I CAMTEC2, ^ ^ U j^ANT CALC 0 TO 185 
i n MFU RNW 7 0 9 0 F + FAP B S PL T I GAMTEC2 , MUL U b v. , p g BNW 2 4 1 

107 F4 as P T I HFN. l - C M U L T I - G P ° ' " f ' ? \ f , * 0 TO 0 MEV BNW 185 

B̂̂N r-' '^^^^'^^^'^^^rrb'^'^ii IV. w^ 
BHbni y^it^?^iV2^s^^ir??G^^c!;^^i.^;°e^-R---- - -' 



H O P F+RAL RS P T I B U G 2 , 2 - D MULTIGBOUP D I F F U S I O N + BUBNUP X Y , BZ GGA 4 3 8 
GAMRLE5, 2 - 0 M U L T I - G P D I F F L S I O N XY BZ GECMETBY GGA 2 2 2 
G A M T R I . 2 - C P U L T I G P C I F F U S I C N Tf i lANGULAB MESH GGA 4 0 1 
G A Z E 2 , 1-D MLLTIGROUP D I F F U S I O N S L A B , S P H . CYL GGA 4 3 0 
G S S L R N I B , LEAST SQUARES PHOTOPEAK SPECTBA CODE BNWL 4 5 7 
TOAD, PBOCESSING CF ANALYZER GAMMA-BAY SPECTRA GGA 3 3 3 
G A F F E , E Q U I L I B R I U M FUEL CYCLE C A L C U L A T I C N GGA 3 0 2 
H E X S C A T . E L A S T I C SCAT X - S E C T I O N S HEX L A T T I C E GGA 2 9 1 
F L A N G E 2 . E N D F / B THERMAL SCATTERING OATA PRCC GGA 358 
F L A N G 2 / S C . ENOE/E THERMAL SCATTERING DATA PROC GGA 368 
GAOOSE.OOSET, HTGR ACCIDENT A N A L Y S I S DOSE CALC GGA 2 6 1 
F B E V A P 6 . HTGR METALLIC F I S S I C N PPOCUCT BELEASE GGA 3C1 
GAKER. I N E L A S T I C SCAT X - S E C T I O N CALC MCCEBATCB GGA 2 8 9 
GANCY. UNRESOLVED RESONANCE X - S E C T I O N CALC GGA 3 4 1 
G A P O T K I N , SPACE- INDEPENDENT REACTOB K I N E T I C S GGA 3 1 7 
GASA, S T A B I L I T Y A N A L Y S I S REACTOR K I N E T I C S EQNS GGA 290 
GASKET, THEBMAL SCATTEBING LAW CALCULATION GGA 2 6 3 
GRDWBK, G R I D GENERATICN FCB SAFE PBOGBAMS GGA 2 9 6 
P E R T 4 , 2 - D PERTURBATION XY RZ RTHETA GECMETBY BNW 3 0 4 
PSEUDO, S T A T I S T I C A L BESONANCE PABAMETEB CALC GGA 2 9 2 
S A F E - C R E E P , V I S C O E L A S T I C ANALYSIS CONCBETE GGA 3 0 0 
S A F E - P L A N E , PLANE STRESS A N A L Y S I S , 2 - D BODIES GGA 2 5 2 
S A F E - S H E L L , STBESS ANALYSIS T H I N SHELLS GGA 2 5 3 
S A F F - 2 0 . PLANE + A X I S Y M M E T B I C STBESS ANALYSIS GGA 3 7 9 
C 0 B R A 3 . BOC BUNCLE THEBMALHYCRAUL IC A N A L Y S I S BNWL 4 3 2 
DYNAM, DYNAMIC A N A L Y S I S B O I L I N G FLOW STEAM GGA 440 
FCC4, FUNDAMENTAL MODE FAST REACTOR X-SEC CALC BNW 305 
F E V E a 7 , 1 -D MULTIGBOUP DIFFUSION AND DEPLETION GGA 318 
G A K I N . 1-0 MULTIGBOUP TIME-DEPENDENT D I F F U S I O N GGA 310 
GAKIT . 1 -0 MULTIGP K I N E T I C S WITH TEMP FEEDBACK GGA 3 7 0 
GASP7, 1 - 0 BUBNUP PCWEB C I S T P I E U T I O N SEARCH GGA 319 
GATT, 3-D FEW-GP D I F F U S I O N CALC HEX-Z MESH GGA 380 
GAUGE, 2 - 0 FEW-GP HEX GEOM CIFFUSION DEPLETION GGA 3 3 9 
L I O N , 3 - C TEMPERATUBE C I S T B I B U T I O N PROGRAM CHI R299 
MUSCAT, VIEW FACTOR SHIELDING CCDE CAVITY GEOM GGA 2 5 9 
PWCOST. REACTOR FUEL CYCLE COST CALCULATION GGA 4 4 1 
S A F E - 3 D . 3 - D COMPCSITE STRUCTURE STRESS STUCY GGA 3 3 2 
T A C A S I . A N A L Y S I S OF RESONANCE MEASUREMENTS GGA 4 1 0 
T E M C 0 7 . TEMPEPATUBE C O E F F I C I E N T CALCULATION GGA 3 2 0 
TWOTRAN, 2 - 0 M U L T I - G P TRANSPORT CCDE R-Z GECM LASL 3 5 8 
TWOTRAN. 2 - C M U L T I - G P TRANSPORT CODE B-Z GEOM LASL 3 5 8 
W I G L 2 , 1-D 2 - G P S P A C E - T I M E C I F F U S I C N 3-GECM GGA B 2 7 4 
2 D B , 2 - 0 MULTIGBOUP D I F F U S I O N ANO D E P L E T I O N BNW 3 2 5 
COHBE, COHEBENT I N E L A S T I C SCATTERING LAW CALC GGA 3 8 5 
E T 0 X 2 . MULTIGP CONSTANTS FRCM E N D F / B FCR I C X HECL 388 
GAF.GAR. SPECTRA ANC GROUP-AVER AGEC X-SEC CALC GGA 316 
GAND, GAFGAR X -SECT ICN LIBRARY PREPARATION GGA 345 
I D X . 1-D O I F F U S I O N FAST X -SECTICN GENERATICN BNW 374 
GGC4. MULTI -GP X-SECTIONS FAST THERMAL SPECTRA GGA 298 
HRG3. SLOWING-DOWN SPECTRUM. MULTIGP CONSTANTS BNWL 467 
LEOPARD. SPECTRA CALCULATION WITH DEPLETION JNC 2 7 9 
F L A C . STEACY-STATE FLCW, PRESSURE C I S T R I B U T I O N GGA 395 
F L A N G E l . SCATTERING LAW X - S E C T I C N CALCULATION GGA 247 
CAGE.B IRC.SPEC. T I M E - O F - F L I G H T DATA ANALYSIS GEES 4 7 5 
D B U F I T I . LEAST SQUARES TRANSMUTATION ANALYSIS BNWL 4 5 6 
GAPEa20. 2D PEBTUBBATION CALC USING 20F OUTPUT GGA 4 7 1 
BEPP. THEBMAL HYCRAULIO WATER-REACTOR OESIGN BNWL 483 
SAFE-CRACK. VISCOELASTIC ANALYSIS CF CONCRETE GGA 4 5 1 
SHELLS. THIN SHELL 3D STRUCTURAL ANALYSIS GGA 452 
TAC2C. STEACY-STATE ANC TRANSIENT TEMP CALC GGA 4 0 8 
T A C 3 D . T B A N S I E N T 3 - D HEAT TBANSFEB PBOGBAM GGA 414 
N O I S Y l . AUTO- AND CaOSS-SPECTBAL D E N S I T I E S BNWL 4 8 8 
B B T l . THEBMAL SPECTBUM X-SECTION CALC BNWL 184 

BSBPL T I ISOGEN. BADIONUCLIDE GENERATION AND DECAY BNW 367 

F + BAL 
F + RAL 
F+flSL 
E + BAL 
F + RAL 
F4 
F4 
F4 
F4 
F4 
F4 
E4 
F4 
F4 
F4 
E4 

F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
E 4 

F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
FS 
FS 
FS 
F5 
FS 
F5 
FS 
F5 
F5 
E5 
FS 
F5 
FS 

BS 
RS 
RS 
RS 
RS 

S 
BS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
as 
BS 
as 
RS 
RS 
as 
as 
RS 
RS 
RS 
RS 
BS 
BS 
RS 
RS 
RS 
RS 
RS 
as 
RS 
RS 
as 
as 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
BS 
RS 
as 
as 
as 
as 
as 
as 
RS 

p 
p 
p 
p 
p 

p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
P X 
P X 
P X 
P X 
P X 
PLX 
PLX 

LX 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P X 
PLX 

T 
T 
T 
T 
T 
T 

T 
T 
T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

1 
t 
1 
t 
1 
t 
t 
t 
t 
t 

$ 
t 
t 

$ 
1 
1 

$ 
1 
t 

$ 
t 
1 
1 
t 
t 
t 

$ 
t 
1 
1 
1 
t 
t 
1 
t 
t 
t 
t 
t 
t 
1 
t 
1 
t 
t 
t 
1 
{ 

$ 
1 
t 
1 

$ 
1 
1 
t 
1 
1 
t 
t 
1 
t 



1029 

1 4 . 5 - 1 4 , S O O P S lA 3 2 - 4 7 2 0 E G F BAPL 6 6 C 0 F 4 BS T I WATEB. STEAM TABLES B267 
ANL 1 6 0 4 F53 BS P t M 0 8 9 9 , H 0 H , STEAM TABLES B 2 9 4 
BAPL 660C F4 BS P T I M 0 8 9 9 , H C H . STEAM T4BLES B294 

LAG, ASSEMBLEB FOB F L 0 C 0 2 I N S T B U C T I C N SET PW 1 8 6 
F M C - N . F M C - G . MC NEUTBON. GAMMA-BAY H I S T O B I E S PW 195 
C S P I . SN X - S E C T I C N LIBRARY TAPE PREPARATION PW 194 
C S P 2 A , SN X - S E C T I O N L IPRARY TAPE PREPARATION PW 193 
P E R T , 1 - D PEBTUBBATION FCR AIM ANC FCG CODES COC 30 
TOP, 2 - 0 PERTURBATION TDC OR 2DXY FLUX INPUT Pw 1 9 9 
WOPEXPRT, REACTCR WEIGHT O P T I M I Z A T I O N STUDY PW 190 
2 D F , 2 - D M L L T I - G F DISCRETE CROINATE COOE UNC-LASL 173 
2 D X Y L , 3-D M U L T I - G P FLLX SYNTHESIS PBOGBAM CYL PW 192 
S I Z Z L E , l - C MULTIGBOUP C I F F U S I O N DEPLETION COC 58 
A I B F K 3 , SPACE- INCEPENDENT K I N E T I C S W/FEECBACK COC 121 
A X - T N T , COUPLED NEUTRONICS-HYDRODYNAMICS SPH Pw 191 
CLOUD, GAMMA-BAY COSE BATE FBOM A CLOUD CDC 47 
CMPXMAT, TBANSFEB FUNCTION EVALUATICN PW 188 
G B A C E l , GAMMA-RAY ATTENUATION SLAB GEOMETRY COC 4 5 
G B A C E 2 , GAMMA-BAY ATTENUATION CYL SPHEBE GEOM CDC 46 
HAFEVEf i , HAUSEB-FE SHRACH I N E L A S T I C SCATTEBING CCC 14 
ISOCBUNCH, BEACTION CECAY CHAIN ANALYSIS OBNL 160 
I S O S E A B C H , ISOTOPE PBCCUCTICN FLUX, X -SEC CALC OBNL 322 
I S O T O P E S . MAXIMUM Y I E L D FROM REACTICN OB DECAY CBNL 179 
M 0 B 9 9 , H C H , STEAM TABLES 1 4 . 5 - 2 5 3 8 PSIA ANL R 2 9 4 
PEGGY, ELASTIC SCATTEBING PHASE-SHIFT ANALYSIS CBNL 334 
POWEBCO, NUCLEAB STATION E L E C T B I C I T Y CCSTS OBNL 3 4 0 
BAMFS, PABTICLE WAVE FUNCTICN BACIAL INTEGBALS OBNL 335 
S A I L . 1-D 1-GP SN APPBOXIMATION SLAB GECMETBY CCC 52 
S N C . CALCULATICN OF SN CONSTANTS FOB OSN TDC PW 189 
S4 CYL CELL CODF, 1 - C 1 -GP S4 APPROXIMATION COC 53 
E Q U I P Q I S E 3 A , 2-D 2 - & P D I F F U S I O N CYLINDEB SLAB CDC 87 
FOG. 1 - 0 FEW-GP C I F F U S I O N SLAB CYLINDEB SPHERE CDC 28 
FOBTBAN TOC, 2 - D M U L T I - G P SN APFBCXIMATICN BZ PW 1 6 1 
J U P I T O B l , COUPLED-CHANNEL X-SEC EVALUATICN CBNL 308 
P I P , CENTBIFUGAL PUMF IMPELLEB CESIGN STUCY PW 167 
WHIBLAWAY, 3 -D 2-GBCUP D I F F U S I C N XYZ GECMETBY COC 32 
2 0 G B A N D , 2 - C FEW-GBOUP C l f F U S I C N SLAB CYLINCEB CDC 40 
A I M 6 . 1-D M U L T I - G P D I F F U S I O N SLAB CYL SPHERE CDC 29 
A B E S 2 . BESONANCE INTEGRAL X - S E C T I O N CALC CDC 69 
D T E , 1 - 0 MLLTIGBCUP DISCBETE OBCINATE CALC UNC 144 
FOBM, FAST NEUTBON SPECTRUM X - S E C T I C N CALC COC 51 
T E M P E S T 2 , THEBPAL NEUTPCN SPECTBUM X-SECT IONS CDC 50 
F A I M , 1 - 0 M U L T I - G P D I F F L S I C N SLAB CYL SPHEBE CCC 120 
G A M l . FAST NEUTBCN SPECTPUM X-SECTION CALC CDC 33 
D T X . E F F E C T I V E X - S E C T I C N CALC FBOM CSN OUTPUT PW 210 
MGDSN, 1-D M U L T I - G P SN APPBOX SLAB CYL SPHEBE PW 2 1 1 

UTEB PBOPEBTIES PGE 3 6 0 F4 B S T I S T E A M - 6 7 . 4 6 7 
. r i O N LUMPED MASS LASL 7 0 3 0 F4 BS T I BATH, 2 4 2 

? - OB 3 - r FEAT CONDUCTION LUMPED MASS LASL 7C94 FAP BS P T I RATH, 242 
2 -0 + 3 -D PLOTTING KAPL 5 5 0 0 F + ASC PS P T I CATATBAN U T I L I T Y MODULES, B4C7 
2 - 0 RODIES RNL 6 6 C 0 F 4 BS P T I S A F E - P L A N E , PLANE STBESS ANALYSIS . 2 5 2 
2 - C PCCIES GGA I K S F4 aS P I S A F E - P L A N F . PLANE STBESS A N A L Y S I S . 252 
2-D DESIGN PROGRAMS LASL 7 0 9 0 F+FAP BS P T I DPC, CATA PBEPABATION FOa 234 
2 - D D I F F U S I O N ABSOBPTION BEMOVAL X-SECS RAPL 66CC F4 BS T t M 0 8 0 7 . B28(5 
7 - D EXCUBSION CALCULATICN B-Z GECMETBY APOA 7 0 9 4 F4 BS P I MABS. 2 9 3 
2 - 0 FFW-GP D I E E U S I O N BUBNUP BZ GECMETBY GGA 7 0 9 0 E + F A P RS6P T I CCE. 9 9 
2 - D FEW-GP HEX GECM D I F F U S I O N CEPLETION GGA U C B F4 BS P T I GAUGE. 3 3 9 
2 - 0 FEW-GP S4 APPBOXIMATION BZ GECMETBY LRL 7 0 9 F2 BS I F I B N . 7 
2_0 FEW-GBOUP D I E F U S I O N ANO O E P L E T I C N IBM 3 6 0 F+BAL BS P T I PCQS. B335 
2-0 FEW-GBOUP C I F F U S I O N AND CEPLETION M I T 3 6 0 F + BAL BSBP T I PDQS. R 3 3 5 
2 - 0 FEW-GROUP O I F F U S I O N SLAR CYL INDEB CDC 1 5 0 4 F63 BS P T I 20GBAND. 4 0 
2 - D FEW-GBOUP D I F F U S I O N SLAB C Y L I N D E B CRNL 7C9C F2 BS P T I 20GBANO. 4 0 
2 - 0 GFCMETPY I N P U T , PREPARATICN, ECIT KAPL 56CC F + ASC BS P T I DATATRAN R4C5 
2 -̂  - C A T TRANSFER GGA 1 1 0 8 F + BAL RS P T 1 e L C 0 S T 6 , COMBINEC K I N E T I C S 303 

1 4 . 5 -
1 4 . 5 -
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2 - D HEAT TBANSFEB GGA 7 0 4 4 F+MAP BS P 
2 - D MCNTE CABLO CELL CALCULATION A l 
2 - D M L L T I - G P D I E E U S I O N UMCC 3 5 0 F4 
2 - D M U L T I - G P D I E F U S I O N WANL 56C0 E4 

T t BLOOSTS, PCI 
3 5 0 F+BAL a s P X 

RS P T I VAR 
RS P T I VAR 

2 - D M U L T I - G P D I E F U S I O N DEPLETION CODE ORNL 7 0 9 0 F + FAP RS 
AAEC 3 5 0 F+BAL RS P 
ORNL 7 0 9 0 F+FAP RS P 

« 7 0 9 0 F+FAP BSBPL 
62 5 F4 BS 

5 6 0 0 F4 a s P 
3 5 0 E4 BS P 

2 - 0 M U L T I - G P D I E F U S I O N PBOGBAM 
2 - 0 M U L T I - G P D I E F U S I O N PBOGRAM 
7 - 0 M U L T I - G P D I F F U S I C N FROGBAM U K -
2 - D M U L T I - G P D I F F U S I O N PRCGRAM BC 
? - D M U L T I - G P D I F F U S I O N PROGRAM CE 
2 - 0 M U L T I - G P D I F F U S I C N PBOGBAM CBNL 
2 - D M U L T I - G P D I E F U S I O N SYNTHESIS CALC NEO 5 35 F4 
2 - D M U L T l - G P D I F F U S I O N XY BZ GEOMETBY GGA 1 1 0 8 F + BAL BS 
2 - D M U L T I - G P D I F F U S I O N XY BZ GEOMETBY GGA 7 0 4 4 F+MAP BSB 
2 - 0 M U L T I - G P D I F F U S I O N XY RZ RTH WANL 7 0 9 4 F4 RS P X 
2 - 0 M U L T I - G P DISCBETE OBOINATE CCCE UNC-LASL 1 6 0 4 F63 
2 - D M U L T I - G P SN APPBOXIMATION BZ PW 1 6 0 4 F63 PS P 
2 - D MULT I -GP SN APPROXIMATION XY GEOM 
2 - D M U L T I - G P TBANSPCBT CODE B-Z GECM LASL 1 1 0 8 F4 
2 - D M U L T I - G P TBANSPOBT COOE R-Z GECM LASL 1 1 0 8 F4 
2 - D M U L T I - G P TRANSPORT CODE X -Y GEOM ANL 3 5 0 F4 

AGC 7 0 9 0 FLOCO 

2 -D M U L T I - G P TRNSPT CODE XY RZ RTHETA LASL 5 5 0 0 F4 

BS 
BS 
RS 
RS 

N T - K I N E T ICS W I T H 
T t HWCCR-SAFE, 

I - Q U I B , T I M E - D E P 
I - Q U I B , T I M E - D E P 

P T t ASSAULT , 
t CBAM, l - D AND 
t E X T E B M I N A T C B , 
I CBAM, l - D AND 

I EXTEBMINATCB2, 
t E X T E f i M I N A T 0 R 2 , 
I E X T E R M I N A T 0 R 2 , 
S PL T t B I S Y N , 
P T I GAMBLES, 

IP T I GAMBLE4, 
T I V A R I - Q U I R 3 , 
RS I 2 D F , 

T I FORTRAN TDC, 
RSBP $ 2 D X Y , 
P T I TWOTRAN, 

2 - 0 MULTIGP D I F F U S I O N TBIANGULAB MESH GGA H O B F + BAL BS 
2 - D MULTIGP DIFFUSICN+RUBNUP T B I - M E S H GGA 1 1 0 8 F+BAL BS 
2 - 0 MULTIGBOUP D I F F U S I O N + BUBNUP X Y , BZ GGA 1 1 0 8 F+6AL 
2 - 0 MULTIGROUP D I F F U S I O N ANO DEPLETION ANL 3 5 0 0 F4 
2 - D MULTIGBOUP D I F F U S I C N ANO CEPLETICN ENW 1 1 0 8 F4 
2 - D MULTIGBOUP D I F F U S I O N ANO DEPLETION LASL 5 5 0 0 F4 
2 - D MULTIGBOUP CISCBETE OBOINATE PBOGBAM LEB 7 0 9 0 F+MAP 
2-D PEBTUBBSTICN TDC OB 2DXY FLUX INPUT PW 1 6 0 4 F63 
2 - D PEBTUBBATION XY BZ RTHETA GECMETRY 
2 - D T IME-DEPENCENT HEAT CONDUCTICN 
2 - D TRANSIENT HEAT CONDUCTICN PRCGRAM 
2 - 0 2 -GP O IFFUSION CYLINDER SLAB COC 
2 - D 2 - G P D I F F U S I C N CYLINDEB SLAB 
2 - 0 2-GP SPACE-TIME D I F F U S I O N 
2 - C 

BNW 1 1 0 8 F4 
PPCO 7 0 4 4 F+MAP a s 

BAPL 5 5 0 0 F4 
1 6 0 4 F 6 3 a s P 

CBNL 7 0 9 0 F2 BS P 
ANL 3 6 0 F4 BS 

P 
P 
P 

P 
P 

as p 
BSBP 
BS P 
BS P 

as p 
as 

S P 
p 

BS P 

BS 

55CC F4 
1 1 0 8 E4 

66C0 F4 
F2 as P 

I FLOW-MODE 
a s P T I 

P T 
a s 

BS P 
BS 
a s 
as 

p a s 

2 - G P S P A C E - T I M E C I F F U S I O N FEEDBACK BAPL 
7 - D ?-GfiOUP D I F F U S I C N SLAB CYL CBNL 7 0 9 0 
7 - 0 2-PHASE FLOW A l 7 0 9 4 F 2 BS P 
2 - G P C I F F U S I C N CYLINCEB SLAB COC 1 6 0 4 F 5 3 
2-GP D I F F U S I O N CYLINDEB SLAB CBNL 7 0 9 0 F2 
2 -GP K I N E T I C S TEMPEPATUBE FEEDBACK BAPL 560C F4 
7 -GP SPACE-T IME D I F F U S I O N ANL 3 6 0 F4 
2-GP SPACE-TIME D I F F U S I O N FEEDBACK BAFL 6 6 0 C F4 
2 - G P SPACE-T IME D I F F U S I O N 3-GEOM BAPL 
2 - G P SPACE-T IMF D I F F U S I C N 3-GECM GGA 
7-GfiOUP O I F F U S I O N SLAB CYL OBNL 7 0 9 0 F2 
2-GfiCUP O I F F U S I O N XYZ GEOMETBY COC 1 6 0 4 F 6 3 
2-GRQUP D I F F U S I O N XYZ GEOMETBY CBNL 7 0 9 0 F2 
2 -PHASE FLOW A l 7 0 9 4 F2 BS P 
2 -BEG CELL ANL 3 6 0 0 F35 BSBP X T I 
20 D I E F U S I O N RURNUP BEFUELING HISTOBY 
2 0 FEW-GBOUP SPACE-T IME K I N E T I C S RCL 
2C MLLTIGBCUP D I F F U S I O N + SN THECBY 
2D PFBTUBRATION CALC USING 2DF OUTPUT GGA 1 1 0 8 FS BS 
2C SYNTHESIS MULTIGP C I F F + IGP DEPLETION GESV 6 3 5 F+GMP 
2 D B , 2 - 0 MULTIGROUP D I F F U S I O N ANC CEPLETION 
2 0 R , 2 - 0 MULTIGBOUP D I F F U S I O N ANO DEPLETION 
2 0 8 , 2 - D MULTIGBOUP D I F F U S I O N AND CEPLETION 
2DF OUTPUT GGS U 0 8 F5 RS P T t GAPER2C, 2C PEBTUBB 
7DF, 2 - 0 M U L T I - G P DISCRETE ORDINATE CCDE UNC-LASL 1 6 0 4 
2DXY FLUX INPUT PW 1504 F63 BS I T C P , 2 - D PEB 
2DXY, 2 - 0 M U L T I - G P SN APPBOXIMATIGN XY GECM AGC 7 0 9 0 
2 D X Y L , 3 - D M U L T I - G P E L U X SYNTHESIS PROGRAM CYL PW 1 6 0 4 

t 
P 

P 
P 
P 

T I 
BS P T 
BS P T 

I FLOW-MODEL, M 
B I F F - B A F F , BESONAN 
LASL 5 6 0 0 F4 BS 
64C0 F4 a s P 
GESV 5 3 5 F4 BS 

ANL 3 6 0 0 
BNW 1 1 0 8 
LASL 550C 

I TWOTBAN, 
$ TWOTRAN, 
I TWOTRAN, 

T t G A M T R I . 
T I BUGTRI . 

T I BUG2, 
T S 2 0 8 . 
T I 2 0 8 . 
T I 2 D B . 

T I TDSN. 
I TDP. 

I P E R T 4 . 
1 TOODEE, 
T t H 0 T 2 , 

T t E Q U I P 0 I S E 3 A . 
T I E Q U I P 0 I S E 3 A . 
P $ TWIGGLE. 
S P T I T W I G L . 

T I E 0 U I P 0 I S E 3 . 
L . MULTI -CHANNEL 
E Q U I P 0 I S E 3 A . 2 - 0 
E Q U I P 0 I S E 3 A . 2 - 0 

T I N O W I G , 
I TWIGGLE. 
T I T W I G L . 
T I W I G L 2 . l - D 
T t WIGL 2 . l - D 

E Q U I P C I S E 3 . 
t WHIBLAWAY. 
I WHIBLAWAY. 
U L T I - C H A N N E L 2 - D 
CE INTEGBAL CALC 

P T t P H E N I X . 
T t ADEP. I D AND 

P T I D 0 T 2 D B . 
P T I GAPEB2C. 

a s P T $ SYN. 
F4 BSBP T I 
F4 BS P T I 
F4 B S P T I 
ATION CALC US ING 
F63 BS { 
TUBBATION TDC OB 
FLCCC BSBP J 
F53 BS T I 

1-0 
2-D 
2-0 

2-0 
3-D 
3-D 

20 5 
307 
212 
212 
240 
103 
156 
1C3 
156 
156 
156 
287 
222 
222 
254 
173 
161 
18 
356 
358 
358 
358 
401 
439 
428 
325 
325 
325 
312 
199 
304 
349 

R285 
87 
67 

R338 
R338 

39 
246 
87 
87 

R371 
R338 
R338 
R274 
R274 

39 
32 
32 

245 
213 
454 
494 
459 
471 
495 
325 
325 
325 
471 
173 
199 
18 

192 



io:ii 

2 P L U S . NON-SPHEBICAL OPTICAL MODEL X - S E C T I O N S A l 7 0 9 4 F2 BS P T t 2 5 4 
' P L U S ! N C N - S P H E B I C A L OPTICAL MODEL X - S E C T I C N S ANL 3 6 0 0 F63 RSBP T I 254 
ZOGPAND. 2 - C FEW-GROUP D I F F L S I O N SLAB CYL INDER CDC 15C4 F63 PS P T J 40 
7AG0AND, 2 - C FEW-GBOUP D I F F U S I O N SLAB CYL INDEB OBNL 709C F2 R S P T I 4 0 
7C0O E2 RS P I D O P I E , RESOLVED RESONANCE X - S E C T I O N CALC NED 177 
2no'- F2 R S P I R A P T U R E . RESCNANCE INTEGBAL X - S E C T I O N CALC NED 176 
?000 F ' RS P 1 SPABTA, SPAT lALLY-AVEBAGEO DOPPLEB EEFECTS NED 176 
7rr>- 1=4 a s I S T R I P , RESCLVEC RESCNANCE INTEGBAL CALCULATICN 8W 305 
20fin F4 RS P T t FORE. EAST REACTOR EXCURSION CALCULATIONS NEC 174 
3-D CCMPO<:iTE ETBUCTUBE STBESS STuCY GGA 1 1 0 8 F4 BS P T I S A F E - 3 0 , 3 3 2 
3-D COMPOSITF STRUCTURE STRESS STUDY CRNL 3 6 0 F + flAL PS P T I S A F E - 3 C . 332 
•\-0 D I F F U S I O N CEPLET ION MULTIGP OBNL 3 5 0 F4 BS P T I C I T A T I O N , 1 , 2 , 3 8 7 
3-D FFW-GP D I F F U S I O N CALC H E X - Z MESH GGA 1 1 0 8 F4 BS P T I GATT. 380 
3 - 0 FEW-GP O I F F U S I O N D E P L E T I O N ANC 3 5 0 E+BAL BSBP X T I P 0 C 7 , 1 . 2 CR B275 
3-D FFW-GP D I F F U S I P N O E P L E T I C N B+W 6 5 0 0 F + ASC BS P T » P 0 0 7 , 1 . 2 OB B275 
3-D FEW-GP D I F F L S I O N O E P L E T I C N EAPL 6 6 C 0 F + ASC BS P T $ PDQ7, 1 , 2 CB B275 
3 -C HEAT CONDUCTION LUMPED MASS LASL 70 30 F4 BS T I RATH. 2 - CR 2 4 2 
3-D HEAT CONDUCTION LUMPEC MASS LASL 7 0 9 4 FAP BS P T t R*^^^' f " °R f * f 
V D HEAT TBANSEER PBOGRAM GGA 1 1 0 8 ES RS P T I T A C 3 D . TBANSIENT 4 1 4 
1 - 0 M U L T I - G P ELUX S Y N T H E S I S PBOGBAM CYL PW 1604 F 6 3 BS T I 2 D X Y L . 192 
3-D PLOTTING KAPL 6 5 0 0 F + ASC BS P T I CATATRAN U T I L I T Y MOCULES. 2 - 0 + R 4C 7 
3-D P F A C T I V I T Y AND POWER D I S T R I B U T I O N CDC 350C F53 BSBP T I FLABE. 167 
3 - 0 B E A C T I V I T Y ANO POWEB C I S T B I R U T I O N NEO * 35 E4 B 5 P T I FLABE . 1 5 7 
3-D STBUCTURES KAPL 6 6 0 0 F4 BS P X I F I N E L . F I N IT E-ELEMENT STUDY 2 . B 4 0 4 
3 - 0 TEMPEBATUBE D I S T B I B U T I O N PBOGRAM CHI 11C8 F4 RS P T I L ON. R299 
3 - 0 TEMPFRATURE D I S T R I B U T I O N PROGRAM KAPL 5 6 0 0 E + ASC RS P T I L I O N , P 2 9 9 
3-D TBANSIENT HEAT TRANSFER PRCGPAM GEC 6 3 5 F + GMP RSBP T I THT . 346 

, - D XENCN TRANSIENT + CEPLETION KAPL 66CC E4 RS P I * . " c J - G P t i l 
3 -0 XYZ XENON O S C I L L A T I O N CE 3 6 0 F4 RS P X ^ I CEXE, INGE XE. 1 GP 415 
3 -0 2-GaOUP C I F F U S I O N XYZ GEOMETBY COC 1 6 0 ^ E63 PS P T I ^^ R ^ * J * ; ; \ \ 

"^^'-l^^^r ^r-] :1;0L ! T % - G ; P CE- I Ê  ION B274 

'^ - - -B^ss o\^^ - ' £ - ? r r ^ ^ - s r ° T% s.\ii. T̂ iJ s-Ĥ :: :^i 
- D ? : - V r u r T i r P r P ^ ' D ^ F E U S I O ^ N ^ j Y Z ^ ^ Ĥ ^̂ ^̂ ^̂ ^̂  ^ ] ^ p ^ 

3 0 X T . D E P 3 . 3 - D XENCN TBANSIENT + C P ET ICN ^ ^ ^ ^ ' ' ^ ^ . ^ ^ ^ ^ S ^ . 5 - 1 4 .SOOPS IA B267 

V - 4 7 2 D E G F BAPL 56CC F4 R S P : / , : , ^ % " C , C T ' ^ R M N E T I C S CODE ANL 3 5 0 0 4 7 4 

\ i ; : B p " " T I* S E U c ^ ^ S ^ A ^ r c r i c * 2 L.8BABY SEBVICE ROUTINES ANL 3 6 0 0 4 7 2 , , , F+RAL S T I f , S H U A DA A OB E . E R Ê ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂  ^^ 

350 F + BAL BS T t F1GS , I B M 3 6 n + ^^5U r u EVALUATICN Al 3 7 5 
360 E+RAL a s L T I S C 0 a E 3 . SCI SBS ENDF/B GB APH IC X b t e ^^^ 

360 F + RAL BS P T t COMNUC .CASCADE. CCMPCUNC NULLtUb ^^^ ^ 3 3 
350 F + RAL a s P T I C O N T E M P T - P S . PRESSURE- EMPERATUBE ^ ^ ^ ^ ^ ^ ^ ^^^^ ^^3 

350 F + RAL as P T I CBAM, - C * ^ [ [ l ^ p '^^^'s^pfrE CBOINAT E PBOGRAM ANL 2 0 9 
360 E+RAL B S P T I 0 T F 4 . 1 - 0 " ^ ^ T I GP 01 CBE fc ^^^ OEPLETICN IBM B335 
350 F+BAL RS P T I ^ ^ 0 5 , 2 - C F EW GROUP D I H Ub , ^ , ^ 5 MC OBNL 3 9 2 
350 F+BAL RS P T I R A F F L E , ^SJ ^^ IGHT COLL S I ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
360 E+BAL RS P T I S A F E - 3 D , 3 - 0 C C M P L M ic . CALCULATION Al 3 0 7 
360 E + BAL RS P X T I HWOCR-SAFE. 2 - D MONTE CARLO CELL C L ^ ^ ^ ^ ^ ^ ^ ^ _ ^ ^ ^^^ 
360 F+BAL BS PLX T I HAMMER. C R I T I C A L EXPERIMENT AN L , , T R335 

, 6 0 F+BAL BSBP T I P D Q S . 2 - 0 F E ^ - t ^ ^ ^ ^ ^ p / J c p ^ ^ F E U S l O N DEPLETION ANC B275 

3^0 f" RS P » A L P H A - M . BESOLUTICN OF GAMMA BAY SPECTRA OBNL 



360 F4 
350 F4 
360 F4 
360 F4 
360 F4 
360 F4 
3 50 F4 
360 F4 
350 F4 
360 F4 
360 F4 
350 F4 
360 F4 
360 F4 
360 F4 
350 F4 
360 F4 
360 F4 
360 E4 
350 E4 
360 F4 
360 E4 
360 F4 
360 F4 
360 F4 
3 60 F4 
360 F4 
350 fl, 
350 F4 
3 60 E4 
350 F4 
360 F4 
3 60 F4 
360 F4 
360 F4 
350 F4 
350 F4 
350 F4 
350 F4 
350 F4 
360 E4 
3 60 F 4 
350 F4 
360 F4 
360 F4 
360 F4 

as 
PS 
RS 
RS 
RS 
BS 
RS 
BS 
RS 

as 
RS 

as 
RS 
BS 
BS 

as 
RS 
BS 
RS 
RS 
BS 
RS 
RS 

as 
RS 
RS 

as 
as 
as 
as 
RS 

as 
as 
as 
as 
BS 
RS 

as 
RS 
BS 
RS 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P X 
P X 
P X 
P X 
PL 

$ 
$ 1 
I 
1 
1 
t 
i 

% 
t 

% 
T i 
T i 
T t 
T $ 
T $ 
T 1 
T t 
T 1 
T t 
T $ 
T t 
T $ 
T $ 
T t 
T 1 
T $ 
T $ 
T $ 
T $ 
T $ 
T $ 
T { 

t 
T $ 
T 1 
T t 
T 1 

PL CT I 
PLX 
PL X 
PLX 

BSR L 
RSBP 
BSBP X 
BSBPLX 
BSBPLX 

3500 ASAF4 as P 
3500 F36 
3600 F35 
3 600 E36 
3600 F35 
3500 F35 
360P F36 
3600 F36 
360C F35 
3500 F36 
T60O F36 
3600 E35 
3600 F4 
36C0 E63 
360O F53 
3600 E63 
3600 F63 
3600 F63 

SRP 

as ; p 
as p 
as 
as 
; p 

T t 
T t 
T $ 
T $ 
T 1 
T t 
T t 
T t 1 
T 1 

t 
T t 
T I 
T t 

; p X T t 
a SBP 
BSBP 
RSRP 
R SRP 
BSBP x 

t 
1 
t 
t 

; T t 
RSBP X T $ 
RSBP 
RS ; LX 
a SBP 
RSRP 
BSBP 
BSRP 

T 1 
; T t 

t 
t 
t 
t 

B L A S T , BEACTOB K I N E T I C S TEMPERATUBE CIST STUCY AEB 363 
CLOUD, GAMMA-BAY DOSE BATE FfiOM A CLOUD DP 4 7 
C O D I L L I , LEAST SQUABES ANALYSIS BESONANCE DATA U I L L 347 
CORGAM, UNFOLDING OF COMPLEX GAMMA-RAY SPECTBA KSUN 390 
D Y N O l . PHOTOMULTIPLIER ELECTRON D I S T R I B U T I O N ANL B464 
PERT , l - C PEBTUBBATION FOB AIM ANO FOG CODES BHSC 30 
T B I F I D O . PULSED NEUTBCN SOUBCE OATA ANALYSIS CNEA 4 8 9 
TWIGGLE. 2 - D 2-GP SPACE-T IME D I F F U S I O N ANL R338 
WATER-HAMMER. L I C U I D BLOWCOWN ANALYSIS LOFT UGA 278 
WELWING, MATERIAL BUCKLING CYL FUEL ELEMENTS AEB 362 
S I S I T E 2 . PABAMETBIC S I T E BEQUIBEMENT STUDY A l 172 
ANCON, SPACE-INDEPENDENT BEACTOR K I N E T I C S COCE ANL 4 8 6 
ATHENA4. I N E L A S T I C SCATTEBING FOBM FACTOBS OBNL 4 1 7 
C I N C A S , NUCLEAB FUEL CYCLE COST AND ECONOMICS COMM 354 
C I T A T I O N , 1 , 2 . 3 - 0 D I F F U S I O N DEPLETION MULTIGP OBNL 3 8 7 
C 0 B a A 3 . BOD BUNDLE THEBMALHYDBAULIC ANALYSIS ANL 4 3 2 
CONCEPT, POWEB PLANT CONCEPTUAL COST ESTIMATES OBNL 4 9 8 
CBECT.CHECKEB. E N D F / B - I I PBOCESSING fiOUTINES ANL 4 7 5 
ETOE, ENDE/B TO M C * * 2 CATA CONVERSION ANL 350 
EXTERMINAT0R2 , 2 - C M U L T I - G P D I F F U S I O N PROGRAM ORNL 156 
FAIMOS, 1-D MULTI -GP D I F F U S I O N SLAB CYL SPHERE BHSC 120 
FLANGE2, ENOF/B THERMAL SCATTEBING OATA PBOC DP 366 
H A A 3 . COAGULATION OF HETEBCGENECUS AEBCSOLS A l 4 4 3 
L I F E l . FAST BEACTOR FUEL ELEMENT BEHAVIOR ANL 4 6 0 
M C * * 2 , ENCF MULTIGROUP X - S E C T I Q N CALCULATION ANL 355 
R I C E , PRIMARY RECOIL ATCM SPECTBA ENCF/B CATA CBNL 4 5 3 
S A B 0 a 4 , DISCRETE-ELEMENT ANALYSIS T H I N SHELLS MIT R402 
S A S I A , FAST REACTCR POWER ANC FLCW TBANSIENTS ANL 4 0 0 
SUPEBTOG, E N D F / 8 F I N E - G P CONSTANTS GENEBATION CRNL 4 3 1 
T S N . SPATIALLY-CEPENDENT BEACTOB K I N E T I C S A l 309 
TWOTBAN. 2 - D MULT I -GP TBANSPCBT COOE X - Y GECM ANL 358 
V A B I - O U I R . T IME-DEP 2 - D M U L T I - G P D I F F U S I C N UMCC 212 
B U B S T l , HYDBODYNAMIC ANALYSIS OUBING BLOWDOWN PPCO 4 3 5 
C E X E . I N C E X E , 1-GP 3 - D XYZ XENCN O S C I L L A T I O N CE 4 1 5 
F 0 R E 2 , FAST REACTOR EXCURSION CALCULATIONS ANL 174 
MODS, STOCHASTIC MODEL OF NEUTRON SLOWING-DOWN NPGS 4 9 1 
TEMPEST2, THEBMAL NEUTBCN SPECTBUM X - S E C T I O N S BHSC 50 
Q X l . OUASISTATIC SPATIAL BEACTOB K I N E T I C S CODE ANL 4 7 4 
A I L M O E , X - S E C T I C N CALC ELASTIC SCAT RESONANCES Al 147 
LEOPARD, SPECTRA CALCLLATICN WITH CEPLETICN WAPC 279 
XSDRN, CISCRETE ORDINATE MULTIGROUP CONSTANTS ORNL 3 9 3 
C L I P , ECRM CB THBEDES LIBBABY U T I L I T Y BOUTINE A l 2 7 1 
THREDES, 1-D FEW-GP D I F F L S I C N DESIGN SYSTEM A l 2 7 3 
S I Z Z L E . 1-D MULTIGBOUP C I F F U S I O N DEPLETION Al 56 
A N I S N , 1-C MULTI -GP DISCBETE OfiDINATE CALC A l 151 
C A E S A a 4 , L I B L S T , 1 - 0 M L L T I - G P D I F F U S I O N + L I B Al 270 

ETOE, ENDF/B TO M C * * 2 CATA CONVERSION APDA 350 
B0W2. DEFLECTION CALCULATION PARALLEL BEAMS ANL 355 
M C * * 2 , ENDF MULTIGROUP X - S E C T I O N CALCULATICN ANL 355 
S N A B G - I D . 1 -C MULTI -GP CISCBETE OBCINATE CALC ANL 288 
SUPORAN, REACTOR COBE SLPPOBT STBESS ANALYSIS ANL 357 
M A C H l . 1-D MULT I -GP C I F F U S I O N SLAB CYL SPHEBE ANL 262 
CHEML0C2. COBE HEATING CLADDING-STEAM BEACTION ANL 366 
M I S H - M A S H . BESONANCE INTEGRAL CALC HOMOGENEGUS ANL 2 1 4 
SWELL2. FUEL ELEMENT L I F E T I M E ANALYSIS ANL 353 
WHAM, L I Q U I D - F I L L E D P I P I N G SYSTEM ANALYSIS KE 2 7 8 
R A B B L E , W L I B . F L A T , RESONANCE ABSORPTION. CELL ANL 2 8 1 
R I F F - R A F F . RESCNANCE INTEGRAL CALC 2-REG CELL ANL 213 
2DB. 2-D MULTIGRCUP D I F F U S I C N AND CEPLETICN ANL 325 
G A M l , FAST NEUTBCN SPECTBUM X - S E C T I O N CALC ANL 33 
A X l , CCUPLED NEUTBQNICS-HYOBODYNAMICS SPHEBE CDC 102 
C O I N C , COINCIDENCE COUNTING DATA REDUCTION ANL 248 
NEABBEX, CCMPOUND NUCLEUS X - S E C T I O N CALC ANL H I 
a i O l . SPACE-INOEPENDENT KINETICS KEX CPTICNS ANL 255 
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3500 
3 500 
360r 
3 600 
3500 
3600 
3600 
3600 
3 50O 
353C 
3600 

F 6 3 
F53 
E 6 3 
F5 3 
F63 
F 6 3 
F6 3 
F 6 3 
F53 
36F 
36F 

BSBP 
BSBP 
BSRP 
BSBP 
BSRP 
R SPP 
BSBP 
BSRP 
BSBPL 
as PL 
BSBP 

T 
T 
T 
T 
T 
T 

X T 
T 

CT 
T 

1 
t 
1 
t 
t 
t 
t 
t 
t 
t 
1 

4PESTRAINT P I P E 
46 GAFGAR ENDE/B 
SOOPSIA 3 2 - 4 7 2 0 E 
675 F+MAP 
625 F 4 
525 F4 
525 F4 
525 F4 
635 F+FAP RSRP 
535 F+GMP PS P 
635 F+GMP OSBP 
635 F4 

PS P 
RS 
RS 
RS P 
PS P 

R 1 0 2 . SPACE- INDEPENDENT INVERSE K I N E T I C S CALC ANL 
ARGUS, TBANSIENT TEMPEBATUBE CALC CYLINDEB ANL 
F L A B E , 3 - D B E A C T I V I T Y AND PCWEB C I S T B I B U T I O N COC 

t fll53, PABAMETBIC S I T E BEQUIBEMENT STUDY ANL 
T B A F I C C B P O B A T I C N , TBANSFEB FUNCTION SYNTHESIS ANL 
X L I B I T , X - S E C T I O N LIBBABY U T I L I T Y BOUTINE ANL 
2 P L U S , N O N - S P H E B I C A L OPT ICAL MODEL X - S E C T I C N S ANL 
THEPMCS(ANL) , THERMAL SPECTRUM X - S E C T I O N CALC ANL 
MAC. S H I E L D DESIGN MLLTIGROUP SLAB GECMETRY ANL 
Q X l , O U A S I S T A T I C SPATIAL REACTOR K I N E T I C S CODE ANL 
MERMC2 . M A G I C , MG**2 LIBRARY SERVICE ROUTINES ANL 

S T R E S S . MAXIMUM MOMENT CALC A l 7 0 9 0 F+FAP RS T I 
DATA TAPES GGA 1 1 0 8 B I N R L T I Z P R - I I I ASSEMBLY 

GF RAPL 6 6 C 0 F 4 RS T I WATEB. STEAM TABLES 1 4 . 5 - 1 4 , 
T I D T F 4 , 1 - 0 M U L T I - G P DISCBETE OBOINATE PBOGBAM BC 

EXTERMINAT0R2 , 2 - C M U L T I - G P D I F F U S I O N PROGRAM 

PS 
BS 
RS 
BS 
RS 
as 
PS 
BS 
as 
as 
as 
as 
OS PL 
BSRP 
BSRP 
RSRP 
BSRP 

R S P 
R S P 
RS P 
0 S P 

535 F4 
535 E4 
635 F4 
h-", E4 
535 E4 
535 E4 
5?5 F4 
535 F4 
535 F4 
535 F4 
535 F4 
535 F 4 
S 'S F4 
535 F4 
535 F4 
535 F4 
54OC F4 
540C E4 
540'^ F4 
5 5 0 r E4 
5 5 0 0 F4 
6500 BCD a 
6 6 0 0 F O R 
5 6 0 0 F .ASC PS 
6 6 0 0 E+AEC RS 
5 6 0 0 F+ASC RS 
6 6 0 0 F+ASC RS 
5 6 0 0 E+ASC BS 
5 5 0 0 F+ASC BS 
5 5 0 0 F+ASC RS 
560C F + ASC a s 
6 6 0 0 F+ASC RS 
6 6 0 0 E+ASC as 
660O F+ASC a s 
5500 F+ASC as 
66CC E + ASC as 
5600 E+ASC as 
5600 F+ASC as 
fcfcoo E + ASC as 
6f.or F+COM BS 
, - - c r r i i R^ 

BC 
FOG, 1 - 0 FEW-GP D I F F L S I C N SLAB CYLINCEB SPHEBE 8C 
A V O I C , ANNULAB V O I D X - S E C T I O N CALCULATION GEC 
GAMTEC2 , M U L T I - G P CONSTANT CALC 0 TO 10 MEV BC 
C A S C A D E , C L U S T E B , B A O I A T I C N DAMAGE I N METALS GEC 
S Y N . 2D SYNTHESIS MULTIGP C I F F + IGP DEPLETION GESV 
T H T E , 3 -D TBANSIENT HEAT TBANSFEB PPOGBAM GEC 
BAPFU. FUEL CYCLE PABAMETEBS FAST BBEEDEBS APO 
RUBNUP. HEAVY ELEMENT IS OT OP IC BUBNUP ANALYSIS GEV 

as PL X 

D O T 2 D 9 . 20 MULTIGBOUP D I F F L S I C N + SN THECBY GESV 
EXPN, ANALYSIS OF PULSED NEUTBON SOUBCE DATA NED 
F L A B E . 3 - D R E A C T I V I T Y ANC POWEB C I S T B I B U T I O N NEO 
F B E A D M l . FAST BEACTOB CCBE ACCIDENT ANALYSIS GESV 
FUMBLE, FAST REACTOB FUEL BUBNUP + MANAGEMENT GESV 
MANTA, STEACY-STATE THEPMAL-HYOBAULIC ANALYSIS NED 
BEAX, BFSOLVEC RESONANCE EPITHERMAL X - S E C T I C N S NED 
TBOUT, MUG MULTIGROUP XSEC LIBRARY MAINTENANCE GESJ 
V E L V E T 2 . TUBBLLENT FLCW I N LMFBR BCC BUNCLE GESV 
E 0 a E 2 . FAST BEACTOB EXCUBSION CALCULATIONS NEO 
R I S Y N , 7 - C M U L T I - G P D I F F U S I C N SYNTHESIS CALC NED 

I C H A I N S . ANALYSIS CF BADICACTIVE DECAY CHAINS GEC 
I DOS, NEUTBCN FLUX-DOS IM ET y* A C T I V I T Y RELATION GEC 
t M I C H R D . MICBCHABDNESS MEASUBEMENT ANALYSIS GEC 
I GROUSE. SPACE-DEPENDENT X - S E C T I O N GENEBATION GEC 

t ADEP. I C AND 2C FEW-GBOUP SPACE-T IME K I N E T I C S BCL 
I E C r S A 4 . LOSS-CF-COOLANT £ EMEBGENCY CCCLING BCL 
t N U B L O C - l . O . LOSS-OF-COOLANT THEBMAL ANALYSIS BCL 
t P A B T I . C P T I M 4 L GBCUP OB MESH CCLLAPSING TRW-MMU 
t M A C H l , 1-D M U L T I - G P D I F F L S I C N SLAB CYL SPHERE PUPD 
I ETOGl DATA L I R B A R I E S , MUFT4 OR 5 • GAMl + GAM2 WNES 
t T I G I R 2 , MODULAR CCCUMENT INFCBMATICN SYSTEM KAPL 
t S I M P L E l , T I M E - S H A R I N G PROGRAMMING LANGUAGE KAPL 

T 1 B E T T I S ENV IPCNMENTAL fiOUTINES, SUBBOUTINE L I B . 8 + W 
T I R E T T I S ENVIBCNMENTAL B C L T I N E S , SUBBOUTINE L I B . BAPL 
T I A S P I S , GAMMA BAY SOUBCE BUILDUP FACTOB CALC BAPL 
T I C U B F I T , CUBVE F I T T I N G EXPERIMENTAL CATA POINTS KAPL 
T t DATATBAN U T I L I T Y MODULES, 2 - D + 3 - D PLCTTING KAPL 

CATATaAN 2 - D GEOMETBY I N P U T , PBEPABATION, E D I T KAPL 
DOGGY, DESK CALCUL4TCB FOBM SHEET CP PACKAGE 
GEM. EIGENVALUE Pa08LEM FOB V I 8 B A T I N G SYSTEMS 
L I O N , 3 - D TEMPEBATURE C I S T R I B U T I O N PROGBAM 
L I Z A a O . NONLINEAB D I F F E B E N T I A L EONS. SOLUTICN 
P D 0 7 , 1 . 2 OB 3-D FEW-GP D I F F U S I O N OEPLETICN 

SNE 

a E S 0 ' ' . B E S 0 0 i c 8 F l ^ a E S C N A N C E INTEGRAL HEX CELL 
K A P L P L O T . KAPL CALCCMP PLCTTING " C L T I N E S 
MODEL. M C D I F I E C B E T T I S ENVIBNMNTL L I B S C O P E 3 . 2 CDC 

' 0 0 7 , 1 , 2 OB 3-D FEW-GP D I F F U S I O N u t K L C 11 L..̂  
' 0 0 7 . 1 . 2 OB 3 - C FEW-GP C IF F US ION DEPLETION 
; N E 0 . NONLINEAB ALGEBBAIC EQN SOLN CUBVE PL 
; P 4 N Z , A POINT-KEBNEL SHIELD EVALUATION COO 

KAPL 
KAPL 
KAPL 
KAPL 
B + W 
BAPL 
KAPL 
BAPL 
BAPL 
KAPL 

168 
152 
167 
172 
135 
1 8 1 
2 54 
184 
143 
4 7 4 
4 7 2 
109 
356 

8 2 5 7 
2 0 9 
156 

28 
2 7 5 
185 
4 1 9 
4 9 5 
346 
372 
311 
4 5 9 
2 5 8 
157 
4 7 9 
4 6 0 
256 
2 5 7 
4 9 3 
4 5 8 
174 
287 
4 1 8 
4 2 3 
4 2 1 
4 2 0 
4 9 4 
3 3 0 
32 8 
4 1 5 
2 6 2 
4 4 7 

8 4 0 3 
P442 
B 4 7 8 
B478 
B429 
fi 4 3 
B407 
B4C6 
B 4 2 8 
B344 
R 2 9 9 
B44S 
B275 
R 2 7 5 
B364 
R462 

R2es 
R496 
R 4 7 e 



6 6 0 C 
6 5 0 0 
6 6 0 0 
6 6 0 C 
5 5 0 0 
660O 
6 6 0 0 
6 6PO 
5 5 0 0 
660O 
6 5 0 0 
6 6 0 0 
6 6 0 0 
6 6 0 0 
660C 
5 6 0 0 
5 5 0 0 
660C 
6 6 0 0 
6 6 0 0 
6 6 0 0 
6 6 0 0 
6 6 0 0 
560O 
650C 
66CC 
5 6 0 0 
6 5 0 0 
5 6 0 0 
6 6 0 0 
55CC 
65O0 
560C 
650C 
5 5 0 0 
5 6 0 0 
5 5 0 0 
6 5 0 0 
5 6 0 0 
6 6 0 0 
6 6 0 0 
660C 
6 5 0 0 
6 6 0 0 
660O 
5 5 0 0 
660C 
6 5 0 0 
6 6 0 0 
6 6 0 0 
660O 
66CC 
6 5 o r 
6 5 0 0 
6 6 0 0 
6 6 0 0 
5 6 0 0 
6 5 0 0 
6 5 0 C 
6 6 0 0 
65CC 
660O 
560C 
6 5 0 0 

F+COM 
F+COM 
F+CCM 
E + COM 
F4 
F4 
F4 
E4 
F4 
F4 
F4 
F4 
F4 
F4 
E4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
E4 
F4 
F4 
F4 
F4 
E4 
E4 
F4 
E4 
E4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
E4 
F4 
E4 
E4 
F4 
F4 
F4 
F4 
F4 
F4 
F4 
E4 
F4 
F4 
E4 
F4 
E4 
F4 
F4 
F4 

RS 
RS 
RS 
RSP 
RS 
RS 

as 
as 
as 
RS 
RS 

as 
as 
as 
RS 

as 
as 
as 
as 
as 
as 
RS 

as 
as 
RS 

as 
as 
BS 

as 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 

as 
as 
as 
RS 

as 
as 
as 
RS 

as 
as 
as 
as 
as 
as 
as 
BS 

as 
RS 

as 
as 
RS 

p 
P X 

t 

L 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

t 
1 
1 
t 
t 
1 
t 
1 
t 
t 
I 
t 
1 
t 

$ 
S 
1 
1 
I 
1 
t 
1 
t 
I 

s 
1 
t 
t 
1 
t 
t 
t 
i 
i 
$ 
t 

$ 
1 

$ 
I 
I 
1 
1 
t 
I 
t 
t 
t 
t 
t 
t 
1 
t 
t 
1 
t 

$ 
t 
t 

$ 
t 
t 
1 
t 

MODEL. MOD 
G A P L 3 . INEI 
FAREC, 1 - 0 
DATATRAN, 
A P R F X l , 99 
SORSCB, PR 
CHECKER,CR 
CRECT,CHEC 
CYGR02 , ST 
GASPAN, CO 
M 0 5 4 8 . 1-D 
M 0 8 0 7 , 2 - D 
WATER, STE, 
GGC4, MULT 
AVERAGE. U 
G I N D E B , M O l i 
D A C l , SN P 
D Y N O l , PHO 
GBAMP. B-M 
HEATMESH. 
LABCA, FLU 
MOST, A MUl 
B A M P l , a c i i 
B A P P , HIGH 
B A U M Z E I T , 
B E L C l . BEL 
S I G P L O T , a 
STEM. PATB 
S T I N T 3 . SI 
TUBE. U-TU 
ANCON, SPA 
A V R A G E 3 . 4 , 
B E 2 1 , FEW-
B L 4 7 , DBAF 
R U B L l , FUE 
BUSHL, CYL 
C H I C - K I N , 
C I N C A S . NU 
CYGa03 , CX 
O A F T l , LEA 
0 T F 4 , 1-D 1 
EPOCH, NEU 
E T O M l , END 
EXTERMINAT 
F I G B O , LSB 
FLASH3, LO 
F L A S H 4 , FU 
F L O T l , M 0 2 1 
GLEN, GBOU 
G L U B l . WAT 
H 0 T 2 . 2 -D 
J I T E B . FLU 
MANEl . BEC 
MANTA. STE 
M 0 2 6 6 , L I N 
M 0 4 5 7 , P I P E 
M 0 5 5 2 , DYN 
MOSSS.ACTl 
M 0 6 5 1 , M 0 6 5 
M 0 7 5 6 . L E T 0 
M 0 8 9 9 , H 0 H , 
NOAH, 1-D \ 
NOWIG, 1-D 
P H E N I X , 2D 

I F I E C B E T T I S ENVIBNMNTL L I B S C O P E 3 . 3 
L A S T I C LABGE DEFLECTION STBESS STUCY 

FAST REACTOR DESIGN £ SURVEY STUOY 
MOCULAR PROGRAMMING ANO CATA SYSTEM 
- G P 0 L C - 2 B LIBRARY GROUP COLLAPSING 
ESSURE VESSEL STRESS AND FATIGUE 
E C T , C A M M E T , P L C T F B , S L A V 3 , ENOF/B PROC 
KER, R I G E L , PLOTFB, L I S T F C , D I C T I O N , E T C . 
RESS ANALYSIS CYL FUEL ELEMENT 
MPLEX GAMMA-BAY SPECTBA ANALYSIS 

SLAB TBANSPOBT WITH SLOWING DOWN 
C I F F U S I O N ABSORPT ION REMOVAL X-SECS 

AM TABLES 1 4 . 5 - 1 4 , 5 0 0 PS I A 3 2 - 4 7 2 C E G F 
l -GP X - S E C T I O N S FAST THERMAL SPECTRA 
NRESOLVED REGICN AVERAGE X-SEC CALC 
0 2 , PCINT DEPLETION F I S S I C N PROCUCT 
ERTUBBATION COCE USING DTF4 FLUXES 
T C M U L T I P L I E B ELECTBON D I S T B I B U T I C N 

PABAMETEBS OF UNRESOLVED BESONANCES 
GECMETBICAL CATA HEAT TBANSFEB STUOY 
X-WEIGHTING CF DTF4 CBOSS SECTICNS 
L T I O I M E N S l O N A L O P T I M I Z A T I O N SCHEME 
CH-MCCBE BESCLVEC BEGION X - S E C T I O N S 
- V E L O C I T Y FLCW STUDY STEAM-WATEB MIX 
l - D T IME-CEPENCENT D I F F U S I O N CALC 
I A 8 I L I T Y FOB A SINGLE FAILUBE MOCE 
ESOLVEO MULTILEVEL 8-W X-SEC CALC 
IX GENEBATION FOB A SYSTEM OF BEAMS 
NGLE-CHANNEL SPACE-T IME SYNTHESIS 
BE HEAT EXCHANGEB STBESS ANALYSIS 
CE- INCEPENDENT BEACTCB K I N E T I C S CODE 
S I G M A 2 , A D L E f i , ENDF/B BESONANCE XSECS 
GP DISCBETE OBDINATES SLAB GEOME RY 
T ING TCCL TC PLOT PLANE STRUCTURES 
L SWELLING + GAS RELEASE S I M U L A T I C N 

SHELL BUCKLING COLLAPSE ANALYSIS 
EAST + INTERMEDIATE PCWEB TBANSIENTS 
CLEAR FUEL CYCLE COST AND ECONOMICS 
ICE FUEL BCC STBESS £ DEFOBMATION 
ST SQUABES F I T F I S S I L E NUCLIOE DATA 
M U L T I - G P DISCBETE ORDINATE PROGBAM 
TBCN AGE CALCULATICN OF ENOF/B CATA 
F/B FOBMAT TC MUFT FOBMAT X - S E C T I C N S 
CB2, 2 - D M U L T I - G P D I F F U S I O N PBOGBAM 
a FUEL SWELLING TEMPEBATUBE STUDY 
SS-OF-COOLANT ACCIDENT ANALYSIS 
L L Y - I M F L I C I T TBANSIENT S I M U L A T I O N 
9 , PWB FLCW TBANSIENT ANALYSIS 
P CONSTANT CALC FBOM TOB OUTPUT DATA 
Efi-LCGGED FUEL ELEMENT ANALYSIS 
TBANSIENT HEAT CONDUCTION PROGBAM 
CTUATION EXPEBIMENT ANALYSIS 
TANGULAB MAGNETIC NETWCBK SOLUTION 
ADY-STATE THEBMAL-HYDBAUL IC ANALYSIS 
EAP ELASTIC STBUCTUBAL DYNAMICS 
, ELASTIC STBESS CF P I P I N G SYSTEM 
AMIC ANALYSIS L INEAB ELASTIC SYSTEMS 
, LOSS-OF-CCCLANT ACCIDENT ANALYSIS 
7 . M C 6 2 5 . POLYNOMIAL CUBVE F I T T I N G 
. l - D SLAB GAMMA-BAY TBANSPOBT 

STEAM TABLES 1 4 . 5 - 2 5 3 8 PSIA 
ONE-GP SPACE-T IME D I F F U S I O N FEEDBACK 

2 -GP K I N E T I C S TEMPEBATUBE FEEDBACK 
D I F F U S I C N RLBNUP REFUELING HISTOBY 

CDC 
BAPL 
B£W 
KAPL 
APBF 
KAPL 
NCSC 
BNL 
BAPL 
KAPL 
BAPL 
BAPL 
BAPL 
GGA 
BNL 
BAPL 
LASL 
KAPL 
BAPL 
SLL 
LASL 
KAPL 
BNL 
KAPL 
KAPL 
BAPL 
BNL 
KAPL 
KAPL 
KAPL 
LASL 
BNL 
BAPL 
BAPL 
8APL 
BAPL 
BAPL 
WNES 
BAPL 
BAPL 
LASL 
BAPL 
WNES 
CE 
BAPL 
BAPL 
BAPL 
BAPL 
LASL 
BAPL 
BAPL 
BAPL 
BAPL 
WABD 
BAPL 
BAPL 
BAPL 
BAPL 
BAPL 
BAPL 
BAPL 
BNL 
BAPL 
LASL 

fi478 
8 397 

4 2 7 
R 3 e 6 

4 6 6 
R391 

384 
4 7 5 

R 2 6 6 
R48 5 
R342 
R 2 8 0 
R267 

2 9 8 
3 7 6 
3 1 3 
4 5 5 

B464 
B470 

4 3 4 
4 0 9 

8 4 4 6 
4 9 2 

8 3 8 2 
8 3 5 2 
8 4 9 7 

377 
B337 
B389 
B378 

4 6 6 
4 6 5 

8 3 9 8 
B 3 7 3 
B46 8 
B 4 8 1 
B473 

3 5 4 
fi449 
B327 

2 0 9 
8 4 6 1 

4 3 6 
156 

a 2 7 2 
B295 
fi448 
8 3 3 1 

3 6 1 
B 4 2 4 
B286 
R394 
R 4 1 2 

2 5 6 
R 3 6 3 
R329 
R283 
R 2 8 4 
B411 
B343 
a 2 9 4 

40 5 
R 3 7 1 

4 5 4 



5 6 0 C E4 RS P T I P U N l . UNRESOLVED RESCNANCE INTEGRALS X-SECS BAPL B359 
6 6 0 0 F4 RS P T I REDUX, BEACTOR FLUCTUAT ION EXPEBIMENT A N A L Y S I S BAPL B425 
660C F4 R S P T I S A F E - P L A N E , PLANE STBESS A N A L Y S I S , 2 - C BOCIES BNL 252 
6 5 0 0 F4 BS P T I S A S I A . FAST BEACTOB POWEB AND FLOW TBANSIENTS ANL 4 0 0 
5 6 0 0 F 4 PS P T t S E A L S H E L L 2 . SHELL STRESS ANALYSIS AXISYM LOAD BAPL R 2 e 2 
6 6 0 0 F4 RS P T I S 0 R 2 , STRESS A N A L Y S I S SHELLS CF REVOLUTION KAPL R 80 
5 6 0 0 F4 RS P T t SUMOR, S-WAVE NEUTRON X - S E C T I O N CALOULATION BAPL R399 
6 5 0 0 F4 BS P T I T O P S . TRANSIENT THEBMCCYNAMICS CF PBESSUf i lZEBS BAPL B 3 4 8 
660O F4 a s P T I T O B , THEBMAL SCATTEBING C B Y S T A L L I N E MATEBIALS LASL 360 
5 6 0 0 E4 a s P T I T W I G L . 2 - D 2 - G P S P A C E - T I M E C I F F U S I O N FEEDBACK BAPL B 3 3 8 
5 6 0 0 F4 BS P T t TWOTBAN, 2 - D M U L T I - G P TBNSPT CCCE XY RZ RTHETA LASL 358 
5 6 0 0 F4 BS P T 1 V A B I - Q U I B , T I M E - C E P 2 - D M U L T I - G P D I F F L S I O N WANL 212 
66C0 E4 RS P T I WASP, WATER ANC STEAM THERMOCYNAM IC PBOPEBTIES BAPL B 3 9 6 
5 5 0 0 F4 a s P T I W I G L 2 . 1 -0 2 - G P S P A C E - T I M E D I F F U S I O N 3-GECM BAFL B274 
6 5 0 0 F4 BS P T t 2 0 8 , 2 - 0 MULTIGROUP D I F F U S I O N AND DEPLETION LASL 325 
5 5 C f F4 RS P T t 3 D D T , 3D MULTIGRCUP C I F F U S I O N XYZ R - T H E T A - Z LASL 4 6 3 
5 5 0 0 F4 RS P T I 3 D X T , D E P 3 , 3-D XENCN TBANSIENT + CEPLETICN KAPL fi477 
65CC F4 RS P X t F I N E L , F I M T E-ELEME NT STUCY 2 , 3 - D STRUCTURES KAPL R404 
6 5 0 0 E4 RS P X T I P A X 0 2 , HARMCNY-PDQ X - S E C T I C N GENERATION COCE BAPL B 4 2 6 
5 5 0 0 F4 BS PL T I E T O G l . E N D F / 8 TO MUFT, GAM, A N I S N X-SEC FCa j 'AT WNES 4 3 7 
703C E4 a s T I B A T H , 2 - OB 3-C HEAT OONCUCTION LUMPED MASS LASL 2 4 2 
7030 E4 BS P T t O T E - B U B N , 1 - 0 M U L T I - G P DTF4 WITH CEPLETICN LASL 269 
7030 F4 as P T t D T F 4 , 1-C M U L T I - G P DISCBETE OBOINATE PfiCGBAM LASL 2 0 9 
7C40 F+MAP PS P t CCMBCO, COMBINEC R-W M U L T I - L E V E L CONVOLUTION PPCO 2 0 3 
7 0 4 0 F+MAP RS P T t CONTEMPT. LCSS-CF-COOLANT ACCICENT ANALYSIS PPCO 297 
7 0 4 0 F + MAP RS P T I R S A C . R A C I C L C G I C A L SAFETY ANALYSIS PROGRAM PPCO 2 6 5 
704C F 4 R S P T I T O P I C , 1-D FEW-GP SN AP FROX I MST IPN CYLINDER PPCO 148 
7044 F+MAP RS P I FASDOP. X - S E C T I O N S FROM B-W RESCNANCE DATA GGA 2 1 5 
7C44 F + MAP BS P T I BLOOSTS. PC I NT-K INET IC S WITH 2 - 0 HEAT TBANSFEB GGA 205 
7044 F+MAP a s P T t G A B O L , BESONANCE CVEBLAP AND L A T T I C E EFFECTS GGA 2 1 9 
7 0 4 4 F+MAP BS P T 1 OPUS, POWEB PLANT PEBFCBMANCE AND PBICE STUDY GGA 2 2 6 
7 0 4 4 F + MAP BS P T I B E L A P 2 , BEACTOB BLCWCCWN - EXCURSION ANALYSIS INC 369 
7044 F+MAP BS P T I TOODEE, 2 - 0 T IME-DEPENDENT HEAT CCNCUCTION PPCO 3 4 9 
7P44 F + MAP BSPP t UNPACK, B E T B I E V A L FBOM SCISRS X-SECTION TAPE GGA 2 0 6 
7C44 F + MAP RSRP T I G A M R L E 4 . 2 - 0 M U L T I - G P C I F F U S I O N XY RZ GEOMETBY GGA 2 2 2 
7 0 4 4 F + SPS BSRP T I CBOSSPLOT, 5 C 4 0 2 0 PLOTS FBOM X - S E C T I O N TAPES GGA 207 
7044 F4 a s t COBE, COBE CCNFIGUBAT ION FUEL TEMPERATUBE CODE GGA 233 
7044 F4 BS X T I PRECON, HTGR CONTAINMENT* PRESSURE PCST RUPTURE GGA 228 
7044 F4 a s P I GAVEB, ENEBGY INTEBVAL X - S E C T I O N AVEBAGING GGA 2 1 8 
7044 F4 BS P I G A Z E L L E S , GAS-CCCLEO COBE THEBMAL OESIGN STUDY GGA 2 3 2 
7044 F4 a s P I B A 0 2 , HTGB F I S S I C N PBOCLCT A C T I V I T Y D IST STUDY GGA 2 3 1 
7 0 4 4 F4 BS P I WAMPUM, FUEL CYCLE COSTS PEBFOBMANCE STUDY GGA 2 2 4 
7C44 F 4 BS P T 1 ELBCW, FUEL ELEMENT STBESS ANALYSIS STUCY GGA 229 
7 0 4 4 F4 a s P T I F M C - N , MONTE CABLC CALC NEUTBON H I S T O B I E S GG4 195 
7044 E4 a s P T t GABGOYLE, FUEL CYCLE A N A L Y S I S P 4 B T I A L BEFUEL GGA 260 
7C44 F4 B S P T I G A S P 2 , 1 -0 FEW-GF D I F F L S I C N POWEB CIST SEABCH GGA 2 2 0 
7 0 4 4 F4 RS P T i R E L O A D - F E V E R , 1-D FEW-GP D I F F L S I O N DEPLETION GGA 2 2 1 
7044 F4 RS P T I R E V I S E C - G A C , FUEL CYCLE ANALYSIS W/REFUELING GGA 2 2 3 
7 0 4 4 F4 RS P T t S A F E - A X I S Y M , STRESS ANALYSIS AXISYMMETRIC LOAC GGA 2 5 1 
7 0 4 4 F4 BS P T I S A F E - P C B S , STBESS A N A L Y S I S AXISYMMETBIC LOAC GGA 2 5 0 
7 ? 4 4 F 4 B S P ' T , STMGEN, STEAM GENEBATCB CESIGN C B I T E B I A COSTS GGA 2 27 

7 0 4 4 F4 a s P T I TEMCO, 1-0 FEW-GP D I F F L S I O N TEMP CCEF CALC GGA 2 2 5 
l l t l F4 a s P X I L F G C 0 E F 3 , LEGENDBE CCEF CALC FOB ANGULAB D I S T GGA 217 
7 0 9 % 3 B T I F I R N . 2 - D FEW-GP S4 APPROXIMATION PZ GEOMETBY LRL 7 

T'O'O'MFAP'RS T M R E S T R A I N T ' P I P E STRESS. "*«>^^^^^^^^^^\P5ERE A'I' wl 
7 0 9 0 F + F A P RS L T I F A I M . l - C M U L T I - G P D IFFUS ION SLAB CTL SPHERE A 120 
7 0 9 0 F+FAP RS L T I Q U I C K I E . I N F I N I T E MEOILM SPECTRUM X - S E C T I C N S * 1 1 9 
7 0 9 0 F+FAP RS L T I U L C E R . 1 - 0 M U L T I - G P D I F F U S I O N SLAB CYL SPHEBE M 1 1 8 
7 0 9 0 F + F A P BS P I W I R E X . COMPUTER-FROCUCED W I R I N G L I S T S UHTREX LASL 315 
7 0 9 0 F + FAP R S P T I A S S A U L T . 2 - D M L L T I - G P D I F F U S I O N DEPLETION CCCE CRNL 2 4 0 
7 0 9 0 E + FAP BS P T I D F S R . OATA F I L E SERVICE ROUTINES ENOF TAPES BNL 2 3 6 
7 P 9 0 F + FAP RS P T I D P C . DATA PREPARATION FOR 2 - D CESIGN PROGRAMS LASL 2 3 4 
TpqO F+FAP BS P T I E X T E B M , N A T O R . 2 - 0 M U L T I - G P D I F F L S I O N PRCGBAM CBNL 156 
j n o n F + FAP BS P T I R A F F L E , 1ST FL IGHT C O L L I S I O N P R O B A B I L I T I E S MC OBNL 3 9 2 

file:///p5ere
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7090 
7090 
7090 
7090 
7090 
7O90 
7C90 
709C 
7090 
7P90 
7^90 
7090 
7O90 
7090 
7C9C 
7090 
7C9C 
7090 
709C 
7C90 
709O 
7090 
7C90 
709O 
7C9C 
7C90 
7090 
7C90 
7090 
7090 
7O90 
7'>90 
7C90 
7f90 
7090 
7C90 
7090 
7090 
7"90 
7090 
7090 
7090 
7090 
709C 
7C9C 
7090 
7090 
7090 
7090 
7090 
7090 
7C90 
7C90 
7090 
7090 
7090 
7090 
7090 
7090 
7090 
7090 
7090 
7090 
7090 

F + FAP 
F + FAP 
E + FAP 
F + FAP 
F + EAP 
F + FAP 
F+FAP 
F + FAP 
F+FAP 
F+FAP 
F + MAP 
FAP 
FLOCO 
FLCCC 
FLOCO 
FLOCO 
F2 
F2 
F2 
F2 
F2 
F2 
F2 
F2 
F2 
E2 
F2 
E2 
E2 
E2 
F2 
F? 
E2 
F2 
F2 
E2 
F2 
F2 
F2 
F2 
F2 
F2 
F? 
F2 
F2 
F2 
F2 
E2 
F2 
F2 
F2 
F2 
E2 
E2 
F2 
F2 
F2 
F2 
F2 
F2 
F2 
F2 
F2 
F2 

BS 

as 
as 
as 
RS 

P 
PL 
PL 
PL 
PLX 

RSB 
RSB 
RSBP 
RSBPL 
RSRPLX 
RS P 
BSBP X 
RS 

as 
P 
P 

RSBP 
BSRP 
BS 

as 
as 
RS 
RS 
BS 
RS 
RS 
RS 
RS 

as 
as 
as 
as 
RS 
RS 
RS 

as 
as 
as 
as 
as 
as 
as 
RS 

as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
RS 

as 
as 

L 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
PL 
PL 
PLX 
PLX 

RSR 
RSB 
RSBP 
RSBP 
RSBP 
RSBP X 
RSBPL 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 

T 
T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 

T 

t 
i 
i 
i 
i 
i 
t 

% 
$ 
i 
t 
t 
t 
i 
t 

$ 
s 
% 
t 
t 
1 
t 
t 
t 

$ 
1 
i 
t 
1 
t 

$ 
1 
1 
t 
t 
1 
t 
1 
1 
I 
t 
t 
t 
t 
1 
1 
1 
{ 
I 
I 
1 
t 
1 
t 
t 
1 
t 
t 
1 
i 
1 
1 
1 
t 

S O P H I S T l / 2 / 5 , M U L T I - G P TRANSFER C O E F F I C I E N T S 
A I M 6 . l - D M L L T I - G P D I F E U S I C N SLAB CYL SPHERE 
GAMTEC2. M U L T I - G P CONSTANT CALC 0 TO 10 MEV 
T E M P E S T 2 . THEBMAL NEUTRCN SPECTBUM X - S E C T I O N S 
HAMMER, C a i T I C A L EXPEBIMENT ANALYSIS SYSTEM B 
T U Z , UNBESOLVED BEGION RESONANCE INTEGRAL CALC 
Z U T , RESCLVED BEGION BESONANCE INTEGBAL CALC 
DDB. 2-D FEW-GP D I F F U S I O N BUBNUP RZ GECMETBY 
CBA^, 1-C ANC 2 - C M U L T I - G P D I F F U S I O N PBOGBAM 
AGN-GAM, FAST SPECTRUM M U L T I - G P CCNSTANT CALC 
TDSN, 2 - D MULTIGBOUP DISCBETE OBOINATE PRCGRAM 
SPECTRA, MC CALCULATION IRRACIATEC MATEBIAL 
MCS, MONTE CABLO NEUTBCN PENETBATION STUCY 
ZOT, GBDUP-CCLLAPSING OF M U L T I - G P X - S E C T I O N S 
2 D X Y , 2 - D M U L T I - G P SN APPBOXIMATIGN XY GEOM 
G E - H A P 0 - S 1 3 . 1-D M U L T I - G P DOUBLE SN APPROX 
A I B E K 3 , SPACE- INCEPENDENT K I N E T I C S W/FEEORACK 
CBQCK, SPACE PCWEB PLANT DESIGN O P T I M I Z A T I O N 
DANCOFF J B , MODEBATOB SPACE CHOBD D I S T FUNCT 
F A B S E I A . DOSE BATE FRCM SNAP S H I E L C LEAKAGE 
FUGUE. STEADY-STATE TEMPERATURE V C I C FRACTICN 
LYNNE, WOODS-SAXON POTENTIAL SHAPE CALCULATION 
MORTIMER, DCSE BATE CALCULATION SNAP GEOMETBY 
P E R T , 1 -0 PEBTURBATICN FOR AIM ANC FOG CODES 
SCARF2 , SCATTEB FBOM BACIATOB F I N S SNAP GEOM 
S C A B l , SCATTEB FBOM A BING SNAP GECMETBY 
SHOCK. SPACE POWEB PLANT DESIGN O P T I M I Z A T I O N 
S N A P K I N 5 / 5 A , 1 -BEGION K I N E T I C S SNAP GEOMETRY 
S4 CYL CELL CODE, 1 - 0 1-GP S4 APPRCXI MAT ICN 
WED. W-DSN OUTPUT TAPE E D I T REACTION RATES 
SUMMIT . CRYSTALLINE SCATTERING KERNEL CALC 
S I Z Z L E . 1-D MULTIGROUP D I F F U S I O N OEPLETICN 
A I M F I R E . URANIUM FUEL CYCLE COST ANALYSIS 
BAM, S4 CYL CELL CCDE AND TEMPEST COMBINATION 
BOUNCE, FLUX D I S T I N M L L T I - P I N FUEL ELEMENT 
CLOUC, GAMMA-BAY DOSE BATE FBOM A CLOUD 
CONEC, CCUPLED NEUTBCNICS-HYDBCCYNAM ICS SPHEBE 
C a D C 9 0 , M L - 1 F L U I D FLOW EXPEBIMENT ANALYSIS 
F B A N T I C , LEAST SCUABES F I T SUM OF EXPONENTIALS 
G B A C E l , GAMMA-BAY ATTENUATION SLAB GECMETBY 
GBACE?. GAMMA-BAY ATTENUATION CYL SPHERE GEOM 
ISOCRUNCH. BEACTION DECAY CHAIN ANALYSIS 
M I S T . 1-D FEW-GP SN DOUBLE SN APPBOX SLAB GECM 
BATBAP, COSE BATE CALCULATION SNAP GEOMETBY 
S A I L , 1-D l - G P SN APPf iCXIMATICN SLAB GECMETBY 
AGN-SIGMA, CALC OF M U L T I - G P TBANSFEB MATBICES 
E Q U I P 0 I S E 3 , 2 - C 2-GfiOUP D I F F U S I O N SLAB CYL 
E 0 U I P 0 I S E 3 A , 2 -D 2 - G P D I F F U S I C N CYLINDEB SLAB 
FOG, 1 - 0 FEW-GP D I E F U S I O N SLAB CYLINDEB SPHEBE 
T O P I C . l - D FEW-GP SN APPBOXIMATION CYLINDER 
W - D S N , 1-D M U L T I - G P SN APPROX SLAB CYL SPHERE 
WHIRLAWAY, 3 - C 2-GROUP C I F F U S I O N XYZ GEOMETRY 
20GRAND, 2 - 0 FEW-GRCUP C I F F U S I O N SLAB CYLINCER 
ARES2, RESONANCE INTEGRAL X - S E C T I O N CALC 
FORM, FAST NEUTRCN SPECTBUM X - S E C T I Q N CALC 
D T F 2 , 1 - 0 M U L T I - G P DISCBETE CROINATE CALC 
G A M l , FAST NEUTRON SPECTRUM X - S E C T I O N CALC 
HATCHET, COUPLED NEUTRCNICS-HYCROCYNAMICS CODE 
FEVER, 1-D FEW-GP D I F F U S I O N DEPLETION PBOGBAM 
L I P B E C A N l . MC NEUTRON PENETRATION CALCULATION 
NPRFCCP. FUEL CYCLE COSTS PERFORMANCE DATA 
NUCY. SOLUTION OF NUCLIDE C H A I N EOUATIONS 
H E R E S Y l . L A T T I C E PARAMETERS HETEROGENEOUS CALC 
MAC. SHIELD CESIGN MULTIGROUP SLAB GECMETRY 

LRL 
Al 
BNW 
Al 

NL-CP 
GGA 
GGA 
GGA 
UK-R 
AGC 
LER 
GEC 
LASL 
LASL 
AGC 
BNW 
Al 
Al 
AEG 
Al 
Al 
ORNL 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
UK-W 
GGA 
Al 
Al 
Al 
AGC 
Al 
LRL 
AGC 
MIT 
Al 
Al 
ORNL 
PPCC 
Al 
Al 
AGC 
ORNL 
ORNL 
Al 
PPCO 
UK-W 
ORNL 
CRNL 
Al 
Al 
Al 
GGA 
AGC 
GGA 
DAC 
KE 
ORNL 
FMA 
BNW 

160 
29 

185 
50 

277 
42 
41 
99 
1C3 
204 
312 
422 
20 2 
113 
18 
75 
121 
112 
150 
91 
48 

381 
142 
30 
U O 
111 
114 
122 
S3 

133 
56 
58 
55 

108 
237 
47 

129 
154 
324 
45 
46 
180 
59 
141 
52 

243 
39 
87 
28 
148 
132 
32 
40 
89 
51 

151 
33 
153 
117 
123 
146 
134 
136 
143 
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7 0 9 0 
7 0 9 0 
7C9C 
7 0 9 0 
7 r 9 0 
7C90 
7 0 9 0 
7C94 
7 0 9 4 
7 0 9 4 
7C94 
7 0 9 4 
7094 
7094 
7094 
7094 
7 0 9 4 
7 0 9 4 
7094 
7 0 9 4 
70 94 
7C94 
7094 
7094 
7C94 
7094 
7C94 
7094 
7094 
7094 
7094 
7094 
7094 
7094 
TP94 
7094 
7094 
7C94 
7094 
7094 
7C94 
7094 
7094 

E4 
F4 
MAD 
MAO 
MAD 
MAD 
MAD 
F + FAP 
F+FAP 
F + FAP 
F + FAP 
E+FAP 
F + FAP 
F + FAP 
F + FAP 
F+FAP 
F+FAP 
F+FAP 
F + MAP 
F+MAP 
F + MAP 
F + MAP 
F+MAP 
F + MAP 
F+MAP 
EAP 
F2 
E2 
F2 
F2 
E2 
F2 
F2 
F2 
F2 
F2 
F4 
E4 
F4 
E4 
F4 
F4 
F4 

99-GP D L C -

RS P 
RSBP 
RSR 
BSB 
BSB 
BSB 
RSB 
RS L 
RS P 
RS P 
RS P 
RS P 
RS PL 
a s PL 
as PL 
a s PL 
BS PL 
BSBPL 
BS P 
a s p 
BS P 
a s p 
BS PLX 
BS PLX 
BSBP 
BS P 
BS P 
RS P 
BS P 
a s P 
a s p 
RS P 
RS PL 
RSBP 
RSBP 
RSRP 
RS 
RS 
RS P 
RS P 
RS P 
RS P X 
RSBPLX 

T 

T 

T 
T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 

T 
T 
T 

T 

T 

T 
T 

1 
t 
1 
1 
1 
1 
t 
1 
I 
1 
I 
t 
t 
t 
1 
1 
t 
t 
t 
1 
t 
t 
t 

% 
1 
t 
1 

$ 
t 
t 
1 
1 
1 

$ 
t 
1 
1 
t 
t 
1 
t 
t 
t 

NOI SY 
MUFFL 1 
BURPl 
BURP2 
BURP3 
RURP4 
BURPS 
MOMUS 
SHOE. 
A I S I T 
E P I T H 
HEATH 
AIL MO 
CURI E 
ECSIL 
GRAVE 
TYCHE 
CPS. 
CHAC, 
A IROS 
GAROL 
T S N . 
LASER 
T R I X l 
SATUR, 
RATH, 
EXPAL 
E X T , 
FLOW-I 
WEAK 1 
TRANS-
2PLUS 
CYOLO 
AXFLU 
AXTHR 
P T H l , 
R 1 0 2 , 
LASL 
AVERAl 
MABS, 
S I G P L 
VAB l - i 
N A P , 

2R L IBRARY GROUP 1 

1 , A U T D - AND C a c S S - S P E C T B A L D E N S I T I E S BNWL 4 8 8 
E. F I S S I L E NUCLIDE X - S E C T I Q N EVALUATION ORNL 323 
. DETECTOR E F F I C I E N C Y PCINT SOURCE UM 164 
. DETECTCR E F F I C I E N C Y D ISK SCUBCE UM 165 
. DETECTOR E F F I C I E N C Y P O I N T SOURCE UM 165 
. GAMMA-BAY PHCTCFBACTICN SOLIC CfiYSTAL UM 169 
. GAMMA-BAY PHOTOFBACTION WELL CfiYSTAL UM 170 
. X - S E C T I O N LIBBABY U T I L I T Y PBOGBAM A l 159 

SH IELD WEIGHT O P T I M I Z A T I O N OOSE CALC A l 197 
E 2 . PABAMETBIC S ITE BEQUIBEMENT STUOY A l 172 
EBMOS. SPECTBUM ANC X - S E C T I O N CALCULATION GEV 2C1 
N G 2 . TBANSIENT STEADY-STATE HEAT TRANSFER A l 198 
E. X - S E C T I O N CALC E L A S T I C SCAT RESONANCES A l 147 
.DOSE .THUNDERHEAO, EXTERNAL+INTERNAL OOSE A l 196 
, EXPERIMENTAL NEUTBON OATA LIBRARY LRL 3 5 1 
. GROUP-AVERAGING X-SECTIONS PARAMETERS A l 162 
3 . MONTE CARLO SLCWING-DOWN DENSITY CALC 4 1 149 
SC4C20 PLOTS FROM SCISRS X - S E C T I O N TAPES WANL 2 3 9 

LEGENCRE COEF CALC FOB ANGULAB OIST CATA A l 2 1 5 
. SPACE-INDEPENOENT K I N E T I C S W/FEECBACK 4 1 163 
. BESONANCE CVEBLAP ANO L A T T I C E EFFECTS LER 2 1 9 
SPATI ALLY-OEPENCENT REACTOR K I N E T I C S A l 309 
. SPECTBUM CALC WITH BURNUP CYL LATT ICE WAPO 2 4 9 
. RESONANCE INTEGBAL X -SECTION CALC A l 2 0 8 
ATED BLCWDCWN2. BLOWDOWN ANALYSIS LOFT KE 2 0 0 

2 - OB 3 - 0 HEAT CONDUCTION LUMPED MASS LASL 2 4 2 
S. LEAST SCUABES EXPONENTIAL DECAY CUBVES LRL 3 2 1 
X - S E C T I O N S FROM B-W RESCNANCE PARAMETERS WANL 238 
MODEL. MULTI-CHANNEL 2 - 0 2-PHASE FLOW Al 2 4 6 
E X P L O S I O N , COUPLEC NEUTBON-HYCBQDYNAMICS APOA 145 
- F U G U E l . TBANSIENT FLOW ANO HEAT TBANSFEB Al 268 
. NCN-SPHEPICAL OPTICAL MODEL X -SECT IONS A l 254 
P S I . THEBMODYNAMIC CYCLE ANALYSIS * l 244 
. HEAT TRANSFER MOLTEN FUEL TUBE BUNDLES LASL 182 
M. HEAT TBANSEER SOLID FUEL TUBE BUNDLES LASL 163 

BLOWDOWN PRESSURE TEMPERATUBE HISTOBY KE 155 
SPACE-INOEPENDENT INVERSE K I N E T I C S CALC WANL 1 6 8 

LEAST SCUARES. GENERAL CUBVE F I T T I N G LASL 6 2 
G E . UNBESOLVED REGICN AVERAGE X-SEC CALC BNL 3 7 6 

2 - D EXCUBSION CALCULATION R-Z GEOMETRY APOA 29 3 
C T . RESCLVED MULTILEVEL 8-W X - S E C CALC BNL 377 
Q U I R 3 , 2 -D M U L T I - G P D I F F U S I O N XY BZ RTH WANL 2 6 4 
NEUTRCN-INCUCEC GAMMA-RAY R A D I O A C T I V I T Y I I T R 3 1 4 
CCLLAPSING APRF 6 5 0 0 F4 RS $ A P R F X l . 4 6 6 
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